Phytochemistry, Vol. 23, No. 4, pp. 879-881, 1984.
Printed in Great Britain.

0031-9422/84 $3.00 +0.00
© 1984 Pergamon Press Ltd.

MAGNESIUM IN THE BLUE PIGMENT COMPLEX COMMELININ*

K6sAkU TAKEDA, TAEKO Fuinl and MAayumr 1ipa

Department of Biology, Tokyo Gakugei University, Koganei, Tokyo 184, Japan

(Received 23 August 1983)

Key Word Index—Commelina communis; Commelinaceae; commelinin; magnesium; metallo-anthocyanin; flower

pigment.

Abstract—In the in vitro synthesis of commelinin from its component parts, awobanin, flavocommelin and Mg, the
yield of commelinin was shown to be proportional to the amount of Mg added and commelinin was not obtained in the
absence of Mg. The stabilities of commelinin and other metal complexes (Zn, Cd, Ni, Mn and Co-commelinins) in acidic
solutions (pH 2.4-5.2) were different from one another according to the metal present. Of the six blue complex pigments,
Ni- and Mg-commelinins were most stable, whereas Cd-commelinin was very unstable. On dialysis commelinin was
impermeable and even after dialysis ca 80 % of Mg in the pigment still remained. These facts indicate that Mg plays a
part in the formation of the stable blue complex commelinin.

INTRODUCTION

The blue pigment commelinin from flowers of Commelina
communis has been shown to be composed of three
components, awobanin (delphinidin 3-p-coumaroyl
glucoside 5-glucoside), flavocommelin (swertisin 4'-gluco-
side) and Mg by a series of experiments, i.e. component
analyses of pure commelinin from nature [1-5] and in
vitro synthesis of commelinin from three components [6].
Recently however, Goto et al. [ 7] reported the formation
of commelinin from a mixture of awobanin and flavocom-
melin, throwing doubt on the participation of Mg in the
formation of commelinin molecule. This investigation
was undertaken to obtain further information on the role
of Mg in this blue complex pigment.

RESULTS AND DISCUSSION

The effect of Mg on the formation of the stable blue complex
commelinin

To mixtures of awobanin and flavocommelin (1:2 in
mole ratio), magnesium acetate was added in various mole
ratios (0-1.5). After repeated evaporation of the solution
and re-solution of the residue in water as described
previously [6], commelinin formed in each reaction
mixture was separated from other material by passing
through a Sephadex column and quantitatively deter-
mined spectrophotometrically. As already described by us
[6], commelinin was not obtained without Mg. Moreover,
as shown in Fig. 1, the yield of the blue complex
commelinin changed according fo the amount of Mg
added. The yield of commelinin increased in proportion to
the amount of Mg. At the approximate Mg/awobanin
ratio of 0.5, which corresponds to the mole ratio in natural
commelinin [awobanin : flavocommelin: Mg (2:2:1)], the

*Part 4 in the series of “Metallo-anthocyanins”. For Part 3, see
ref. {9].
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Fig. 1. The effect of Mg on the formation of the blue complex
molecule of commelinin. Values are taken from the averages of
five separate experiments.

amount of commelinin formed reached a maximum.
These results indicate that Mg is essential in the formation
of the stable blue complex. Mg may play a role for
attracting awobanin-flavocommelin complexes as pro-
posed by Goto et al. [7].

The stability of commelinin and the magnesium replaced
blue complexes in acidic solution

In order to obtain further information on the role of
metals in commelinin, other metal complexes, i.e. Ni-, Cd-,
Zn-, Mn- and Co-commelinins were synthesized [8] and
the pH dependence of the absorption spectra of the blue
pigments was examined in buffer solutions of different pH
and in diluted HCI (0.1%/ and 1¢). As shown in Fig. 2,
Mg-commelinin (both natural and synthetic) showed a
stable blue colour even at pH 24 and exhibited two
absorption bands, Band I (A, 591 nm)and Band II (4,
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Fig. 2. Absorption spectra of Mg-commelinin in 005M  Fig 4. Absorption spectra of Ni-commelinin in 0.05M
citrate-phosphate buffer and in dilute HCl. Numbers indicate pH  citrate-phosphate buffer and in dilute HCl. Numbers indicate pH
values of the solutions. values of the solutions.

