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Probing Anthocyanin Profiles in Purple Sweet Potato Cell Line
(Ipomoea batatas L. Cv. Ayamurasaki) by High-Performance
Liquid Chromatography and Electrospray lonization Tandem

Mass Spectrometry
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A purple line cell line (PL) generated from the storage root of purple-fleshed sweet potato (Ipomoea
batatas L.) cv. Ayamurasaki produces a complex mixture of anthocyanins, and seven major
anthocyanins have been isolated and identified to date. All these anthocyanins are exclusively cyanidin
or peonidin 3-sophoroside-5-glucosides and their acylated derivatives. High-performance liquid
chromatography (HPLC) coupled to photodiode array (PDA) detection and electrospray ionization
tandem mass spectrometry (ESI-MS/MS) on a triple quadrupole instrument was employed to further
investigate the anthocyanin composition of the PL extract. Precursor-ion analysis, product-ion analysis,
and selected reaction monitoring (SRM) MS/MS experiments were conducted sequentially to screen
and characterize anthocyanins in the aqueous extract of the PL cell line. Precursor-ion analysis
specifically detected the molecular cations of each category of anthocyanins by scanning the
precursors of anthocyanidins (cyanidin, peonidin, and pelargonidin). The detected molecular cation
of each anthocyanin was fragmented using product-ion analysis by collisionally activated dissociation
(CAD). MS/MS using SRM detection was conducted to further confirm the fragmentation observed
during product-ion analysis. In comparison to the commonly used product-ion analysis technique,
the combined use of precursor-ion analysis, product-ion analysis, and SRM is particularly useful for
positive identification of anthocyanins in complex matrixes and provides important information to
confirm the proposed structures. Twenty-six anthocyanins were detected and characterized in the
aqueous extract of the PL cell line. Several anthocyanins, including two pelargonidin derivatives,
were tentatively identified for the first time in these cells.
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INTRODUCTION Previous studies demonstrated that acylated anthocyanins
exhibited higher thermostability. 8) and enhanced antioxidative
(14, 15) and antimutagenic activitied,(5). The storage roots
of a purple-fleshed sweet potatipgmoea batatat.) cultivar
“Ayamurasaki” accumulate mono- and diacylated anthocyanins
at high levels (16.17). A cell line (PL; purple line) derived
from the Ayamurasaki storage root was found to contain a
complex mixture of anthocyanind &), exhibiting potent anti-
mutagenic activity against Trp-P-1 and inhibition of the
proliferation of HL-60 cells {9). When the cell line is cultured
under controlled conditions to enhance pigment production,
accumulation of cell line specific anthocyanins has been
observed (1820). The major cell line specific anthocyanins
have been identified2(, 22) using high-performance liquid
chromatography (HPLC) and nuclear magnetic resonance
*To whom correspondence should be addressed. Tel: (614)-292-2934; spectroscopy (NMR). Other anthocyanins have not been identi-
fax; (614).292-4233; e-mail: schwartz. 177@osu.edu. fied because of their presence in the crude cell line extract at

T The Ohio State University. - e :
*Food Science Australia. very low levels. Chemopreventive qualities of anthocyanins are

Anthocyanins represent a group of water-soluble phenolic
compounds responsible for the blue, red, and purple colors of
many fruits and vegetables. More than 600 types of anthocyanins,
have been isolated from nature to date and cyanidin, delphinidin,
malvidin, peonidin, pelargonidin, and petunidin are the most
prevalent anthocyanins found in fruits and vegetabl&s (
Anthocyanins are present in almost all higher plants and have
been reported to exhibit several physiological functions, such
as antioxidativeZ, 3), antimutagenic4, 5), antidiabetic §, 7),
and anticarcinogenic activitie8,(9). As a result, anthocyanins
have been regarded as potentially functional food colorants
(10-12).
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Table 1. Mass Spectrometric Data of Anthocyanidinanins in PL Cell Line

