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Abstract—The acyltransferase from blue flowers of Centaurea cyanus containing succinylated cyanidin 3,5-diglucos-
ides catalysed the transfer of the succinyl moiety from succinyl-CoA to 3-glucosides of cyanidin and pelargonidin, but
not to 3,5-diglucosides. Similar results were obtained using the enzyme from pink flowers containing succinylated
pelargonidin 3,5-diglucosides. The enzyme also catalysed these anthocyanidin 3-glucosides to malonylate at nearly the

same rate as succinylation.

INTRODUCTION

Until now, aliphatic acylation of anthocyanins has been
demonstrated enzymatically with malonyltransferase in
flowers of Callistephus chinensis [1] and Dendranthema
morifolium [2], and also with acetyltransferase in those of
Zinnia elegans [3]. The acyltransferase in these plants
catalyses the aliphatic acyl transfer from a respective
CoA-ester to the sugar moiety of anthocyanins, leading in
an analogous manner to aromatic acylation [4, 5]. In
Zinnia containing cyanidin 3,5-diglucosides (Cy 3G5G)
and pelargonidin 3,5-diglucoside (Pg 3G5G) acylated
with acetic acid, evidence that the acylation of anthocyan-
idin 3-glucoside preceeds 5-O-glucosylation has also been
obtained by analysis of substrate specificity of the acyl-
transferase [3]. In addition, the analysis of acyltransfer-
ase from flowers of Dendranthema [2] and Zinnia [3]
provides information that a considerable amount of the
enzyme is synthesized even in acyanic flowers, implying
that a gene for the acyltransferase is expressed independ-
ently of anthocyanidin biosynthesis in these plants.
Among aliphatic acylation of anthocyanins, the occur-
rence of succinylation appears to be rare in nature, and to
be restricted to the tribe Cynareae of the Compositae
[6, 71. In Centaurea cyanus, blue and pink flowers were
found to contain succinylated 3,5-diglucosides of cyan-
idin (Cy 38G5G) {8, 9] and pelargonidin (Pg 3SG5G)
[10], respectively. The acyltransferase of this plant, how-
ever, has not yet been elucidated. We now report the
enzymatic properties and distribution of the succinyltran-
sferase in cyanic and acyanic flowers of C. cyanus.

tAuthor to whom correspondence should be addressed.
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RESULTS AND DISCUSSION

HPLC analysis revealed a new product to be formed in
the reaction mixture when crude extracts from blue
flowers of Centaurea cyanus cv Kanzaki-yae were incu-
bated with cyanidin 3-glucoside (Cy 3G) and succinyl-
CoA as substrates (Table 1). The R, of this product was
higher than the substrate on HPLC and the R, value of
the product differed from any authentic anthocyanins
used. Two intermediates, Cy 3G and cyanidin (Cy) were
obtained by the controlled acid hydrolysis. The alkaline
hydrolysis gave information for the presence of succinic
acid in the product by TLC. All evidence obtained is
compatible with the formation of cyanidin 3-succinylglu-
coside (Cy 38G) by the acyitransferase. In addition, when
pelargonidin 3-glucoside (Pg 3G) was used as the sub-
strate, another product was found by HPLC and TLC
analyses (Table 1). The product corresponds to pelargoni-
din 3-succinylglucoside (Pg 3SG) in a similar manner. On
incubation of malonyl-CoA as an acyl donor and Cy 3G
or Pg 3G, the co-chromatographic analysis on HPLC for
the product indicated that each of these anthocyanins was
acylated to form cyanidin- or pelargonidin 3-malonylglu-
coside.

The acyltransferase showed maximum activity at pH 7
with half maxima at pH 5.5 and 8.6. Calculated E, was 69
and 176 kImol~* following denaturation. These values
are similar to those for malonyltransferase [2] and acetyl-
transferase [3]. The acylation was saturated with Cy 3G
or Pg 3G at 500 uM, and with succinyl- or malonyl-CoA
at 600 and 200 uM, respectively. The acylation reaction
was not stimulated by any divalent ions tested, but rather
inhibited by some of them; our results showed 71%
inhibition by Cu?* and about 30% by either Zn%~ or
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Table 1. Chromatographic properties of anthocyanin produced by the acyltransferase reaction

R, 100 in
- R,

Compound AHW BAW BuHC! 10F EAA ETN (min)
Reaction product 1* 23 52 30 22 29.1
Deacylated product of 1 and Cy 3Gt 17 39 14 18 20.8
Hydrolysates of 17

Hydrolysate I and Cy 3G 20 20.8

II and Cy 8 16.5

Reaction product 2* 60 62 77 56 317
Deacylated product of 2 and Pg 3G+t 48 57 43 47 23.4
Hydrolysates of 2t

Hydrolysate I and Pg 3Gt 35 234

Il and Pg 14 20.0

Acylating acid of 1 or 2 and 69 87 16
succinic acid¥
Related anthocyanins

Cy 3G5G 30 21 5 36 159

Cy 3SG5G 57 41 20 60 219

Pg 3G5G 74 55 20 77 19.3

Pg 3SG5G 97 59 41 98 231

*Reaction products 1 and 2 refer to anthocyanins obtained using Cy 3G and Pg 3G as substrates, respectively.
+Deacylated products and controlled acid hydrolysates were analysed by co-chromatography.

