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Enzymatic Synthesis of [3'-O-Methyl-*H]malvidin-3-glucoside
from Petunidin-3-glucoside

ALEJANDRO ZIMMAN AND ANDREW L. WATERHOUSE*

Department of Viticulture and Enology, University of California, Davis, California 95616-8749

Malvidin-3-glucoside has been labeled by enzymatic synthesis in a single-step experiment. Catechol-
O-methyl transferase catalyzed the B-ring methylation of petunidin-3-glucoside, and S-Adenosyl-L-
[methyl-3H] methionine was the methyl donor. Solid phase extraction and preparative high-performance
liquid chromatography were necessary to separate [3'-O-methyl-*H]malvidin-3-glucoside from an
isomer and the starting material. The specific activity was 2.2 Ci mmol~1, and the yield of incorporation
was 1.1%. A possible application of the labeled material is the study of anthocyanin reactions in
complex mixtures such as red wine where products are difficult to isolate and analyze.
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INTRODUCTION mercially available with eithetH or 1C in the donating methyl
group. Several papers have described the methylation in vitro
of different phenolic compounds by this enzyn&-(0), but

there are no reports where anthocyanin has been used as a

Anthocyanins are glycosides of polyhydroxy and poly-
methoxy derivatives of 2-phenylbenzopyrilium. These com-

f [ fruit fl th i
pounds are found in many fruits and flowers, and they provide substrate. Interestingly, Miyazawa and collaboratdrk) (de-

colorful pigmentation to many plants. Anthocyanins are ingested > o T e . .
by humans from fruits, vegetables, or after food processing in ;crlbed the methylatlon.ln vivo of cygnldln-s-gluco&de admin-
such products as red wine or juices. There is also a Strong|stered to rats to peonidin-3-glucoside, presumably catalyzed

interest in anthocyanins as a source of natural food colorantsby COMT. . . . -
). The purpose of this study was to obtain radiolabeled malvidin-

Malvidin-3-glucoside is one of many anthocyanins found in 3-g|_ucoside Wif[h modergtely high .SpeCiﬁC activity, from rea(_jily
nature, and it is the major anthocyanin\iitis vinifera grapes available starting materials, and in the fewest steps possible.

and therefore in red wine). For many years, it has been
known that anthocyanin concentration decreases during wineMATERIALS AND METHODS
aging @), but the type of reactions, the kinetics, and the reaction  Chemicals. An amount of 1 mCi ofS-adenosyi-[methyl3H]-
products remain to be fully characterized. Radioactivity tracing methionine contained in a solution of 10 mM$0;:ethanol (9:1) with
of anthocyanins can provide a new approach to study the & specific activity of 15 Ci mmot* (555 Gbq mmol?) was purchased
chemical fate of these compounds. from New England Nuclear (Boston, MA). Tris-buffex,-dithiothreitol

A synthetic method for unlabeled malvidin-3-glucoside was (PTT). MgCl, and cathecol-O-methyl transferase from porcine liver
reported in 1931 starting from syringic acid and followed by were purchased from Sigma (St. Louis, MO). Petunidin-3-glucoside

. . . and malvidin-3-glucoside were purchased from Polyphenols SA
many steps4). Radiolabeled anthocyanins have been obtained (Sandnes, Norway). Petunidin-3-glucoside contained malvidin-3-glu-

from cell cultures using [#C]-L-phenylalanine (5) or by  cosige and peonidin-3-glucoside as minor impurities. Ultima Gold

incubation of plants with*4CO, (6). This type of labeling (scintillation fluid) and tritiated water, used as internal standard, were

requires working with living tissues, and the dilution of labeled purchased from Packard (Meriden, CT).

precursor by endogenous metabolite pools inevitably results in  S-Adenosylt-[methyt¥H]methionine in sulfuric acid and ethanol

low specific activity. solution (0.55 mCi mLt) was evaporated under,lih a water bath at
Catechol-O-methyl transferase (COMT) is an enzyme (EC 25 °C to dryness. Inmediately after, it was resuspended with;400