MSIMS
precursor of
peak label? anthocyanins MW cyanidin mz287  peonidin miz301  pelargonidin miz271  fragmentions m/z
1 cyanidin 3-sophoroside-5-glucoside 773 X 611, 449, 287
2b cyanidin 3,5-diglucoside 611 x 449,287
3 pelargonidin 3-sophoroside-5-glucoside 757 X 5095, 433, 271
4 peonidin 3-sophoroside-5-glucoside 787 X 625, 463, 301
5 cyanidin 3-p-hydroxybenzoylsophoroside-5-glucoside 893 X 731, 449, 287
6 cyanidin 3-(6"-caffeoylsophoroside)-5-glucoside 935 X 773, 449, 287
7 peonidin 3-p-hydroxybenzoylsophoroside-5-glucoside 907 X 745, 463, 301
8 peonidin 3-caffeoylsophoroside-5-glucoside 949 X 787, 463, 301
9 cyanidin 3-(6"'-p-coumarylsophoroside)-5-glucoside 919 X 757, 449, 287
10 cyanidin 3-(6"-feruloylsophoroside)-5-glucoside 949 X 787, 449, 287
11 peonidin 3-(6"'-p-coumarylsophoroside)-5-glucoside 933 X 771, 463, 301
12 peonidin 3-(6""-feruloylsophoroside)-5-glucoside 963 X 801, 663, 301
13 pelargonidin 3-feruloylsophoroside-5-glucoside 933 X 741, 433, 271
14 unidentified 947 X 757, 477, 287
15 unidentified 977 X 787, 477, 287
16 cyanidin 3-(6", 6'"'-dicaffeoylsophoroside)-5-glucoside 1097 X 935, 449, 287
17 cyanidin 3-caffeoylsophoroside-5-glucoside 935 X 773, 449, 287
18 cyanidin 3-(6"-caffeoyl-6""'-feruloylsophoroside)-5-glucoside 1111 X 949, 449, 287
19 cyanidin 3-caffeoyl-p-coumarylsophoroside-5-glucoside 1081 X 919, 449, 287
20 peonidin 3-caffeoyl-p-hydroxybenzoyl-sophoroside-5-glucoside 1069 X 907, 463, 301
21 peonidin 3-caffeoylsophoroside-5-glucoside 949 X 787, 463, 301
22 peonidin 3-feruloyl-p-caffeoylsophoroside-5-glucoside 1127 X 965, 463, 301
23 cyanidin 3-feruloyl-p-coumarylsophoroside-5-glucoside 1095 X 933, 449, 287
24 cyanidin 3-(6", 6'"'-dicoumarylsophoroside)-5-glucoside 1065 X 903, 449, 287
25 peonidin 3-feruloyl-p-coumarylsophoroside-5-glucoside 1109 X X 947, 463, 301
26 peonidin 3-(6", 6""'-dicoumarylsophoroside)-5-glucoside 1079 X X 917, 463, 301
aSee Figure 2. b Peaks labeled in bold are detected for the first time in the PL cell line.
R cv. AyamurasakiZ7), was used for this study. Suspended cell cultures
' oH were initiated by transferring about 1.0 g fresh weight of callus to 50

mL liquid medium in 250-mL Erlenmeyer flasks. Basal Murashige and

Ho J < Skoog (MS) medium supplemented with 1.0 mg/L 2,4-dichlorophe-
@ - )3 noxyacetic acid (2,4-D) and 3% sucrose was used to multiply the
3 3 o ’§§'§H cultures. Subcultures were done at 7-day intervals. The cultures were
Ho o P o2 OH incubated on a rotary shaker (130 rpm) at 26 in the dark.
%%4/ o Subsequently, they were moved into a high-anthocyanin-producing
"o OH medium, which was a modified MS medium containing 9.4 mM KNO
RO~ 14 and 5% sucrose, without NNO3z; and growth regulators1g, 20).

Medium pH was adjusted to 5.8 before autoclaving. Five-hundred

Figure 1. Structure of anthocyanins isolated from purple-fleshed sweet milligrams of cell aggregates was placed in each 250-mL Erlenmeyer

potato (lpomoea batatas L.) storage root and PL cell line. Cyanidin: flask containing 50 mL medium. The cultures were harvested after 14
Ri = OH; peonidin: Ry = OCHs; Ry, Rs = H, p-hydroxybenzoic acid, days, and the aggregates were removed from the culture media, rinsed
caffeic acid, p-coumaric acid, and ferulic acid. with distilled water, and separated from the liquid by vacuum filtration.

Fresh aggregates were instantly frozen using liquid nitrogen and were
freeze-dried. The freeze-dried tissues were storee-2Q °C until
analyzed.

