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Betalains are an important class of water-soluble pigments, with radical scavenging capacity, which
is characteristic of the order Caryophyllales. The structural unit of the violet betacyanins, betanidin is
reported as a substrate for the enzyme tyrosinase (EC 1.14.18.1), which plays a key role in the
betalains biosynthetic scheme. The compound was identified in Lampranthus productus violet flowers,
from which it was extracted and purified. The tyrosinase-mediated oxidation of betanidin was
characterized in depth and followed by high-performance liquid chromatography and spectropho-
tometry. The addition of ascorbic acid reversed the reaction product, betanidin-quinone, to the original
pigment. Kinetic analysis revealed a K, = 0.66 mM. Betanidin degradation kinetics was also studied
in the absence of the enzyme and demonstrated that pH values over 6.0 and high ionic strength
reduce the pigment stability.
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INTRODUCTION of Martinez-Parra and Miaz (16, 17) that the mechanism of
action of peroxidase on betacyanins was established and the
reaction products were identified.

Decolorizing enzyme activities are not restricted to red beets

Betalains are water-soluble nitrogen-containing pigments
which are present in plants belonging to the order Caryophyllales
and in some fungal genera)( and they include the red-violet ;
betacyanins and yellow/orange betaxanthins. They are consid-and _have also been detected in Amaranth_us Spetislo)
ered to be immonium derivatives of betalamic acid with 5,6- and in pokeweed leaves (Phytolagca amencar%))( )
dihydroxyindoline-2-carboxylic acictyclo-DOPA) and amino Despite the relevance of tyrosinase in the metabolism of
acids or amines. All betacyanins are composed of aglycone betalains, its activity toward betacyanins has never been

(betanidin) and glycosyl moieties, and some betacyanins arecharacterized. In this work, the structural unit of betacyanins is
modified with acyl groups. extracted and purified from a natural source and used for kinetic

studies with tyrosinase. The aim of the work described here
was to study previously unconsidered reactions occurring once
this labile molecule, betanidin, is constituted and to propose
new steps that are integrated into the final steps of the
biosynthetic scheme of betalains. The stability of betanidin under
different conditions is also investigated.

Although the betalain metabolic pathway is still to be fully
clarified, the involvement of the enzyme tyrosinase or polyphe-
nol oxidase (monophenabd-diphenol: oxygen oxidoreductase;
EC 1.14.18.1) is generally considered as proballe 3.
Tyrosinase is a copper-containing enzyme that catalyzes two
different reactions using molecular oxygen: the hydroxylation
of monophenols (monophenolase activity) and the oxidation of
o-diphenols (diphenolase activity})( The enzyme tyrosinase = MATERIALS AND METHODS
has been purified from betalain-containing extractd\uwfanita Chemicals. Mushroom tyrosinase (2590 units mgsolid, lot

muscar_'a(S)’ Portu_laca grand'ﬂora(B)’ andB_etaqugarls (@) 092K70491)s-glucosidase (almonds, Sigma G4511), ascorbate oxidase
Physical—chemical properties of betalains have been char-(cucurbita sp.), chemicals, and reagents were purchased from Sigma
acterized (89), and their stability has attracted the attention of (St. Louis, MO). Solvents were from Merck Chemicals Ltd. (Dorset,
researchers, since they are used as food colordis gnd UK). HPLC-grade acetonitrile and methanol were purchased from
exhibit antioxidant capacity (11—13). Labscan Ltd. (Dublin, Ireland). Distilled water was purified using a

The first substantial evidence for the existence of enzymatic Mill-Q system (Millipore, Bedford, MA).
activity on betacyanins came from studies with protein fractions _Plant Material and Sample Preparation. Lampranthus productus
from red beet14). These studies were continudd), and the (L. Bol.) N.E.Br. plants with violet flowers were grown by the authors
. L : . . ’ . in Murcia (Spain). Flower samples were carefully collected, and the
implication of the enzyme peroxidase in the degradation of

