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Development of Useful Products Through

Plant Cell Fusion and

Culture of Populus spp.(1I)

Kim. K.U., Y.G. Park and M.S. Choi

ABSTRACT

Anthocyanin formation in callus cultures using Populus alba < Populus glandulosa was

evaluated on basal MS medium supplemented with various levels of growth regulators, sucrose

and nitrate concentrations. The highest yield of anthocyanin from cultured cells was produced

under 5% sucrose, 1/8 strength of nitrate(12.5% of basic concentration) and combination of 1.0

mg/l TAA with 2 mg/1 BAP, respectively. The high anthocyanin producing cell line no. 11 was

selected among 15 cell lines, showing over 80% cells contained anthocyanin producing cells. From

these cells, the highly productive red protoplast was isolated and the highest protoplast yield, 6.7

% 10° was obtained in enzyme combination IV which is composed of 2.0% cellulase, 0.5%

macerozyme and 0.1% pectolyase.
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INTRODUCTION

Plants have for a long time been of great
importance not only as food sources but also
as a supply of wide range of chemicals
including pharmaceuticals, insecticides, tlavors,
flagrances and colors.” There have been many
attempts to establish tissue culture method for
the commercial production of useful plant

)

metabolite.* Among the approximately 2,000

flavonoids, some accumulated in tissue and

o
e
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cell cultures. Anthocyanin also belongs to the
flavonoids that occur widely in gymnosperms,
monocotyledons and dicotyledons. They are of
chemotaxonomic value and also play a role as
genetic markers.”

Recently, many attempts have been made to
improve the productivity of cell cultures by both
optimization of environmental conditions and the
selection of high producing cell lines.” Thus far,
only a few investigators have used protoplast
culture system for development of secondary

metabolites. Recently, selection of high-producing
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cell line has been reported for shikonin deriva-
tives from protoplast cultures of Lithospermum
ervthorihizon cells. Growth regulators significan-
tly influence cell growth and morphology. High
concentration of auxin can lead to improvement
in taxol yield from cell culture medium of Tasus
Spp.:)

However, there are not many reports on the
biosynthesis of anthocyanin or mechanism of
anthocyanin formation in the woody plants. This
study was carried out to investigate the effect of
various factors on the anthocyanin formation in
order to establish the stable cell lines of Populus

alba > P. glandulosa.

MATERIALS AND METHODS

The medium used for callus initiation was the
modified MS medium supplemented with 1.0
mg/l 2,4-D, 0.1 mg/l BAP and 3% sucrose. The
various levels of sucrose(1-10%), nitrate(0-400%
of control) and plant growth regulators(0-2 mg/1)
based on MS medium were tested for their
effects on anthocyanin production.

After 13 days from initial culture, cell growth
was expressed as gram fresh weight per test
tube and anthocyanin content was measured by
UV spectrophotometer an 530 nm with 0.5 g
fresh weight per test tube.

Preliminarily, anthocyanins in the crude extract
from the anthocyanin production callus with
methanol containing 1.5% HCI(v/v) were separated
by two dimensional thin layer chromatography
with the solvents of BAW and AAH. At least
five different anthocyanins were analyzed by thin
layer chromatography and measurement of absorp-
tion spectrum at 530 nm.

Fifteen cell lines, high anthocyanin accumulated
cells and low anthocyanin accumulated cells
were selected by the following procedures. Cell

cluster(ca. 0.5 g fresh weight) with accumulated

anthocyanin cell lines was isolated from original
callus cultures with the naked eye. Each cell
cluster was placed on a 20 ml of MS media
cultured at 26+1C under fluorescent light of
7,000 lux for 13 days.

After the pigmented cells were macerated with
cellulase "Onozuka”R-10 and pectolyase Y—23”’,
percentage of anthocyanin synthesizing cells was
calculated from the proportion of protoplasts
which were visibly red color in cytoplasm under
were isolated by the

" The petrid-

microscope. Protoplasts
same methods of Park and Son.
ishes(1-3 < 107) were sealed with parafilm and
cultured under the dim light. After seven days
of plating, the frequency of cell division was
measured using an inverted microscope. The
frequency was expressed as a mean number of

dividing protoplasts in petridish.

RESULTS AND DISCUSSION

Cell growth and anthocyanin production were
increased as sucrose concentrations increased from
1% to 5%(Fig. 1). The highest anthocyanin produc-
tion was observed at 5% sucrose medium. It has
been known that the best sugar for production of
anthocyanin was sucrose in cell cultures of
maize'’ and poplars hybrid.” Various concent-
rations of NHi;NO: and KNO: were used to
evaluate their effects on anthocyanin formation
or cell growth in Populus cells(Fig. 2). High
nitrate concentrations limited cell growth and
anthocyanin synthesis, but the lower concentra-
tion of nitrate such as 1/8 strength of basic
concintration(12.5%) increased anthocyanin pro-
duction, with the most significant cell growth at
1/2 strength of basic nitrate concentration(50%).
Dougal]’” reported that nitrate plays an important
role not only in cell growth but also in
secondary metabolism in higher plant.