Extraction of Anthocyanins. Approximately 40 mg of lyophilized

governed by their molecular structures, @, 23), and for
potential application of cell line extracts as food colorants with

nutraceutical properties, complete knowledge of the extracts tissues was extracted two times with 10 mL deionized water containing

composition Is r,eq‘!'re‘?'- 5% formic acid and was vortexed for 2 min. The suspensions were
Electrospray ionization mass spectrometry (ESI-MS) and centrifuged at 4000 rpm for 10 min, and the supernatants were combined
tandem spectrometry (MS/MS) have been used as a powerfulang filtered through a 0.20m nylon filter.

technique for anthocyanin identification and characterization | ~ns/ms Analysis of Anthocyanins. HPLC analysis was per-

(24—26). In comparison to the most commonly used MS/MS  tormed using a Waters 2695 gradient HPLC separation module equipped
product-ion analysis technique, combined use of precursor-ionwith an autoinjector and a 996 photodiode array (PDA) UV/vis
analysis, product-ion analysis, and selected reaction monitoringabsorbance detector (Milford, MA). Separation was carried out on a
(SRM) tandem mass spectrometry (MS/MS) techniques is 150 x 3.0 mm i.d., 3u Atlantis dGs column (Waters Corporation,
particularly useful for screening anthocyanins in complex Milford, MA) at 35 °C. The solvent system consisted of a step gradient
biological samples. In the current study, this technique was from 95% A to 90% A in 20 min, to 78% A in 30 min, and then
applied to probe anthocyanin profiles in the PL cell line extract réturned o 95% A in 5 min (the total run was 55 min). Solvent A was

that has been reported to contain a complex mixture of formic acid:water (5/95, v/v) and solvent B was acetonitrile:formic acid
anthocyanins (95/5, viv). UV/vis spectra of anthocyanins were recorded from 200 to

600 nm using the in-line PDA detector. Mass spectrometry was
conducted on a triple quadrupole ion-tunnel mass spectrometer (Quattro
MATERIALS AND METHODS Ultima, Micromass Limited, Manchester, U.K.) equipped with a Z-spray
Plant Material. Callus culture of the PL cell line, previously  ESI source. Calibration of the mass spectrometer was performed using
established from the sweet potalpdmoea batatas..) storage root sodium iodide and cesium iodide. Instrument control and data analysis
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UV/Vis spectra
Peak
number ViS'MaX AUV»max / AVis-max Aacyl-max/ AVis-max A440/ AVis-max
(nm) (x100) (x100) (x100)

1 513 63 18
2 514 108 18
3 500 64 25
4 515 65 18
5 520 66 16 17
6 521 74 52 18
7 517 74 27 16
8 521 87 55 18
9 521 82 69 17
10 520 74 55 19
11 520 79 65 17
12 520 70 49 18
13 505 81 62 21
14 522 144 125 18
15 526 88 66 18
16 532 102 89 19
17 521 82 52 18
18 526 100 89 18
19 526 108 106 18
20 522 92 98 19
21 522 88 55 17
22 529 96 93 16
23 529 106 106 18
24 528 114 117 17
25 532 106 104 15
26 526 115 115 15

Figure 2. Representative HPLC chromatogram and UV/vis spectra of anthocyanins detected in the extract of PL cell line generated from the storage root
of sweet potato ([pomoea batatas L.) cv. Ayamurasaki.

were accomplished using Masslynx V3.5 software (Micromass Co. Ltd.,, RESULTS AND DISCUSSION

U.K.). Approximately 1/10 of the HPLC eluate (0.6 mL/min) separated . :
by a microsplitter valve (Upchurch Scientific, Oak Harbor, WA) was Previous research demonstrated that the PL suspension culture

delivered to the ESI source. Cyanidin 3-sophoroside-5-glucoside, one produced a comple?( ml?(ture of anthocyanins, which differed
of the major anthocyanins identified in the PL cell lin2l}, was from the anthocyanin mixture produced by the purple-fleshed
obtained from Prof. Norihiko Terahara (Minami-Kyushu University, Ayamurasaki storage root (cell line’s donor tissug)(To date,
Japan) and was used to tune the quadrupole mass analyzer for eacAany anthocyanins from the field-grown storage rdd<17)
MS/MS experiment. During MS/MS precursor-ion analysis, the condi- and seven major anthocyanins from the PL cell liag, 21,
tions of the mass spectrometer were optimized to produce the most22) have been isolated and identified. All these anthocyanins
abundant signals of both the daughter ion7287) and the precursor  gre exclusively cyanidin or peonidin 3-sophoroside-5-glucosides
ion (m/z773) (in approximately equal abundance). During product- (Figure 1) and their acylated derivatives. The anthocyanin
ion analysis, the collision energy was set to attenuate the Precursor yivture produced by field-grown storage root consists of mainly

