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Abstract

Effects of jasmonic acid treatment, UV-B and white
light treatment on the anthocyanin biosynthesis and
cell growth were investigated using the cell suspen-
sion culture system of grape (Vitis vinifera L). Cell
growth was not affected by white light irradiation,
while it was remarkably suppressed by UV-B ir-
radiation from 8 to 32 h. Anthocyanin ac-
cumulation dramatically increased after 16 h from
irradiation of UV-B. Simultaneous treatment of
jasmonic acid and UV-B increased anthocyanin ac-
cumulation by 10-fold. The cell division was res-
tored when anthocyanin was abundantly ac-
cumulated after 32 h from UV-B irradiation. Op-
timum concentration of jasmonic acid was found
to be 5 uM for maximum accumulation of an-
thocyanin. Application of jasmonic acid to grape
suspension cells rapidly induced the expression of
CHS gene after 2 h from treatment and showed
maximum level at 32 h. Simultaneous treatment of
jasmonic acid and light also induced CHS gene ex-
pression after 2 h, but the maximum level of CHS
transcript was observed at 16 h with white light
and 8 h with UV-B exposure. The synergistical ef-
fects could be explained by the defense mechan-
ism that UV irradiation is mediated in part by al-
terations in JA and its signaling pathway.

Infroduction

It is known that inductions of phenylpropanoid
and flavonoid biosynthesis are the defense mechan-
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ism of plants against the stresses such as UV ir-
radiation, pathogen attack and wound. Phenylalan-
ine ammonialyase (PAL), chalcone synthase (CHS)
and several enzymes involved in the phenyl-
propanoid and flavonoid biosynthetic pathways are
induced both in intact plant and in cultured cells by
environmental stresses, and play the protection
against UV and phytoalexins (Beggs et al.,, 1985; Dix-
on, 1986; Landry et al., 1995).

Gene expression of PAL and CHS has been stu-
died with connection to environmental stresses
(Hahlbrock and Scheele, 1989; Lamb et al., 1989). Ra-
pid induction of anthocyanin synthesis by UV light
has been reported in serval plant species and it was
reported that UV light is obligatory for flavonoid
synthesis (Beggs and Wellmann, 1994; Britt et al,
1993; Hahlbrock and Scheele, 1989; Middleton and
Teramura, 1994).

Recently, Creelman and Mullet (1997) reported
that the jasmonic acid (JA) and its methyl ester,
methyl jasmonate (Me-JA), were indentified as in-
tracellular signal molecules that mediate the ac-
tivation of gene expression in response to wounding,
elicitor treatment and pathogen infection. Jasmonate
application on plants caused accumulation of pro-
teinase inhibitor, phytoalexin and defense response
genes. JA also accumulated anthocyanin in soybean
seedling at light condition (Creelman and Mullet,
1995; Enyedi et al, 1992; Farmer and Ryan, 1992;
Pena-Cortes et al.,, 1995; Rhodes, 1994).

There are two kinds of pathway in the phenyl-
propanoid and flavonoid metabolism. One is a de-
fensing pathway with rapid response to stress, and
the other is a typical secondary metabolic pathway
after cease of the primary metabolism (Ozeki, 1996).

This research was intended to investigate the ra-
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pid response of phenylpropanoid and flavonoid
metabolism that is related to the defense mechanism.
This report deals with effects of JA treatment and
UV-B irradiation on the anthocyanin biosynthesis
and cell growth, using the cell suspension culture
system of grape. We also report how CHS gene is ex-
pressed in cell suspension culture of grape under
various conditions such as light, JA and simul-
taneous treatment of light and JA.

Materials and Methods

Plant materials

Cell suspensions prepared from callus of grape
(Vitis vinifera L.) were subcultured per week in MS
medium (Murashige and Skoog, 1962), sup-
plemented with 3% (w/v) sucrose, 2.3 X 107 M 2,4-D
and 9.3x10” M kinetin at 27T in the dark and 7-
day old cells fractionated through the mesh filter
(100-300 um) were inoculated into fresh medium
with 1:10 dilution in 300 mL glass culture vessel that
sealed with clean wrape for UV-B transmission.

