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Abstract

To elucidate the effect of sucrose on cell growth and
anthocyanin production, 1, 3, 5, and 7% sucrose were
applied to liquid MS basal medium supplemented with
0.5 mg/L BA + 0.1 and 1 mg/L 2,4-D. Higher sucrose con-
centration decreased the cell growth regardless of the
hormonal composition. Gain in fresh weight was grad-
ual, showing the peak at day 12 in culture, and then
decreased. Anthocyanin content increased with sucrose
concentration in the medium, and practically there was
no difference in anthocyanin content between the two
media differing in 2,4-D content. Sucrose concentration
for appropriate anthocyanin production was 7%, while
5% was more suitable for increase in total anthocyanin
content. At higher sucrose levels, anthocyanin content
was high due to the cessation of the cell growth. Medium
pH decreased at the early stage and gradually increased
thereafter.

Infroduction

Plant cell culture is a useful method to get secondary
plant metabolites such as alkaloids, terpenoids, and
flavonoids. There have been many reports on anthocyanin
production in cultured plant cells (Yamamoto et al., 1989).

Many secondary metabolites accumulate in specific
tissues and cells of higher plants, or at specific stages dur-
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ing the growth of cultured cell. The accumulation of most
secondary metabolites in cultured cell is maximal during
the stationary phase of growth, for example, the accumula-
tion of anthocyanin in suspension cultures of Daucus carota
(Noe et al., 1980) and of Catharanthus roseus (Hall and
Yeoman, 1986), and the accumulation of DOPA in callus
cultures of Stizolobium hassjoo (Obata-Sasamoto and Koma-
mine, 1983). However, Berlin et al. (1986) reported peaks of
accumulation of betalains during the logarithmic phase in
suspension cultures of Chenopodium rubrum.

Many attempts have been made to produce useful sec-
ondary metabolites using plant cell cultures, but most
have been unsuccessful, because the activity of cells for
synthesis of secondary products is lost in most cases when
the cells are dedifferentiated and grow rapidly in cultures
(Ozeki and Komamine, 1981). Recently, cell lines which
synthesize secondary products at a high yield have been
reported to be obtained by selection. In cultures of Daucus
carota, it has been reported that some cell lines can synthe-
size anthocyanin (Sugano and Hayashi, 1967; Ibrahim et
al., 1971; Alfermann and Reinhard, 1971; Schmitz and
Seitz, 1972; Dougall and Weyrauch, 1980), but such cell
lines were also obtained by spontaneous selection.
Kinnersley and Dougall (1980) reported success in increas-
ing the anthocyanin yield. They used a method based on
cell-aggregate size with a wild carrot cell culture.

Color is directly related to quantity and quality of the
anthocyanin in the skin of the fruit (Webb, 1970). These
pigments, in order of their stability, consist of mono- or
diglucoside forms of malvidin, peonidin, petunidin, cyani-
din, and delphinidin (Flora, 1978; Hrazdina et al., 1970;
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Simpson et al.,, 1976). Several reports indicate that mal-
vidin mono- and diglucosides are the most stable for red
color (Ballinger et al., 1974), and that acylation of antho-
cyanin molecules increases their stability. As a species, V.
vinifera is unique in having only anthocyanin monogluco-
sides and their acylated forms (Ribéreau-Gayon, 1968). By
contrast, V. rotundifolia (muscadine grape) has only nona-
cylated anthocyanin diglucosides (Ribéreau-Gayon, 1982)
and apparently does not produce acylated anthocyanin.
Most modern red V. vinifera wine grapes are high in mal-
vidin and acylation products. In comparison, V. rotundifolia
forms are relatively low in malvidin (Goldy, 1986).

Enhancement of anthocyanin productivity can be
affected by different factors such as light (Siegelman and
Hendricks, 1958; Jackson, 1980; Downs et al., 1965;
Arakawa et al., 1985; Kubo et al.,, 1988), nitrogen source
(Sargent and King, 1974; Gamborg et al., 1968; Tal and
Goldberg, 1982; Yamamoto et al., 1989), type of sugar
(Matsumoto et al., 1970; Sato et al., 1996; Do and Cormier,
1991; Hong et al., 1989; Schlatmann et al., 1994), tempera-
ture (Zhang et al, 1997, Morris, 1986; Sahai and Shuter,
1984), and phytohormone conditions (Mori et al., 1993;
Mori and Sakurai, 1994; Ozeki and Komanine, 1986;
Kinnersley and Dougall, 1980; Lee and Wetzstein, 1988).