ions ~5009 imi i is : 4 . .
lons ~50% and was optimized for each compound of interest. This i, 1ateq anthocyanins acylated with caffeic, ferulic, and
collision energy was also used for the SRM experiments of the same hvd b : ids (15-17). | . th Il i

compound. Typical settings of the quadrupole analyzer were as ydroxybenzoic acids ( )- In comparison, the cell line

follows: capillary voltage, 3.0 kV; cone voltage, 35 V; radio frequency Produced a mixture containing nonacylated, monoacylated, and
lens 1 voltage (RF-1), 50 V; desolvation gas temperature,°€0at a diacylated anthocyanins acylated withcoumaric and caffeic
flow of 17 L/min; source temperature, 108; collision gas (argon)  acids (18,22, 27), exhibiting higher radical scavenging and
pressure, 7 psi; collision energy, 25~35 eV. antiproliferative activities (19).
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Figure 3. Tandem mass spectrometry (MS/MS) of cyanidin 3-sophoroside-5-glucoside using product-ion analysis and selected reaction monitoring (SRM).
(A) MS/MS spectrum obtained using product-ion analysis; (B) SRM of m/z 773 > 611; (C) SRM of m/z 773 > 449; (D) SRM of m/z 611 > 287.

To identify the minor anthocyanins accumulated by the PL useful for characterization of anthocyanidins glycosylated with
cell line, more sensitive and selective techniques are neededmore than two sugars or acylated substituents. For example,
In comparison to nuclear magnetic resonance spectroscopycollisionally activated dissociation (CAD) of the molecular
which requires tremendous work to purify compounds of interest cation of standard cyanidin 3-sophoroside-5-glucoside produced
before characterization, HPLC coupled to a PDA detector and fragment ions aim/z 611, 449, and 287Higure 3A). This
mass spectrometer possess a favorable advantage of diredragmentation can be incorrectly explained as a cyanidin
analysis of anthocyanins in complex matrixes with high triglycoside, since the three fragments could be the result of
selectivity and sensitivity. For an unknown sample, an LC/MS/ the successive loss of one hexose (162 u) from the molecular
MS analysis by scanning the precursors of each anthocyanidincation. However, MS/MS using SRM can specifically detect
allows the specific detection of molecular cations of all the fragmentation that occurred during CAD, thus providing
anthocyanins present in the sample (unpublished results). Byadditional information to help identify the glycosidic linkage
comparing to the~600 types of known anthocyanins in our in the structure. The transitions of/z773> 611 (Figure 3B),
database, the overall profiles of anthocyanin composition in the m/z773 > 449 (Figure 3C), andm/z611 > 287 (Figure 3D)
sample can be obtained. However, for anthocyanins not observed during SRM detection indicated the fragmentation of
characterized previously, other MS/MS experiments, such asthe molecule by loss of glucose and sophorose substituents from
product-ion analysis, common-neutral-loss analysis, and SRM, the molecular cation and loss of sophorose substituent from the
are helpful for tentative identification. For the PL cell line fragmentn/z 611, respectively. The considerably higher abun-
extract, six types of commonly found anthocyanins in fruits and dance ofm/z773 > 449 thanm/z773 > 611 illustrates that the
vegetables were screened by scanning the precursors of eackarger substituent (sophorose) is readily eliminated in compari-
anthocyanidin (cyanidin, delphinidin, malvidin, peonidin, pel- son to the smaller substituent (glucose), which is consistent with
argonidin, and petunidin) during LC/MS/MS. Three types of the fragmentation of most organic compounds during mass
anthocyanidins, cyanidin, peonidin, and pelargonidin, were spectrometry. However, only a trace/z611 > 449 (at least
detected in the PL cell line extracTgble 1 and Figure 2). 1000-fold lower in comparison to the other transitions occurring
The UV/vis spectra of each compound recorded by the in-line during MS/MS) was observed (data not shown), indicating that
PDA detector Figure 2) provided important spectroscopic the fragmentation of glycosidic bond within the sophorose is
characteristics, including visible maximum and the ratios of negligible. A similar finding was reported previousI26).
AUv-max 10 Avis—max Aacyl-maxt0 Avis—max andAsagt0 Avis—max Identical mass spectrometric fragmentation pattern, UV/vis
which can be used as important indexes for anthocyanin spectra, and HPLC retention time of peakralfle 1 andFigure
identification (28). However, because of the coelution of some 2) as the standard cyanidin 3-sophoroside-5-glucoside confirmed
anthocyanins, the assignment of each peak in the current studyits identity. Pelargonidin 3-sophoroside-5-glucoside (Figure 2
was primarily based on mass spectrometric data, as presenteéndTable 1), which has not been reported in the PL cell line,
in Table 1. exhibited a similar fragmentation pattern (Figure 4).