Table 2. Specific activity of acyltransferase in cyanic and acyanic flowers of Centaurea
cyanus cv Kanzaki-yae

Major anthocyanin (%)}*

Specific activity (107! x pkat ug~ ')

Substrate
Succinyl-CoA Malonyl-CoA
Flower s . - R ——
colour Cy 38G5G  Pg3SG5G Cy3G Pg3G Cy3G PgiG
Blue 72 NDft 6.5 5.5 9.0 6.3
Pink ND 69 6.2 4.6 83 6.5
White ND ND 0.1 < 0.1 0.1 0.1

*Content of anthocyanins extracted from flower petals with 50% HOAc was

determined by HPLC.
TNot detected.

Hg?*. No significant effect was found for enzyme in-
hibitors of diethylpyrocarbonate, diethyldithiocarbamate
and N-ethylmaleimide.

Crude extracts were prepared from flower buds of blue,
pink and white flowers in Centaurea cyanus cv Yaezaki
and Kanzaki-yae. These preparations were examined for
specific activity using various substrates, i.e. Cy 3G or Pg
3G as anthocyanins and succinyl-CoA or malonyl-CoA
as acyl donors. The specific activity range was similar for
the two cultivars. Thus, for simplicity, only the results for
cv Kanzaki-yae are shown in Table 2. Regardless of the
anthocyanin or acyl donor used as substrates, the specific
activity was equally high in the extracts from cyanic
flowers, irrespective of flower colour or type of major
anthocyanin contained in the flowers. In contrast, the
activity in the extracts from acyanic flowers was remark-

ably low (less than 2%) compared to cyanic flowers under
any assay system. This result differs from that obtained in
Dendranthema [2] and Zinnia [3], because a considerable
amount of catalytically active acyltransferase was sup-
posed to be synthesized even in acyanic flowers of these
plants. It, therefore, implies that acylation of anthocyan-
ins in flowers of Centaurea depends on the gene ex-
pression for the anthocyanidin biosynthesis as opposed
to Dendranthema and Zinnia.

The Cy 3G and Pg 3G are nearly equivalent substrates
for the acyltransferase (Table 2). In addition to these
monoglucosyl anthocyanins, the 3,5-diglucosides of cyan-
idin and pelargonidin were examined for substrate speci-
ficity, and were not found to function as substrates.
Cyanic flowers contain succinylated 3,5-diglucosides of
anthocyanidin as a major anthocyanin [8-10] (Table 2).
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Therefore, the results obtained above indicate that the
acylation of anthocyanidin 3-glucosides preceeds 5-O-
glucosylation in the flowers of this plant as reported in
Petunia hybrida [11, 12] and Zinnia elegans [3].
Although a cyanidin 3-malonylglucoside was found in
the leaves of blue flowered-Centaurea cyanus and cell
cultures derived from stem of this plant [ 13], no malonyl-
ated anthocyanin has as yet been reported in its flowers.
Thus, it is interesting that the acyltransferase extracted
from cyanic flowers was found to catalyse the malonyl-
ation of anthocyanidin 3-glucosides at almost the same
rate as succinylation. It, however, remains to be deter-
mined whether the catalytic activity of succinylation and
malonylation comes from the same or different enzymes.

EXPERIMENTAL

Plant material. Flower buds of Centaurea cyanus cv
Yaezaki and Kanzaki-yae were collected from a farm at
Minami-Kyushu University.

Chemicals. Aliphatic CoA-esters were purchased from
Sigma. Anthocyanins were isolated as described pre-
viously [14], and were further purified by preparative
HPLC using an inertsil ODS-2 column (GL Science) and
HOAC solvent system.

Enzyme preparation. Enzymes were prepared from the
petals of flower buds essentially by the same methods
described previously [2].

Enzyme assay. The standard reaction mixture contain-
ed, in a total volume of 100 ul, 10 ul enzyme extract.
500 uM Cy 3G or Pg 3G, 600 uM succinyl-CoA, and
80 ul of 0.1 M KPi buffer (pH 7) containing 10 mM 1-
cysteine. After incubation of the reaction mixture for
20 min at 35°, the reaction was stopped by the addition of
50 ul CHCl;-MeOH (5% HCO,H) (2:1), resulting in a
Folch partition [15]. The upper phase was allowed to
lyophilize before analysis.

Characterization of enzyme. Crude extracts from pink
flowers of cv Kanzaki-yae were examined for optimum
pH, E,. and effects of divalent ions (I mM) or enzyme
inhibitors (I mM) using succinyl-CoA and Pg 3G as
substrates. The determination of optimum pH was per-
formed using buffers of 0.1 M KPi (pH 5-7.5)or 0.1 M
K,Pi (pH 8-9.5, adjusted with 1 M KOH) containing
10 mM L-cysteine. Except for the saturation test for
substrates, all measurements including the analysis of
substrate specificity were made on reaction mixtures in
saturated concentrations of each substrate.

Analytical methods. Anthocyanins were analysed by
HPLC, and also in part by TLC. HPLC analysis was
carried out by the same methods described in detail
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previously [3]. TLC was performed on micro-crystalline
cellulose plates (Avicel SF, Funakoshi) in six solvents,
AHW (HOAc¢-HCI-H,0) (15:3:82), BAW (n-BuOH-
HOAc-H,0) (6:1:2), BuHCI (n-BuOH-2 M HCI) (1:1),
10F (HCO,H-H,0) (1:9), EAA (EtOAc- HOAc-H,0)
(3:1:1), ETN (EtOH-NH_OH -H,0) (16:1:3). Deacyl-
ation of the pigment purified from reaction products was
conducted as described in ref. [14]. Controlled acid
hydrolysis of the pigment was performed in 2 M HCl at
60 for 30 min. Hydrolysates were analysed by HPLC
and TLC. The protein was determined by the method of
ref. [16].
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