JA and Light treatments

White light was obtained from warm-white flu-
orescent tubes (20W FL, Korea) and UV-B from G
30T8 30W UV fluorescent tubes (Sankyo, Japan) cov-
ered with cellulose acetate to remove UV-C
wavelength. The intensity was measured with a spec-
troradiometer (Q101, Macam, Photometrics, UK).
The intensities of white and UV-B source were 3.5
Wm?sec” and 0.25 Wm?sec” , respectively.

Determination of cell number and anthocyanin contents

Freshly harvested cells from 1 mL of suspension
were suspended in 1mL of enzyme solution, which
contained 1% cellulase, 0.05% macerozyme and 0.6
M mannitol, and incubated for 30 min on a shaker
at 60 rpm at 30T. Cell numbers were estimated by
counting protoplast with a haemocytometer after en-
zymatic maceration of cultured cells. For an-
thocyanin measurment cells were collected by cen-
trifugation at 4,000x g for 5 min from 1mL of the
suspension and anthocyanin was extracted with ImL
of 1% HCl-methanol for 24 h at 4T and the ab-
sorbance was measured at 530 nm.

RNA extraction and northern hybridization
Total RNA was extracted from grape suspension

cells as described by Sparvoli et al. (1994). Twenty
pg of total RNA were separated on a agarose gel

and transferred onto membrane. Hybridization was
carried out in 6 XSCP, 1% sarcosin, 1% dextran sul-
fate, 1% non-fatmilk and 50% formamide at 42T
with *P-labeled grape CHS cDNA. Membranes were
washed with 0.2xS5SC, 0.1% SDS and reprobed with
the 28S ribosomal RNA of grape.

Results and Discussion

Effects of JA, UV-B, and white light on cell growth and
anthocyanin accumulation

Choi et al. (1994) previously reported that max-
imum accumulation of anthocyanin was observed at
the stationary phase under white light, whereas ac-
cumulation of anthocyanin was not observed under
dark.

In order to investigate the response of plant cell
to stresses such as UV-B, white light and JA, kinetics
of cell division and anthocyanin accumulation under
UV-B and white light were measured using the
grape suspension culture systems. Cell division was
not affected by white light, while it was remarkably
suppressed by UV-B from 8 to 32 h after irradiation
(Figure 2). Anthocyanin accumulation, however, was
dramatically increased from 16 h after UV-B ir-
radiation (Figure 3B) and cell division was resumed
when anthocyanin was abundantly accumulated aft-
er 32 h from UV-B exposure (Figure 2). As shown in
Figure 3, anthocyanin was not accumulated in the
dark, while anthocyanin accumulation was moderate
under light condition. The most dramatic increase
was observed in UV-B and JA treated suspension
cells during from 16 to 64 h (Figure 3B).
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Figure 1. The effect of jasmonic acid on anthocyanin ac-
cumulation in the cell suspension culture of grape. Cells
treated with JA were grown for 7 days in the dark and col-
lected to measure the anthocyanin contents.
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Previous reports have shown that flavonoids play
an important role in the protection of plant against
UV-B through the attenuation of UV in plant
(Caldwell et al, 1983; Landry et al, 1995; Li et al,
1993). While irradiation of high energetic UV causes
the inhibition of plant growth, irradiation of low en-
ergetic UV-B promote the growth of plants
(Middleton and Teramura, 1994; Tezuka et al,, 1993).
Cell division was resumed with a large amount of
anthocyanin accumulation after 32 h from UV-B ir-
radiation (Figure 3). This may imply anthocyanin
play a defense mechanism against UV-B irradiation.