ESI-MS/MS using product-ion analysis has been previously = For monoacylated anthocyanins, the fragmentation between
used as an important tool for anthocyanin identification (26, the aromatic acid (caffeic acid, coumaric acid, ferulic acid, and
29, 30). However, MS/MS using SRM detection is particularly hydroxybenzoic acid) and sophoroside was barely visible.
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Figure 4. Tandem mass spectrometry (MS/MS) of pelargonidin 3-sophoroside-5-glucoside using product-ion analysis.

[773-caffeoylsophorose]*

-

[449-glucose]”
Pttt B

[M-caffeoylsophorose-glucose]”

[M-caffeoylsophorose]”

A [M-glucose]" %5 M
.

% 4‘[19
773
|

o 300 400 500 600 700 800 900 1000 OH
S m/z
g
E 100, g m/z 935>773
B %
<
2 0 A ;
£
©» 100+
| C
i m/z 9355449
° \
100 D m/z 935>287
%]
0l T T
10.00 20.00 30.00 40.00 50.00
Time (min)

Figure 5. Tandem mass spectrometry (MS/MS) of cyanidin 3-caffeylsophoroside-5-glucoside using product-ion analysis and selected reaction monitoring
(SRM). (A) MS/MS spectrum obtained using product-ion analysis; (B) SRM of m/iz 935 > 773; (C) SRM of m/z 935 > 449; (D) SRM of m/z 935 > 287.

Figure 5 shows the LC/MS/MS chromatograms of cyanidin
3-caffeoylsophoroside-5-glucosideigure 2) which has been
identified previously using NMR22). The molecular cation
(m/z935) was fragmented intm/z 773, 449, and 287 during
product-ion analysisHigure 5A). However, we only detected
m/z 935 > 773 (Figure 5B [M-glucosel’), m/z 935 > 449
(Figure 5C, [M-caffeoylsophorosé)), m/z935 > 287 (Figure
5D, [M-caffeoylsophorose-glucosg] as well asnz 449> 287
(loss of glucose) andVz 773> 287 (loss of caffeoylsophorose)

MS/MS spectrum of cyanidin 8+coumarylsophoroside-5-
glucoside Table 1) using product-ion analysis. This compound
has also been isolated and identified by previous researchers
(22). The fragmentations of the two glycosidic bonds (cyanidin-
glucose, cyanidin-sophorose) dominated the spectrum, while the
fragmentation between the sophorose and acylated coumaric acid
was negligible.

Although mass spectrometry and tandem mass spectrometry
provides important information for identification of anthocya-

(chromatograms not shown) using SRM detection. Only trace nins, the glycosylated and acylated positions cannot be deter-

m/z773> 611 andm/z773 > 449 signals were detected (data

mined. For this determination, other techniques are needed. For

not shown), indicating that the caffeoylsophorose substituent example, peaks 6 and 17 as well as 8 andT2ble 1) exhibited

was further fragmented with difficulty. As in the case of cyanidin

identical mass spectrometric data (molecular weight, fragmenta-

3-sophoroside-5-glucoside, the elimination of the larger sub- tion, and UV/vis spectra), but these two pairs of compounds
stituent (m/A35 > 449) produced a more abundant signal than were eluted at different time&igure 2). Previous studies using

the fragment resulting from loss of glucose/g 935 > 773)
(Figure 5C and5B).