2.1.1.6) involved in the metabolism of catecholamines as well ©f 0-327 N NaOH and added to a solution containing:&00f 600

as detoxification of phenolic compounds coming from plant ™M Tris-HCl buffer (pH 8.3 at 25C), 104L of 24 mM MgCl, 10

. L of 80 mM DTT, 30uL of 12.6 mM petunidin-3-glucoside, and
sources (7). The catechol substrate is methylated at a meta o 000 units of COMT. The reaction mixture was incubated for 1 h at

para position relative to a rr_lolecular Iinkage_ to the main 37°C, and the reaction was stopped by the addition of 200f 1 N
structure. The enzyme requires Mgfor activity and is HCI and placement of the reaction vial in ice. The reaction mixture
commercially available from porcine liver. The methyl donor as then added to a C18 solid phase extraction cartridge (100 mg,
agent is S-adenosyl-methionine (AdoMet), which is com-  Supelco, St. Louis, MO) previously conditioned with 2 mL of methanol
followed by 2 mL of water. The stationary phase was then washed

* To whom correspondence should be addressed. Tel.: (530)752-4777.With 0.12 N HCl(aq), followed by methanol:water (1:4; 0.12 N HCI).
Fax: (530)753-0382. E-mail: alwaterhouse@ucdavis.edu. Petunidin-3-glucoside and its reaction products were collected with
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Figure 1. Chemical structure of petunidin-3-glucoside (1) and the Time (min)
methylation products obtained after incubation with COMT, malvidin-3- b as0xi0s - 3
glucoside (2) and an isomer (3). The flavylium structures shown are only o
present at low pH. ERR
S 250x10° -
£
5 200x10%
methanol:water (1:4; 0.12 N HCI). To calculate specific activity and ; 150x10° -
yield of the products, a small fraction (6%) was diluted with water S 1o0x10° 4 2
(1:1) and purified by preparative high-performance liquid chromatog- 3 50x10°
raphy (HPLC) with an analytical column. The instrument was a Hewlett-
Packard 1090 Series Il (Palo Alto, CA). The column was a Luna C18-2 0 0 1'0 1'1
(particle size 5um, 250 mmx 4.6 mm) purchased from Phenomenex
(Torrance, CA) and protected with a guard column (4 RN mm) Time (min)
containing the same material. Injection volume was 200and eluent  Figure 2. (a) HPLC chromatogram at 520 nm of the reaction mixture

vwvﬁ; r;%’gﬁ‘;riig‘;:so a‘)dtﬁﬁgonrg‘ég:;z Zét(jhevit‘ésre(sof"z g'_gg”;g)rzdr:zmwith petunidin-3-glucoside (1) eluting first, followed by malvidin-3-glucoside

(B) trifluoroacetic acid:water:acetonitrile (0.25:17.75:80). The flow rate E]nga:i:;e E;:rsggqiién?v'd;nos.glx_ci s'ldi;ssqgéer(g)H'\gizli:r;;.grl;c?g Igg

was 0.8 mL min?; linear gradients were from 25 to 40% B for 15 . u u yp onicl gu 1de. 'ons {©

min, 40 to 80% in 0.5 min, 80% for 2 min, followed by reequilibration MM 0.04 mL) were c_olk_acted_ in the_ region of_ interest, and th_e radioactivity

of the column. Malvidin-3-glucoside (retention time 9.4 min) and the Was calculated by liquid scintilation counting expressed in counts per

other reaction product (retention time 10 min) were collected with a Mminute.