The present study was conducted to elucidate the
effects of 2,4-D, BA, and sucrose level on cell growth and
anthocyanin production with the ultimate goal for the
mass production of anthocyanins through cell suspension
cultures in ‘Sheridan’ grapes.

Maiterials and Methods

Plant materials

One-eye cutting of 12 cm-long ‘Sheridan” grapes were
cut on sand bed and placed in a greenhouse for 4 weeks.
Shoot tips and nodal segments were dissected from shoots,
and the explants were surface sterilized in 1% sodium
hypochlorite solution containing 3 drops of Tween-20 for
15 min, and then rinsed 3 times with sterile distilled water.

Terminal and axillary bud explants of ca. 0.6 cm were
excised and then individually transferred into test tube
containing 20 mL of culture medium comprised of 1/2
Murashige and Skoog (MS) with 3% sucrose and 0.2% gel-
rite.

The culture conditions were maintained at 25+ 1°C
with a 16-hour photoperiod under 40 ymol - m” - 5™ pho-
tosynthetic photon flux (PPF) provided by fluorescent
lamps.

Callus induction

Young, fully expanded leaves, petiole, and stem sec-
tions of ‘Sheridan’ grape were collected from in vitro-
grown cultures. The leaves were aseptically sliced into 10 x
10-mm  square pieces, discarding their margin.
Longitudinally-sectioned stems were placed to medium
with cut surface down. Five explants were placed in each
90 x 15-mm petri dish containing 20 mL of MS medium
supplemented with 1 mg/L NAA + 1 mg/L BA. In all
media, 8 g/L Bacto-agar(DIFCO) and 3% sucrose were
used and the pH of all media was adjusted to 5.8 with
0.2N KOH before autoclaving.

Callus and cell suspension culture

Induced calli were transferred periodically to freshly
prepared culture medium: MS supplemented with 1.0
mg/L 2,4-D, 0.5 mg/L BA, 3% sucrose and 0.2% gelrite.
The stock cultures were subcultured every 4 weeks under
complete darkness.

The cell cultures were passed through nylon screens of
420 pum pore size. This sieving procedure was performed
at every subculture, and cultures subcultured more than 5
times were used in the experiments. Induction of the cell
suspension culture was obtained by inoculating cailus cells
into 250 mL shaking flasks containing 70 mL of the liquid
medium (with 2% sucrose without agar) and followed by
incubation on a gyratory shaker (100 rpm, 5 cm) at 25+1°C
under complete darkness. The suspension cultures were
also subcultured periodically into the liquid medium with
an inoculum size of 10 to 15%.

Sucrose concentration

To examine the influence of sucrose level on cell
growth and anthocyanin content, 20 g/L fresh cell which
had been subcultured several times with 20 g/L sucrose,
1.0 mg/L 24-D + 0.5 mg/L BA in 250 mL flask under
complete darkness were cultured on basal MS medium.
The concentrations of sucrose were adjusted to 1, 3, 5, and
7%.

Growth

Samples were collected every 4 days for 16 days. Cells
were separated from the culture medium by filtration
through filter paper and weighed. Results were expressed
as fresh cell weight (FCW. g} per flask.
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Residual sugar in medium

Samples were collected every 4 days for 16 days. After
filtering, the residual medium was used for sugar analysis.
The levels of fructose and glucose in liquid medium were
analyzed by high performance liquid chromatography
(HPLC 2690, Alliance System, USA) with high perfor-
mance carbohydrate column and refractive index detector
(Waters, USA). A mobile phase consisting of 80% acetoni-
trile was used at a flow rate of 1.0 mL - min’.

Anthocyanin content

Samples were collected every 4 days for 16 days. Fresh
cells were extracted overnight using a solution containing
1 g/L HCl-methanol at 4C. After centrifugation at 100 x
g for 5 min, the absorbance of the clear supernatant was
measured. Optical density of the extract solutions was
measured at 530 nm with a spectrophotometer (UVIKON
930, Uvikon, USA). Anthocyanin content was calculated
with the extinction coefficient (Ell%]cm: 566 at 530 nm) of
cyanidin-3-glucoside (Extrasynthese) in the same solvent.
Results were expressed as pig/g fresh weight of cells.