NMR identified peaks 6 and 17 both as cyanidin 3-caffeoyl-
sophoroside-5-glucosides, however, the acylation occurred at

Diacylated anthocyanins exhibited similar fragmentation different glucoses of the sophoroside moiety. Peak 6 has been

behavior to monoacylated anthocyanif$gure 6 shows the

identified as cyanidin 33-(2-O-(6-O-(E)-caffeoyl-b-gluco-
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Figure 6. Tandem mass spectrometry (MS/MS) of cyanidin 3-di-coumarylsophoroside-5-glucoside using product-ion analysis.

pyranosyl)s- p-glucopyranoside)-8-/-p-glucopyranoside2?) where all reported anthocyanins are derivatives of cyanidin and
and peak 17 has been identified as cyanidin 3-O-(6-O-trans- peonidin 3-sophoroside-5-glucosidek5¢17). Anthocyanins
caffeoyl-2-0--glucopyranosys-glucopyranoside)-%3-3-glu- with less evolved molecular structure, pelargonidin 3-glucoside

coside (16). Similar differences in acylation profile could be and 3,5-diglucoside, have been reported for maroon flowers of
present for the two peonidin anthocyanins, peaks 8 and 21. Inpharbitis nil cultivars @3). Earlier we have reported suppression
addition, UV/vis spectra also provide valuable supporting of methylation of cyanidin to peonidin in the cell line, which
information which helps in the characterization of individual asyited in enhanced accumulation of cyanidin-based pigments
antho'cyanins .(Figure 2). In general, diacylated anthocyanins i culture in comparison to the field-grown storage roe)(
exhibited a higherAacyiaed peak/Avis-max value than mono-  Tpe apove findings suggest that during the PL cell line tissue
acylated anthocyanins. . o growth under in vitro conditions the activity of numerous

Furthermore, two unidentified minor cyanidin-based antho- enzymes of the anthocyanin-biosynthetic pathway is suppressed,
cyanins (peaks 14 and 15) were detected during LC/MS/MS ypije a tendency toward accumulation of pigments with a less
analyses (Figure 2). Both anthocyanins exhibited similar o, o\ a4 molecular structure is observed (19).

fragmentation behavior during MS/MS precursor-ion analysis . L
and product-ion analysisTable 1). The fragmentations of In conclusion, we have demonstrated a successful application
m/z 947 > 477 andmiz 977 > 477 indicated the possible of LC/MS/MS precursor-ion analysis, product-ion analysis, and

presence of coumarylsophorose and feruloylsophorose in theSRM for characterization of a variety of anthocyanins in the
structures of anthocyanins 14 and 15, respectively. However, crude extract of the PL cell line. Precursor-ion analysis and SRM
the loss of 190 u (m/@47 > 757 andm/z977 > 787) observed are important supplementary techniques to commonly used
for both anthocyanins during MS/MS needs to be further MS/MS product-ion analysis, providing valuable information
characterized. In addition, different UV/vis spectra were also to confirm the proposed structures deduced from product-ion
observed for the two compounds (Figure 2). analysis.

In the present study, we have detected 26 different antho-
cyanins in a crude mixture. Seven of them are reported for the | | TERATURE CITED
first time (Table 1). Among them, two are pelargonidin-based
anthocyanins: pelargonidin 3-sophoroside-5-glucoside and its (1) Torskangerpoll, K.; Andersen, O. M. Colour stability of antho-

acylated derivative pelargonidin 3-feruloylsophoroside-5-glu- cyanins in aqueous solutions at various pH valtesd Chem.
coside. Detection of pelargonidin-based anthocyanins in the 2004,89, 427-440.

storage root of purple-fleshed sweet potato and in the PL cell (2) Tsuda, T.; Ohshima, K.; Kawakishi, S.; Osawa, T. Oxidation
line has not yet been reported. Although not accumulated in products of cyanidin 3-O-f-D-glucoside with a free radical

initiator. Lipids 1996,31, 1259—1263.

(3) Pool-Zobel, B. L.; Bub, A.; Schroder, N.; Rechkemmer, G.
Anthocyanins are potent antioxidants in model systems but do
not reduce endogenous oxidative DNA damage in human colon
cells. Eur. J. Nutr.1999,38, 227—234.