Gilson fraction collector model 202 (Middleton, WI), collecting

fractions every 0.05 min. A 0.1 N HCI solution (32Q) was added to Anthocyanins exist in different forms depending on the pH

all of the fractions to increase the sample volume. A small volume (13). At low pH, the flavylium form is favored, but at pH 8.0

from each fraction was then measured for radioactivity and compared (the reaction pH used here), most of the anthocyanin is in the

to the HPLC chromatogram to determine which fractions contained pseudobase (or carbinol) form, the chalcone form, and the

[3'-O-met_hyI3H]mal\/_|d|n-3-gluc03|de. _ ) quinonoidal form. In addition, at this high pH and 3T,
Analysis. The radioactivity of all samples was determined using a anthocyanins degrade very quickly. For that reason, conditions

Packard Tri-Carb liquid scintillation analyzer model 2000 (Meriden, were optimized to obtain the maximum amount of methylation

CT) by adding 10 mL of scintillation cocktail to all samples. The duct in the shortest i ible. Another limiting factor |
amount of radioactivity for specific activity calculation was determined product in the shortest ime possible. Another fimiting factor Is.
by the internal standard method by adding known amounts of tritiated the reduced amount of labeled AdoMet that can be used in
water to the sample to calculate efficiency (12). radiosynthesis. Therefore, a high enzyme concentration (5000
[3'-O-Methyk*H]malvidin-3-glucoside and the isomer concentration Units mL™%) and high substrate concentration were used to

were calculated spectrophotometrically based on malvidin-3-glucoside maximize yield. High buffer capacity was also important to

standard in a 0.1 N HCI solutioi ax = 520 nm andt = 36 600 M make sure that acid in the reagent solution, or the base to
cm?). The spectrophotometer was a Hewlett-Packard 8452A Diode neutralize it, did not affect the final pH.
Array, used with UV—visible ChemStation A.08.03 software. Solid phase extraction gave clean separation of anthocyanins

LC/mass spectrometry was performed on a Hewlett-Packard 1100 from the other reagents includinmgthyt3H]AdoMet. Because
Series LC/MSD system with ES/API source in positive mode Using 5t the low mass of product, it was possible to perform a

the LC conditions described above. Gas temperature waX35flying preparative HPLC with an analytical column that separated
gas was 10 L mint, nebulizer pressure was 60 psi, and capillary voltage - - . g
was 4000 V. malvidin-3-glucoside from the other anthocyanins. Initial pre-
parative work was attempted with a LiChrospher RP-18 column.
With this type of column, malvidin-3-glucoside eluted after the
isomer, which inevitably caused contamination. A Luna C18-2
Initial experiments with unlabeled AdoMet (not shown) column inverted the order of elution, malvidin-3-glucoside being
indicated that petunidin-3-glucoside can be methylated at the the first to elute Figure 2a). Fractions containing [30-methy}
two hydroxyl groups in the catechol groupigure 1). The SH]malvidin-3-glucoside Figure 2b) were combined to calcu-
reaction yields the desired product (malvidin-3-glucoside) and late specific activity based on absorbance and radioactivity.
presumably an isomer of malvidin (3-hydroxy 4,5-dimethoxy),  On the basis of spectral quantification of the labeled product
a product not described previously in the literature. This isomer with a pure standard and total radioactivity measured by internal
has the same mass-to-charge ratio as malvidin-3-glucositie (M standard addition, the specific activity was 2.2 Ci mmdbr
= 493) by electrospray mass spectrometry but a different [3'-O-methyt®H]malvidin-3-glucoside, and 7.9 Ci mmdiwas
retention time. Assignment of malvidin-3-glucoside was con- estimated for the isomer. The reduction in specific activity for
firmed by coinjection with a pure standard. [3'-O-methylfH]malvidin-3-glucoside from 15 Ci mmot in

RESULTS AND DISCUSSION
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the [methyRH]Adomet starting material is mainly due to the (3) Nagel, C. W.; Wulf, L. W. Changes in the anthocyanins,

presence of malvidin-3-glucoside in petunidin-3-glucoside start- flavonoids and hydroxycinnamic acid esters during fermentation
ing material. In addition, minor contamination of the product and aging of Merlot and Cabernet Sauvignam. J. Enol. Vitic.
may slightly lower the specific activity. The low specific activity 1979,30, 111-116.

of the isomer may be caused by a different molar absorptivity ~(4) Levy, L. F.; Posternack, T.; Robinson, R. Experiments on the
as no standard is available. The overall yield dt@8methyl- Synthesis of the Anthocyanins. Part VIII. A synthesis of OEnin
3H]malvidin-3-glucoside was 0.011 mCi indicating a 1.1% Chloride.J. Chem. Socl931, 2701-2715.