. . . ; .~ _petals were removed and washed. Pigments were extracted in 10 mM
betanin was established. However, it was not until the studies g qiym acetate buffer pH 5.0, containing 10 mM ascorbic acid (AA)

in a Polytron homogenizer (Kinematica AG, Switzerland) (5 s, 2 pulses,

* Author to whom correspondence should be addressed. PhoBé: at medium speed). The homogenate was filtered through nylon cloth
968 364762. Fax+34 968 364147. E-mail: pepa@um.es. and centrifuged at 1200@0for 40 min. The supernatant was then
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filtered through Centriplus YM-10 membranes (Millipore) to remove diode array U\+visible spectrophotometer (Hewlett-Packard, Wald-
proteins, and the filtrate was used for pigment analysis or further bronn, Germany).

purification. The whole process was carried out &C4 For analytical Quantification of Betacyanin®etanin and betanidin concentration

purposes, flower extracts were also carried out in pure MeOH and were evaluated through absorbance, taking a molar extinction coefficient

filtered through 0.45:m PVDF filters (Millipore) before analysis. of e = 65000 Mt cm™ ande = 54 000 Mt cm™?, respectively, at
FPLC Purification. Anionic exchange chromatography of betanidin 536 nm (21). Measurements were made in water at@5

from Lampranthuswas performed in an”&a purifier apparatus Tyrosinase Assay$he commercial mushroom tyrosinase was used

(Amersham Biosciences, Uppsala, Sweden). The equipment wasas an enzyme source since it is used extensively as a model for studies
completely operated via a PC using Unikorn software version 3.00. at molecular and kinetic levels (22).
Elutions were followed at 280 and 536 nm. Unless otherwise stated, the reaction medium (1.0 mL) contained
The solvents used were sodium acetate buffer 10 mM, pH 5.0 20 MM sodium acetate buffer, pH 5.0, and&@mL * of the enzyme
(solvent A), and sodium acetate buffer 10 mM, pH 5.0, with NaCl 2 at 25°C. Quinone formation rates were followed at 400 nm. Other
M (solvent B). A 25x 7 mm, 1 mL Q-Sepharose Fast Flow column conditions and reagents are detailed in the text and in the figure legends.
(cross-linked agarose with quaternary ammonium as exchanger group/\ll €xperiments were performed in triplicate. Cuvettes of 0.5 and 1
90 um of particle size) purchased from Amersham Biosciences was ¢M Of light path were used. Chemical oxidation of betanidin was

used. After sample injection, the elution process was as follows: 0% Negligible during the assay time. _ o
B from beginning to 7 mL; after washing, a linear gradient was The molar extinction coefficient corresponding to betanidin-quinone

developed from 0% B to 35% B in 20 mL, with 1 mL fractions being &t 400 nm was determined by an end-point method, through a set of

collected. Cleaning (7 mL, 50% B) and re-equilibration (7 mL, 100% €XPeriments at initial concentrations from 8.0 to 2@, and at

A) steps were performed between each sample injection. Injection Sufficiently high enzyme concentration and incubation time. The

volume was 1 mL, and the flow rate was 0.5 mL minA total of 100 reaction was allowed to proceeq until the sqbstrate had been comp!etely

uL was injected for analytical purposes and comparison with standards. convertgd. The data_ thus obtained were fitted by Ieast-_squares linear
Desalting on SPE Cartridgesor desalting betanidin, 1 mL C-18 regression. Absorption spectra were also recorded with the above

- . - . instrument. Kinetic data analysis was carried out by using linear and
cartridges (Waters, Milford, MA) were conditioned with 5 mL of Y y 9

o h nonlinear regression fitting (23), using the SigmaPlot Scientific
methanol followed by 10 mL of purified water. Aqueous solutions of Graphing for Windows version 8.0 (2001, SPSS Inc.).

betanidin were applied and bound to the minicolumn. Salts and buffers
were washed off by rinsing the column with purified water. Betanidin

was eluted with acetone, and the resulting fraction was evaporated to
dryness under reduced pressure at room temperature. Samples werg,

_then r_f?_dl(?solvted 'fn soﬂur? g_cetate buffer 10 mM, pH 5.0, & #r sodium phosphate buffer (pH 5:8.0). For the study of the effect of
In purified water (pr pH stu |esf).. ) ) ionic strength, a solution 6.4M betanidin, in the presence or absence
Standard Betanin and Betanidin Obtainment. Standard betanin of H,0,, was prepared in sodium acetate buffer (pH 5.0¥180 mM

for HPLC identification analysis and calibration was obtained from 5t o5°c.

betanin purified from commercial red beet. Extraction was performed  petanidin degradation rate was followed spectrophotometrically at
in 10 mM phosphate buffer, pH 6.0, in a Model 230 Omnimixer (Sorvall 536 nm.