(4) Yoshimoto, M.; Okuno, S.; Yoshinaga, M.; Yamakawa, O.;
Yamaguchi, M.; Yamada, J. Antimutagenicity of sweetpotato

the Ipomoea batatastorage root, the pelargonidin 3-sophoro-
side-5-glucoside and acylated derivatives were found in flowers
of more primitive strains of the subgenlysomoea such as
Pharabitis nil (Ipomoea nil) 81) andipomoea purpureg32),
where they were considered to be the analogous pigments to
cyanidin 3-sophoroside-5-glucoside and derivatives in other

forms oflpomoea Detection of pelargonidin-based anthocyanins (Inomoea batatgsroots.Biosci. Biotechnol. Biochen.999 63,

in the cell line extract may indicate that under in vitro conditions 537—541.

the activity of flavonoid 3'-hydroxylase is suppressed. (5) Yoshimoto, M.; Okuno, S.; Yamaguchi, M.; Yamakawa, O.
Peak 2 has been identified as cyanidin 3,5-diglucosiable Antimutagenicity of deacylated anthocyanins in purple-fleshed

1). This anthocyanin was not previously foundlinbatatas, sweetpotatoBiosci. Biotechnol. Biocher2001,65, 1652-1655.



Characterization of Anthocyanins in Sweet Potato Cell Line

(6) Matsui, T.; Ebuchi, S.; Kobayashi, M.; Fukui, K.; Sugita, K.;
Terahara, N.; Matsumoto, K. Anti-hyperglycemic effect of
diacylated anthocyanin derived frolpomoea batatagultivar
Ayamurasaki can be achieved through the alpha-glucosidase
inhibitory action.J. Agric. Food Chem2002,50, 7244—7248.

(7) Jayaprakasam, B.; Vareed, S. K.; Olson, L. K.; Nair, M. G.
Insulin secretion by bioactive anthocyanins and anthocyanidins
present in fruitsJ. Agric. Food Chem2005,53, 28-31.

(8) Kamei, H.; Kojima, T.; Hasegawa, M.; Koide, T.; Umeda, T.;
Yukawa, T.; Terabe, K. Suppression of tumor cell growth by
anthocyanins in vitroCancer Invest1995,13, 590—594.

(9) Hou, D.-X.; Kai, K.; Li, J.-J.; Lin, S.; Terahara, N.; Wakamatsu,
M.; Fujii, M.; Young, M. R.; Colburn, N. Anthocyanidins inhibit
activator protein 1 activity and cell transformation: structure-
activity relationship and molecular mechanisf@arcinogenesis
2004,25, 29-36.

(10) Timberlake, C. F.; Henry, B. S. Anthocyanins as natural food
colorants.Prog. Clin. Biol. Res1988,280, 107—121.

(11) Wrolstad, R. E. Anthocyanin$=T Basic Symp. Se(Natural
Food Colorantsp000,14, 237—252.

(12) Espin, J. C.; Soler-Rivas, C.; Wichers, H. J.; Garcia-Viguera,
C. Anthocyanin-based natural colorants: A new source of
antiradical activity for foodstuffJ. Agric. Food Chem2000,

48, 1588—1592.

(13) Yoshida, K.; Kondo, T.; Goto, T. Unusually stable monoacylated
anthocyanin from purple yamioscorea alataTetrahedron Lett.
1991,32, 5579—5580.

(14) Oki, T.; Osame, M.; Masuda, M.; Kobayashi, M.; Furuta, S.;
Nishiba, Y.; Kumagai, T.; Sato, T.; Suda, I. Simple and rapid
spectrophotometric method for selecting purple-fleshed sweet
potato cultivars with a high radical-scavenging activByeed.
Sci.2003,53, 101—107.

(15) Moriyama, H.; Morita, Y.; Ukeda, H.; Sawamura, M.; Terahara,
H. Superoxide anion-scavending activity of anthocyanin pigment.
Nippon Shokuhin Kagaku KaisgD03,50, 499—505.

(16) Goda, Y.; Shimizu, T.; Kato, Y.; Nakamura, M.; Maitani, T.;
Yamada, T.; Terahara, N.; Yamaguchi, M. Two acylated
anthocyanins from purple sweet potaRhytochemistry1997,

44, 183—186.

(17) Odake, K.; Terahara, N.; Saito, N.; Toki, K.; Honda, T. Chemical
structures of two anthocyanins from purple sweet potato,
Ipomoea batatasPhytochemistry1992,31, 2127—-2130.

(18) Konczak-Islam, I.; Okuno, S.; Yoshimoto, M.; Yamakawa, O.
Composition of phenolics and anthocyanins in a sweet potato
cell suspension culturéBiochem. Eng. J2003,14, 155—161.