JA also plays an important role on insect and
disease resistance of plant. JA accumulates both in
wounded plants and in cultured cells treated with el-
icitors. Addition of JA to soybean suspension in-
creased mRNA levels of wound-responsive genes
(Creelman and Mullet, 1997). JA induced anthocyanin
biosynthesis in light grown soybean, whereas it did
not at the dark condition (Franceschi and Grimes,
1991). Optimum concentration of JA was found to be
5 pM for maximum accumulation of anthocyanin,
when grape cells cultured at dark for 7 days were
treated with JA and cultured at 27°C in the dark. The
optimum concentration of JA was determined at 5
pM (Figure 1) while JA became toxic to grape cells at
higher concentrations (Figure 1). The microscopic ob-
servation indicated that the cells became necrotic
(data not shown). Furthermore, JA and lights may af-
fect differently on the anthocyanin biosynthesis. As
shown in Figure 3, highly synergistical effects were
observed by simultaneous treatment of JA and lights,
especially by JA with UV-B irradiation. After 32 h
from UV-B treatment with JA, anthocyanin pro-
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Figure 2. Effect of lights on the cell growth in the cell suspen-
sion culture of grape. Cells were irradiated with UV-B (0.08
Em”sec’) or white light (1.2 Em?sec’) at the 4th day after
subculture in the dark. Dark cultured cells were used as a
control. The data are mean values of five independent ex-
periments. D: dark; WL: white light; UV-B: ultraviolet-B.

duction was dramatically increased ca. 10-fold com-
pared to either JA or UV-B only. Accumulation of an-
thocyanin by exogenous JA suggests that JA may in-
duce directly or indirectly the transcription of genes
related to flavonoid biosynthesis.

CHS gene expression by simultaneous treatment with JA
and lights

PAL and CHS played key roles in the regulation
of anthocyanin synthesis. In order to investigate the
CHS gene expression at the early stage of grape
suspension cells in response to stress such as JA and
lights irradiation, northern analysis was performed.
CHS expression level in white light irradiated cells
was very low, whereas the expression level of UV-B
was induced after 16 h exposure (Figure 4A). Ap-
plication of JA in grape suspension cells, however, ra-
pidly induced the expression of CHS gene after 2 h
treatment and showed the maximun level at 32 h ex-
posure (Figure 4B). Interestingly, CHS gene was also
induced at 2 h after JA treatment with UV-B or
white light, but at the treatment of JA with UV-B or
white light the maximum levels of CHS transcripts
were observed at 16 h with white light and 8 h with
UV-B light irradiation (Figure 4B). It is interesting
that the levels at the 64 h with JA and white light
were disappeared.

Ozeki (1996) proposed that two PAL genes, TRN-
PAL and ANT-PAL, existed at the carrot cell suspen-
sion culture. TRN-PAL expressed at the early stage
in response to stress when carrot cells transferred
into fresh medium and ANT-PAL for anthocyanin
production. The expression of CHS gene in carrot
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Figure 3. Time course of anthocyanin accumulation by treat-
ment of WL, JA, WL + JA (A) and UV-B, UV-B + JA, JA
(B). Cells grown for three days in the dark were treated
with 5 pM JA or without JA, and cultured up to 64 h. D:
dark; JA: jasmonic acid; UV-B: ultraviolet-B; WL: white
light.
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Figure 4. Northern blot analysis of CHS mRNA in grape cell
suspension cultures in response to UV-B and WL (A), JA
and simultaneous UV-B or WL exposure (B). Cells grown
for three days in the dark were cultured for each time (h)
and then harvested for total RNA extiraction. The blots
were hybridized with the CHS ¢cDNA isolated from grape.
WL: white light; UV-B: ultraviolet-B.

cell suspension cell was correlated with ANT-PAL
for anthocyanin production at the log phase of
growth. Whereas in suspension cell of alfalfa, Ni et
al. (1996) reported that elicitor treatment rapidly ac-
tivated PAL and CHS genes and increased to
measurable transcription within 10-20 min after el-
icitation. Inducible plant defenses to UV light may
be in part by alterations in JA levels (Conconi et al.,
1996). Treatment of tomato leaves with UV-B or UV-
C irradiation induced the accumulation of defense
gene transcripts encoding the protease inhibitor Pinl
and Pin2. No accumulation of Pinl or Pin2 mRNA,
however, appeared treated with salicylic acid, a
strong inhibitor of JA biosynthesis and its action
(Doares et al., 1995). The UV-mediated induction of
these genes was also blocked in defl, a tomato mu-
tant with a defect in the JA biosynthetic pathway
{Conconi et al., 1996).

The synergistical effects could be explained that
some defense responses to UV irradiation are medi-

ated in part by alterations in JA and its signaling
pathway. Thus, JA treatment causes the enhanced in-
duction of anthocyanin synthesis coupled by white
light and UV-B.
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