(5) Krisa, S.; Teguo, P. W.; Decendit, A.; Deffieux, G.; Vercauteren,
J.; Merillon, J.-M. Production of*C-labelled anthocyanins by
Vitis vinifera cell suspension cultureBhytochemistry1999,51,
651—656.

(6) Livingston, G. E.; Markakis, P. Biosynthesis of pelargonidin-
3-monoglucoside-C145ciencel956,124, 28-29.

(7) Borchardt, R. T. Catechol O-methyltransferdgethods Enzy-
mol. 1981,77, 267—272.

(8) Frazer, A. C.; Bossert, |.; Young, L. Y. Enzymatic aryl-O-methyl-
14C labeling of model lignin monomeréppl. Environ. Micro-

incorporation from the original 1 mCi ofhjethyl3H]AdoMet.
For the isomer, the amount synthesized was 0.087 mCi, an 8.7%
incorporation.

Attempts to recycle thenfiethyl®H]JAdoMet that eluted with
acidified water from the solid phase extraction to a follow-up
reaction were not successful. On a related subject, an alternative
to [methyt3H]AdoMet is [methyl#*C]AdoMet, which would
generate [30-methyl4C]malvidin-3-glucoside, but conditions
need to be optimized.

An important consideration is the rapid degradation of biol. 1986,51, 80-83.
phenolic compounds in a dilute solution. It is advisable to do  (9) zhu, B. T.; Ezell, E; Liehr, J. G. Catechol-O-methyltransferase-
the enzymatic synthesis and purification right before the product catalyzed rapid O-methylation of mutagenic flavonoids. Meta-
is used. It is possible to store the sample after solid phase bolic inactivation as a possible reason for their lack of carcino-
extraction. The best storage conditions observed include an genicity in vivo.J. Biol. Chem.1994,269, 292—299.
acidic solution with a high percentage of methanol and high (10) zhu, B. T.; Patel, U. K.; Cai, M. X.; Conney, A. H. O-
phenolic concentration (petunidin-3-glucoside) at'G and Methylation of tea polyphenols catalyzed by human placental
excluding oxygen. However, the purified product cannot be cytosolic catechol-O-methyltransferaderug Metab. Dispos.
stored due to breakdown, presumably from oxidation. 2000,28, 1024—-1030.

Therefore, [30-methyt*H]malvidin-3-glucoside can be used ~ (11) Miyazawa, T.; Nakagawa, K.; Kudo, M.; Muraishi, K.; Someya,
to study the chemical fate of anthocyanins. An important K. Direct intestinal absorption of red fruit anthocyanins, cyanidin-
advantage of the labeled material is that chemical transformation ~ 3-glucoside and cyanidin-3,5-diglucoside, into rats and humans.
of anthocyanins into new products with no color, polymerization, J. Agric. Food Chem1999,47, 1083-1091. =
or degradation products can still be traced. (22) L’Annunmatg, M. F.; Kessler, M. J._ Rad_lotracer Ilquld scintil-

lation analysis. I'Handbook of Radioactity Analysis; L’An-
ABBREVIATIONS USED nunziata, M. F., Ed.; Academic Press: San Diego, 1998; pp-209
COMT, catechol®-methyl transferase; AdoMeS-adenosyl- 329.
L-methionine. (13) Brouillard, R. Chemical structure of anthocyaninsAltthocya-
nins as Food Colors; Markakis, P., Ed.; Academic Press: New
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