(19) Konczak-Islam, I.; Yoshimoto, Y.; Hou, D.; Terahara, N.;
Yamakawa, O. Potential chemopreventive properties of antho-
cyanin-rich agueous extracts from in vitro produced tissue of
sweetpotato (Ipomoea batatas). J Agric. Food Chem2003,

51, 5916—5922.

(20) Konczak-Islam, I.; Nakatani, M.; Yoshinaga, M.; Yamakawa,
O. Effect of ammonium ion and temperature on anthocyanin
composition in sweet potato cell suspension culturéant
Biotechnol.(Tokyo) 2001,18, 109—117.

(21) Terahara, N.; Konczak-Islam, |.; Nakatani, M.; Yamakawa, O.;
Goda, Y.; Honda, T. Anthocyanins in callus induced from purple
storage root of Ipomoea batatas RPhytochemistry200Q 54,
919-922.

J. Agric. Food Chem., Vol. 53, No. 16, 2005 6509

(22) Terahara, N.; Konczak, I.; Ono, H.; Yoshimoto, M.; Yamakawa,
0. Characterization of acylated anthocyanins from storage root
of purple-fleshed sweet potattpomoea batata. J. Biomed.
Biotechnol.2004,5, 279—286

(23) Rice-Evans, C.; Miller, N. J.; Paganga, G. Structure-antioxidant
activity relationships of flavonoids and phenolic acidsee
Radical Biol. Med.1996, 20, 933—956.

(24) Baldi, A.; Romani, A.; Mulinacci, N.; Vincieri, F. F.; Casetta,
B. HPLC/MS application to anthocyanins dftis vinifera L.

J. Agric. Food Chem1995,43, 2104—2109.

(25) da Costa, C. T.; Horton, D.; Margolis, S. A. Analysis of
anthocyanins in foods by liquid chromatography, liquid chro-
matography-mass spectrometry and capillary electrophoresis.
J. Chromatogr., A2000,881, 403—410.

(26) Giusti, M. M.; Rodriguez-Saona, L. E.; Griffin, D.; Wrolstad,
R. E., Electrospray and tandem mass spectroscopy as tools for
anthocyanin characterizatiod. Agric. Food Chem1999,47,
4657—-4664.

(27) Konczak-Islam, I.; Yoshinaga, M.; Nakatani, M.; Terahara, N.;
Yamakawa, O. Establishment and characteristics of an antho-
cyanin-producing cell line from sweet potato storage rBtdant
Cell Rep.2000,19, 472—477.

(28) Harborne, J. B. Spectral methods of characterizing anthocyanins.
Biochem. J1958,70, 22-28.

(29) Ferreira, M. A. A.; Esperanca, P.; Oliveira, M. C. Characterisation
of anthocyanins and their aglycones by electrospray mass
spectrometryAdy. Mass Spectron2001,15, 845—846.

(30) Oliveira, M. C.; Esperanca, P.; Ferreira, M. A. A. Characterisation
of anthocyanidins by electrospray ionisation and collision-
induced dissociation tandem mass spectromBapid Commun.
Mass Spectrom2001,15, 1525—1532.

(31) Lu, T.S.; Saito, N.; Yokoi, M.; Shigihara, A.; Honda, T. Acylated
pelargonidin glycosides in the red-purple flowersRifarbitis
nil. Phytochemistry1992,31, 289—295.

(32) Saito, N.; Tatsuzawa, F.; Yokoi, M.; Kasahara, K.; lida, S.;
Shigihara, A.; Honda, T. Acylated pelargonidin glycosides in
red-purple flowers ofpomoea purpureaPhytochemistryl 996,

43, 1365—1370.

(33) Saito, N.; Toki, K.; Uesato, K.; Shigihara, A.; Honda, T. An
acylated cyanidin glycoside from the red-purple flowers of
Dendrobium.Phytochemistry1 994,37, 245—248.

(34) Konczak-Islam, I.; Terahara, N.; Yoshimoto, M.; Nakatani, M.;
Yoshinaga, M.; Yamakawa, O. Regulating the composition of
anthocyanins and phenolic acids in a sweetpotato cell culture
towards production of polyphenolic complex with enhanced
physiological activity. Trends Food Sci. Techn@005(in press).

Received for review March 24, 2005. Revised manuscript received May
23, 2005. Accepted May 24, 2005. Funding of this project was provided
by the Australian Academy of Sciences through postdoctoral fellowship
to LK. and by the Department of Food Science and Technology, the
Ohio State University.

JF050671M