Inc., Norwalk, CT) at maximum speed for 10 s. The homogenate was  gyperiments were performed in triplicate, and the mean and standard
filtered through cheesecloth and centrifuged at 120000g. The super-gyeviation were plotted.

natant was then filtered using a YM-10 membrane (Millipore) to remove Ascorbate Oxidase Treatment.L. productusextract was carried
proteins. All steps were carried out at°€. The pigment was then out in 10 mM sodium acetate buffer pH 5.0 at@, under the same
purified according to the method described by Escribano etld). ( conditions as described above but without the addition of AA.
Standard betanidin was obtained enzymatically from purified betanin Endogenous AA was depleted from the extract enzymatically through
through $-glucosidase (EC 3.2.1.2B-p-glucoside glucohydrolase)  treatment with the enzyme ascorbate oxidase (EC 1.10.2a3cor-
treatment. A 4«M betanin solution was incubated for 30 min with 14 bate: Q oxidoreductase). Fresh extract aliquots were diluted to give
units mL™* of S-glucosidase in 50 mM sodium acetate buffer, pH 5.0, final absorbance at 265 nm around 1 unit and incubated with 0.07 units
at 25°C. The enzyme was removed by ultrafiltration through YM-10 mL~? of the enzyme in 10 mM sodium acetate buffer, pH 5.0, at 25
membranes. Transformation was complete according to HPLC analysis.°C. The process was followed by UWisible spectrophotometry until
HPLC Analysis. HPLC-PDA. A Shimadzu LC-10A apparatus it was completed. The concentration of oxidized AA was calculated
equipped with a SPD-M10A photodiode array detector (Shimadzu, from the decrease in absorbance at 265 nm using the molar extinction
Kyoto, Japan) was used for analytical HPLC. Reversed phase chro-coefficient of 16 500 M* cmi* for AA (24). The experiment was
matography was performed with a 2504.6 mm Kromasil 100 C-18  performed in triplicate with different extracts.
column packed with xm particles (Teknokroma, Barcelona, Spain).
Gradients were formed between two helium degassed sol\&witent RESULTS AND DISCUSSION

system 1: Solvent A was water acidified with 0.05% trifluoroacetic . L . .
acid, and solvent B was composed of acetonitrile with 0.05% trifluo-  EXtraction and Purification of Betanidin. A major problem

roacetic acid. Linear gradient was performed in 20 min from 0% B to limiting the number of studies on betanidin has been the low
28% B. Solvent system:2Solvent A was sodium acetate buffer 10 availability of the compound. In addition, it is known to be a
mM, pH 5.0, and solvent B was pure methanol. Linear gradient was labile molecule 25), and it degrades quickly under the working
performed in 11 min from 10% B to 60% B. In both cases, the flow and storage conditions. Betanidin has been obtained from betanin
rate was 1 mL min?, operated at 258C. Injection volume was 20L. by acid hydrolysis or deglycosilation (126).

HPLC-MS. For HPLC-ESI-MS analyses, an Agilent VL 1100 The first aim of the present work was to find a natural source
apparatus with LC/MSD Trap (Agilent Technologies, Palo Alto, CA)  from which to obtain natural betanidin, and to purify it. The
was used. Elution conditions were as described above for solvent SySte”bigment content of violet flowers of different plants belonging
1, using a Zorbax SB-C18 (38 2.1 mm, 3.5um) column (Agilent 4 0 canophyllales was analyzed by HPLC, solvent system
Technologies) with a flow rate of 0.3 mL mih Vaporizer temperature .