647 nm), in the visible region, while in diluted HCI the
solution changed to red and the absorption of the
flavylium cation appeared, 4,,,, 532 nm in 0.1 %, HCl and
Amax 523 nm in 1% HCI respectively. In contrast, Cd-
commelinin was very unstable in acidic solution (Fig. 3).
At pH 3.1, the absorbances of its two bands decreased
considerably and at pH 2.5, the solution became red and
showed one absorption maximum at 532 nm, which was
shifted to 523nm in 19, HCL The most stable blue
complex of the six was Ni-commelinin as shown in Fig. 4,
in which two bands were still clearly observed even in
0.1 % HCL. Thus, the stabilities of the six blue complexes in 0 L —_— 1 L 1
acidic solutions varied according to the metal involved in 500 600 700
complex formation (Fig. 5). These differences in stability Wave length (nm)

as well as the spectral differences [8, 9] according to the

metal involved confirm the view that metals are part of Fig. 5. Absorption spectra of the blue complex pigments, Mg-,
these complex molecules. Ni-, Cd-, Zn-, Mn- and Co-commelinins, in 0.05M citrate-

phosphate buffer, pH 2.6.
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Dialysis of commelinin with a cellophane membrane

On dialysis, commelinin was impermeable through a

cellophane membrane as described previously [1, 3]. The Table 1. Mg/awobanin mole ratio in the dia-
absorption spectrum of the dialysed pigment was actually lysed commelinin
identical with that of untreated commelinin. As shown in
Table 1, ca 809 of Mg in the pigment still remained after Mg/awobanin
Sample used (mg) mole ratio
6.6 0.37
9.1, 0.37
1% HCI 209 038
" y 8.3* 0.38
1% HCl .
g 01°% 5.2 Mean 0.38
Sost
'g Untreated commelinin 047
(7]
2 *Mg acetate (1.9mg) was added to the
sample before dialysis.
0 e
500 600 700  dialysis. Under the same conditions, a sart}ple to which
Wave length (nm) magnesium acetate was added before dialysis gave almost

the same result. Since commelinin is gradually decom-

Fig. 3. Absorption spectra of Cd-commelinin in 0.05M  posed in aqueous solution [10], a decrease of Mg may be
citrate-phosphate buffer and in dilute HCl. Numbersindicate pH  attributable to the decomposition of the blue commel{mn
values of the solutions. molecule. These facts show that Mg in the commelinin
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molecule is scarcely ionized in its aqueous solution. The
results obtained here indicate that the metal in com-
melinin plays an essential role in the formation of its
stable blue complex.

EXPERIMENTAL

Anthocyanin and flavocommelin. Awobanin chloride was pre-
pared from a crystalline specimen of commelinin as before {6].
Isolation and purification of flavocommelin were made according
to the method reported previously [4].

Formation of the blue complex pigment from awobanin, flavo-
commelin and Mg. The quinoidal base of awobanin (2 x 10~ M),
which was prepared from its chloride as before [11], was mixed
with an aq. soln of flavocommelin (4 x 10~ ¢ M). To several of
these solns Mg acetate was added to give final Mg/awobanin
mole ratios of 0~1.5 (0, 0.2, 0.3, 04, 0.5, 0.6, 0.8, 1.0, 1.5). Each
mixture was evaporated to dryness in vacuo, and the residue was
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re-dissolved in a small vol. of H,O. Evaporation of the soln and

re-soln of the residue in H,O were repeated x 5. The blue aq. soln
was then passed through a Sephadex LH 20 column (1.5 x 18 cm)
using H,O as eluant. A blue fraction of complex pigment most
rapidly moving and easily separable from others was collected.
The quantity of blue complex pigment formed was determined by
measuring awobanin in the complex as described previously [5].

Commelinin and commelinin-like blue complex pigments.
Crystalline specimens of commelinin and commelinin-like blue
pigments synthesized previously [8] were used. The latter are the
magnesium replaced blue complexes, i.e. Ni-, Cd-, Mn-, Zn- and
Co-commelinins.

Absorption spectra of the blue pigments in buffer soins or in
dilute HCl. Each blue pigment was dissolved in 0.05M
citrate—phosphate buffer (pH 2.4, 3.0,4.0and 5.0) or in dilute HCI
(0.19 and 1%) in 100 mg/1. After standing for 10 min at room
temp., absorption spectra were measured on a spectrophoto-
meter (light path length of 3 mm) and then pH values of the solns
were measured.

Dialysis of commelinin. Commelinin (ca 6-20 mg) was dissolved
in a small amount of H,O and the soln was dialysed for 24 hr
through a cellophane membrane (Visking Cellulose Tubing)
against 11 of distilled H,O under stirring at 5°. During the
procedure the water was renewed x 8. The sample containing
added Mg acetate (1.9 mg) was also dialysed under the same
conditions. The blue dialysed soln was subjected to spectro-
photometric determinations of Mg and awobanin as described
previously [5].
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