Medium pH

Samples were collected every 4 days for 16 days. After
filtering, the pH of medium was measured by pH meter
(Triodem, Orion, Co.) at 25C.

Results and Discussion

To investigate the effect of sucrose on cell growth and
anthocyanin production, 1, 3, 5, and 7% sucrose were
applied to MS basal medium supplemented with 0.5 mg/L
BA + 0.1 or 1 mg/L 2,4-D. Higher sucrose concentration
decreased the cell growth regardless of the hormonal com-
position and combination. Fresh weight gain was gradual,
showing the peak at day 12 in culture, and then decreased.
In 05 mg/L BA + 1.0 mg/L 24-D combination, 3%
sucrose resulted in sharp increase (Figure 1). The decrease
of cell grewth in media containing a high concentration of
sucrose may have been caused by inhibition of nutrient
uptake due to an increase in the osmotic potential or the
high viscosity of the medium (Sato et al., 1996).

Anthocyanin content increased with sucrose concen-
tration in the medium, and practically there was no differ-
ence in anthocyanin content between the two media.
Anthocyanin content was the highest with 0.5 mg/L BA +
1.0 mg/L 24-D and 7% sucrose after 12 days in culture,
and then decreased. Anthocyanin content was low with

3% sucrose which favored the growth in both media
(Figure 2).

Sucrose concentration for appropriate anthocyanin
production was 7%, while 5% was more suitable for
increase in total anthocyanin content. Significant differ-
ences among sucrose level were not noted with 0.5 mg/L
BA + 1.0 mg/L 2,4-D. The combination also showed the
peak after 12 days in culture and then decreased.
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Figure 1. Fresh weight of ‘Sheridan’ grape as affected by sucrose
level in liquid MS medium supplemented with 0.5 mg/L BA
+ 0.1 mg/L (upper) and 1.0 mg/L 2,4-D (lower) under light.
Bars represent + SE.
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Figure 2. Anthocyanin content of ‘Sheridan’ grape as affected by
sucrose level in liquid MS medium supplemented with 0.5
mg/L BA + 0.1 mg/L (upper) and 1.0 mg/L 2,4-D (lower)
under light. Bars represent + SE.
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Anthocyanin content increased significantly in 0.5 mg/L
BA + 1.0 mg/L 2,4-D combination with 3% sucrose, espe-
cially during 4 to 8 days in culture. This was thought to be
the result of vigorous cell growth (Figure 3). At higher
sucrose levels, anthocyanin content was high due to the
cessation of the cell growth. Slowing and killing of cells
occurred from the beginning of the culture. Anthocyanin
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Figure 3. Anthocyanin productivity of ‘Sheridan’ grape as
affected by sucrose level in liquid MS medium supplemented
with 0.5 mg/L BA + 0.1 mg/L (upper) and 1.0 mg/L 2,4-D
(lower) under light. Bars represent + SE.
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Figure 4. Changes in pH of MS medium supplemented with 0.5
mg/L BA + 0.1 mg/L (upper) and 1.0 mg/L 2,4-D (lower)
with varying sucrose levels in suspension cultures of
‘Sheridan’ grape under light. Bars represent + SE.

content at low sucrose levels was somewhat low due to the
vigorous cell growth.

The medium pH decreased at the early stage (after 4
days in culture) and gradually increased thereafter in both
media (Figure 4). The best performance of cell growth and
anthocyanin production was observed at pH 7~8 after 12
days in culture.

The presence of a high concentration of sucrose in the
culture medium could induce a considerable increase in
the carbohydrate content of the cells, as was shown in
Catharanthus roseus cells (Schlatmann et al., 1994). A
sucrose concentration of 9.9% and 8% greatly enhanced
anthocyanin production in Vitis cell culture (Yamakawa et
al., 1983), and a 5% sucrose concentration enhanced antho-
cyanin accumulation in Populus (Matsumoto et al., 1970)
and Euphorbia milli (Yamamoto et al., 1989) suspension cul-
tures. This experiment showed that high anthocyanin pro-
ductivity and anthocyanin content were obtained at
respective 2% and 7% sucrose.
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