1 (results not shown). Among therh, productusdeep-violet

was 350°C, and voltage was maintained at 3.5 kV. Sheath gas was )
nitrogen operated at a pressure of 35 psi. Samples were ionized infloWers were selected because they revealed a high content of

positive mode. lon monitoring mode was full scan in the range betanidin (0.56 mg/g fresh flower) which was only accompanied
60—600. For detection, the electron multiplier voltage was 1350 V. by its 5-O-f-glucoside, betanin (0.10 mg/dgyigure 1, inset).
Absorbance SpectroscopyFor absorbance spectroscopy, a Uvikon Spectra and retention times were compared with those of
940 spectrophotometer (Kontron Instruments, Zurich, Switzerland) was standard purified betanin, extracted from beet root, and standard
used. Consecutive wavelength scans were performed in a HP 8452Abetanidin, obtained by deglycosilation of the former. Masses

Experiments were performed in triplicate, and the mean and standard
deviation were plotted.
Stability of BetanidinThe effect of pH on betanidin stability was
easured in 20 mM sodium acetate buffer (pH-3®) or 20 mM
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Figure 1. Chromatographic profile for the purification of betanidin (peak
2) from extracts of L. productus violet flowers. Peak 1 corresponds to 2 Zz
betanin. Elution was followed at 536 nm (—), and conditions are described 200 300 400 500 600 700
in the Materials and Methods section. A total of 100 uL of an extract ” * {nm)
containing betanidin 29 «M was injected. Inset: HPLC elution profile of ‘ . : , . ,
the extract showing betanin (peak 1), betanidin (peak 2), and their 9 12 15
corresponding (2S/R)-isomers (peaks 1' and 2'). Analysis was performed
with solvent system 1 and followed at 536 nm. Full scale is Asss = 0.15
absorbance units. A total of 20 uL of extract containing betanidin 24 xM 3
was injected.
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were determined by HPLC-ESI-MS and corresponded to the 00

expected protonated molecular ions [# H]* of the pig- ' . 200 300 400 500 €00 700

ments: Mz 551 (betanin) andvz 389 (betanidin). No betalamic i . o

acid was detectedlampranthuss a genus of plants that belongs : . . . . "

to the Aizoaceae family and which is native to South Africa. 0 6 9 ? 1’

The existence of betalains in the gerusmpranthushas been time (min)

known since Piattelli and Impellizzeri (27) described the Figure 2. HPLC elution profiles for a solution of 37 «M betanidin in 20

presence of betacyanins in violet flowers. They demonstrated mM sodium acetate buffer pH 5.0, before (a) and after (b) the addition of

the existence of feruloyp-coumaroyl and diferuloyp-couma- 85 ug/mL tyrosinase. Betanidin (peak 1) and the (2S/R) diastereoisomeric

royl derivatives of betanin, but the presence of betanidin was form (peak 1') shared the same spectrum (a, inset). In b, the reaction

not reported. Betanidin lability may have prevented proper was stopped after 15 min. The spectrum of the product obtained by the

identification in previous studies. action of tyrosinase on betanidin (peak 2) is shown in b, inset. Panel ¢
Pigments were extracted from the petals in buffer at pH 5.0 shows the chromatogram after the addition of 0.2 mM AA to the previous

with 10 mM (AA). AA was added in order to avoid any possible one, recovering the original pigment. Dashed line in ¢ represents

oxidation of the pigment by the extract. The analysis of the apsorbance at 240 nm (full scale Ao = 0.4), with 3 being the peak

extract was also carried out in pure methanol, with the same corresponding to AA (spectrum in inset). Full scale is Ass = 0.4

results being obtained. Betalains are highly soluble in water, apsorbance units in a and c; Asss = 0.125 in b. Solvent system 2 was

and pH 5.0 favored the stability of betanidin as preliminary geq.

studies demonstrated (results not shown). Once proteins were

removed by ultrafiltration, the extract was submitted to purifica-  Enzymatic Oxidation of Betanidin by Tyrosinase.HPLC

tion in an automated system based on ionic exchange chroma-Analysis.Purified betanidin was analyzed by HPLC (solvent

tography. The elution profile obtained for the extracted pigments system 2) and showed the existence of the isom&S)(@major

is shown inFigure 1. Fractions containing betanidin were peak) and (2S/R) (minor peak), as can be sedfigare 2a.

pooled, and pure betanidin was obtained according to HPLC The solution was stable under pH 5.0 at°25during the assay

analysis. A total of 99% of the starting betanidin was recovered time. However, when the enzyme tyrosinase was addedd85

and submitted to C-18 cartridges in order to remove the NaCl mL), the pigment content evolved and a new peak appeared,

content used during elution. The yield for the last process was concomitant with the reduction of the peak corresponding to

95%, and the final sample was evaporated to dryness and usedhe original betanidinKigure 2b). The peak derived from the

in further experiments. activity of tyrosinase on betanidin was assigned to betanidin-
Calibration parameters have never been reported for betanidinquinone by following the well-established mechanism of action

in the literature. In this study, calibration graphs suitable for of the enzyme4) and by spectral comparison with the betanidin-

betanidin quantification in plant extracts were made by applying quinone obtained by peroxidase activily/§. The contribution

the described HPLC protocol (solvent system 1). Linear of the minor diasteroisomer &R) to the reaction could not be

regression analysis was followed by plotting concentragidh)( separated from the major oneS/5), and a single peak for

against peak area at= 536 nm. Five points were used, and betanidin-quinone was obtained. Tyrosinase may preferably

samples were injected in triplicate. The regression factor oxidize betanidin compared to isobetanidin in the same way as

Absorbance {r.u.)

-

w

calculated wag = 0.9999 (peak area= 49595+ 303 x tyrosinase showed stereospecificity in its affinity toward be-
[betanidin]— 13943+ 4597). The detection limit (LOB- 0.66 taxanthins (28).
uM) was calculated on the basis off 3o being the residual Spectroscopic Analysis of the Oxidation of Betanidin by

SD around the regression line) and the quantitation limit (LOQ Tyrosinase.Pure betanidin was obtained in sufficient amounts
= 1.53 uM) on the basis of 100. Data correspond to the to follow the tyrosinase-mediated oxidation of the compound
calibration of the main isomer &S), whose individual content by observing changes in the UWisible spectrum with time at

was determined as a percentage of peak area. pH 5.0 Figure 3a). Maximum spectral changes were observed
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Figure 3. (a) Consecutive scan spectra of betanidin oxidation by tyrosinase. The assay medium contained 18 x«M betanidin in 20 mM sodium acetate
buffer, pH 5.0. The reaction was started by the addition of the enzyme (50 u«g/mL). Scans were performed at 5 min intervals. Inset: differential spectra
derived from the previous scans on subtracting the first recording from the rest. (b) Coleman graphic analysis of the consecutive spectra shown in (a).
The test of two species with restrictions was applied. In this analysis, A; is the absorbance at a wavelength i obtained during tracing j, where 7/ = 540
nm, i = 4 (320 nm), i = O (400 nm), i = @ (482 nm), i = O (500 nm), i = v (522 nm), i = M (534 nm), i = ¥ (570 nm), and j = first tracing.

at 542 nm (decrease in absorbance), and an isosbestic point was 0.90
formed in the visible range of the electromagnetic spectrum at
A = 466 nm, during the first 40 min of reaction. Another 075
maximum was detected at 400 nm (increase in absorbance). <
These changes were not observed in the absence of the enzyme = 060 1
and thus were considered results of tyrosinase activity. The §
spectroscopic evolution was as expected, considering the S 0457
spectrum of betanidin-quinone obtained by HPLC-PBAg(rre 2 030 1
2b, inset). =
Coleman graphic analysi29) was applied to the oxidation 0.15 4
of betanidin by tyrosinase. The convergence of straight lines at O etandin Gty
the origin of the coordinate axig-igure 3b) also supported ——6:00 . . . . )
the existence of only two related absorbing species evidenced OVVO- bo 0.01 0.02 0.03 0.04 0.05
by HPLC. To ascertain that the product of the reaction was -0.15 - 1/ [betanidin] (uM™")

betanidin-quinone, AA (final concentration 0.2 mM) was added Figyre 4. Lineweaver-Burk plot for the kinetic analysis of the action of

to the medium after the action of tyrosinase and once the enzymeyosinase on betanidin. Inset: dependence of betanidin oxidation on its

had been removed by ultrafiltration. Immediately after the concentration. The reaction medium contained different substrate con-
addition of AA, the original color was recovered and betanidin - centrations in 20 mM sodium acetate buffer, pH 5.0, at 25 °C with 50 ug

was formed, as HPLC analysis indicatétigure 2c). AA is a mL~L of tyrosinase.

reducing agent able to reverseuinones to the diphenol8).

All the data collected in the present work indicated that a single  Betanidin Stability. Studies on the chemical stability of
quinone was the product of the oxidation of betanidin mediated betacyanins have mainly been focused on betanin. Huang and
by tyrosinase. von Elbe (34) evaluated the influence of pH on the stability of

Kinetic Characterization. Betanidin oxidation rate by ty-  this compound, although data have been reported for other
rosinase was dependent on substrate concentration in the reactiopigments, e.g., amaranthin (35). Whereas the betanin degradation
medium (Figure 4). When the concentration of betanidin was generates betalamic acid acytlo-DOPA—5-0-fp-glucoside
varied and the resulting steady-state rates were fitted to the(13), the chemical degradation of betanidin leads to the
Michaelis—Menten equation, the kinetic parameters for tyrosi- formation of betanidin-quinone that evolves to polymers (17).
nase were evaluated ¥g = 41.1+ 0.6 uM/min, K, = 0.662 To our knowledge, kinetic studies on the degradation of
+ 0.012 mM. betanidin have not been carried out.

The affinity that tyrosinase exhibits for this substrate is in Figure 5A shows the effect of pH 3:68.0 on the degradation
line with the data reported for tyrosinases from different sources rate of betanidin at 28C in the absence of any enzyme. The
acting on plant pigments. K, = 0.646 mM was obtained for  data for each pH could be adjusted to a first-order degradation
the oxidation of the flavonoid quercitin catalyzed by broad bean kinetics, and the corresponding degradation constegteere
tyrosinase (31), and &, = 0.20 mM was found for the calculated. The results (Figure 5A, inset) indicated that betanidin
oxidation of catechin by the enzyme from peach (32). A lower was stable in solution in the pH range 3.6.0. However, at
value was calculated for the oxidation by mushroom tyrosinase higher pH values, betanidin degrades quickly and a color loss
of the related compound dopaxanthiq(= 84.3uM) (2). The is observed. The vacuolar location of betalaidg)(may favor
tyrosinase-homologue aureusidin synthase presented a higtbetanidin stability since pH is lower than in cytosol.

specificity in the catalysis of chalcones oxidation, and.a= The influence of ionic strength on the stability of betanidin
15.7 uM was determined for the diphenolic pigment PHC solutions was also studie®igure 5B). Buffer concentrations
(2',3,4,4',6'-pentahydroxychalcone) (33). of 20, 60, and 100 mM (pH 5.0) were assayed in the presence

For the first time, kinetic parameters are reported for of increasing HO, concentrations, which chemically conducted
tyrosinase acting on a betacyanin. To determine the reactionto the formation of betanidin-quinone. The data clearly showed
rates of betanidin oxidation it was necessary to calculate the that the stability of betanidin is negatively affected by ionic
molar extinction coefficient of the product. An= 18 600 M1 strength and decreases with increasing concentrations of per-
cm~! was obtained at 400 nm for betanidin-quinone. oxide. Even in the absence of peroxide an increase in the ionic



1550 J. Agric. Food Chem., Vol. 55, No. 4, 2007 Gandia-Herrero et al.

0.18
__ 000
)
<
—_ ) -0.05 1 =
E 0.12 § g
= I} 3
= £ 0101 5
- (%] g 0.3 4
0.06 - 2
> < 0151 <
< 0.0 1 ; - . .
200 300 400 500 600 700
0204 12 * {nm)
000 T T T T
0 5 10 15 20 25 200 300 400 500 600 700
[betanidin] (uM) A (nm)
3
[ 2 B Figure 6. Endogenous AA depleted from L. productus violet flowers extract
§ after the addition of ascorbate oxidase (0.07 unit mL™1). Differential spectra
= o e show negative recordings of the characteristic absorbance spectrum of
g 000 z AA (decrease at 265 nm) derived from the spectra shown in the inset.
= o 40 80 120 160 Scans were performed at 1 min intervals.
~ [buffer] (mM)
> 1 DAA AA
0 T T T r T
00 01 02 03 04 05 06 Ho o
H,0,] (mM) "o (;) ° m°
Figure 5. Degradation kinetics of betanidin, in the absence of tyrosinase, I on 120, ° Y
under different conditions of pH (A) and ionic strength (B). In A, the effect ] % [
of betanidin concentration on the initial degradation rate was tested at ] Tyrosinase i
the following pH values: 3.0 (v), 4.0 (v),_5.0 (&), 6.0 (A_), 6_.5 (O, 7.0 “°\n\w N ° Ho\n\« N o
(m), 7.5 (O), and 8.0 (@), thus allowing the determination of the o " o o " on

corresponding first-order degradation constants, ky (inset). The medium
contained 20 mM sodium acetate (pH 3.0-5.0) or sodium phosphate buffer
(pH 6.0-8.0) at 25 °C. In B, the effect of the ionic strength was tested
in the presence of increasing concentration of H,0,, which magnified the

effect obtained in its absence (inset). The medium contained betanidin .
6.4 uM and sodium acetate buffer (pH 5.0) 20 mM (@), 60 mM (O), or at 542 nm). The I_evel of AA determined was 0.19 mg petal
100 mM (m) at 25 °C. fresh weight. This value is comparable to those reported for

betalain containing beet roots (0.15 mgly(41) and cactus

strength is enough to promote betanidin degradatitigufe pears (0.180.23 mg g*) (42) and lower than the level obtained
5B, inset). Thus, not only the presence of oxidases like for dopaxanthin-containing yellow flowers bf productus(0.8
tyrosinase or peroxidase but also the oxidative stress in structuresng g%) (2).
exposed to direct sunlight may lead to the formation of  When tyrosinase (2Bg/mL) was added to the extracts used
betanidin-quinone under unspecific conditions (38). for the evaluation of endogenous AA, oxidation of betanidin
Endogenous Ascorbic Acid Prevents Betanidin Oxidation. was not observed until all AA was depleted from the medium
Among the reducing compounds available in plant cells, AA (results not shown). Betanidin-quinone was being formed by
(vitamin C) is considered to be the most abund@),(and it tyrosinase and continuously being transformed back to betanidin
may be one of the possible systems present in the petal cell ofby AA, evidencing the protection by the latter of the original
betanidin-containing flowers to avoid the pigment’s oxidation. pigment.Figure 7 shows the oxidation of betanidin by tyrosi-
The effect of AA on the tyrosinase-mediated catalysis is the nase where the formation of betanidin-quinone by tyrosinase
reduction of theo-quinone product of the enzymatic reaction (step 1) and the protecting effect of AA (step 2), demonstrated
back to the corresponding-diphenol with the concomitant in the present work, are considered.

oxidation of AA to dehydroascorbic acid (DAA) (30). It has | conclusion, the pivotal molecule in the biosynthesis of plant
been proposed that AA and DAA neither activate nor inhibit pigments betacyanins, betanidin, can be extracted and purified
the enzyme 40). Due to the relevance of the presence of a from violet flowers ofL. productus The activity of the enzyme
reducing agent for the stability of betanidin, and hence in the tyrosinase on this secondary metabolite is characterized for the

biosynthetic scheme of betacyanins, the occurrence of endog-irst time, and the formation of betanidin-quinone, as a single
enous AA was evaluated for the first time in violet flowers of compound, is demonstrated.

a plant belonging to the Caryophyllales.

Endogenous AA was determined in extracts of violet flowers
of L. productususing a spectrophotometric methdeddure 6).
AA was depleted by the enzyme ascorbate oxidase which

Betanidin Betanidin-quinone

Figure 7. Oxidation of betanidin by tyrosinase (step 1) and the involvement
of AA on betanidin regeneration (step 2).
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