Among auxin type growth regulators, 2.4-D
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Fig. 1. Effect of sucrose concentration on cell growth
and anthocyanin production in callus of P.
alba < P. glandulosa. Cells were cultured on
MS agar medium supplemented with 0.5
mg/l 2,4-D, 0.1 mg/l BA under continuous
illumination cell growth was measured after
13 days of cultures.
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Fig. 2. Effect of nitrate concentration on cell
growth and anthocyanin production in a
callus of P. alba < P. glandulosa(the ratio
of KNO;: NH;NO: was 1 : 1)

exerted better effect than others like IAA or
NAA in cell growth. However, the high concent-
rations of 2.4-D markedly inhibited anthocyanin
production compared with two others(preliminary
study). For anthocyanin production combination

of 1.0 mg/l TAA with 1.0 mg/l BAP seemed to

BAP (mg/l) - 2

Fig. 3. Effect IAA vs. BAP concentrations on

anthocyanin  formation of P. alba < P
glandulosa. Cells were cultured MS agar

medium supplemented with 3% sucrose

under continuous illumination for 14 days.

* reported

be suitable concentrations(Fig. 3). Choi
that high concentration of auxin, promoted taxol
production from cultured cells of Taxas spp.
This indicates that plant growth regulators have
different effects on secondary metabolites depend-
ing on plant species.

Anthocyanins  were
by TLC with four

© 5, v/v/v), n-butanol

identified from purified

extracts solvents system:
n-butanol/acetic acid/water(4 : 1
/2N HCl(1 :

acid/concentrated HCl/water(15 : 3 : 82,

1, v/v), aqucous 1% HCI and acetic
vivivl).
Phelargonidin 3-rhamnoside was identified from
purified extracts, by comparison of their Rf
values and spectra of the authentic samples
(Table 1).

Among 15 cell lines, cell line 11 produced
the hightest anthocyanin, showing more than 80
cells containing producing cells, as compared
with cell line 4 contained only 33% of cells
producing anthocyanin(data not presented).

Fig. 4 shows the production of anthocyanin in
poplar cells by culturing days. The highest yield
was obtained at the 6-day-old callus subculture
while that of red protoplasts i.e. anthocyanin

containing protoplasts increased as the subculturing
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Table 1. Rf values and spectral data of purified antocyanin from the Populus alba * Populus glandulosa

callus.
Rf values in solvent” s
Pigment (Rf > 100) Color Max” E440/Emax
A B C D
Purified 45 26 37 70 red 507 21
anthocyanin
Pelargonidin 46 24 39 70 red 505 19

3-rhamnoside-5-glucoside

" Mark Keisel 60F254 was used decending chromatography with the following solvent systems:

A : n-butanolfacetic acidfwater (4 : 1 : 5, v/v/v), B :

n-butanol/2N HCL(1 : 1, v/v),

C : aqueous 1% HCI and D : acetic acid/conc. HCljwater(15 :3 : 82, v/v/v).
¥ Spectral data were determined in methanol containing 0.01% HCI.
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Fig. 4. Effect of culture of callus on the protoplast
yield and on the frequency of red protoplasts
of P. albax P. glandulosa.

Protoplast yield( o—o )
Red protoplasts( e—e )

has been known
thatprotoplast yield was markedly influenced by

period increased(Fig. 4). It
the growth phase of callus.® But it was observed
at 10-day-old callus subculture in non-pigmented
cells of P. albaxP. glandulosa. These results
suggested that protoplast yields were closely
related with subculturing period.

The ratio of cell amount and kind of enzyme
also influenced protoplast yield and viability. Park
and Han'” reported that the highest protoplast
yield of P. albaxP. glandulosa were observed

in enzyme solution mixed with cellulase “On

pzuka” R-10 drisellase, macerozyme R-10, and
pectolyase Y-23. The highest yield of protoplast,
6.7%10° was obtained in enzyme combination
IV, which was composed of 2.0% cellulase,
0.5% macerzyme and 0.1% pectolyase(Table 2).
This enzyme combination seems to be the most
suitable one to isolate protoplast from callus.
Protoplast of P. alba X P. glandulosa grew
well in MS medium with absence of NH;NO;
But in this modified MS medium, cell division

was sustained and colony was formed(Table 3).

Table 2. Effect of four enzyme combination on
protoplast yield of Populus. alba >
Populus glandulosa.

Types of enzyme 1 I m v
Protoplast yield
(< 10%gram FW) 41 36 47 67

Table 3. Effect of different culture medium on cell
division and colony formation of Populus
alba *x Populus glandulosa.

Medium types Cell division Colony formation

KM-8p 21.1 + 11.87 ++7
MS 16.1 + 10.5 +
MS-NH4NO;  17.5 + 126 ++
WPM 121 + 05 +

" Each value represents the mean SD of 3 replica-
tion experiments.

? Visual estimation: + poor, ++ good,
+++ very good.
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The deleterious effects of ammonium in medium
have been reported in the protoplast culture of
Lycopersicon spp.m and potato.”

Using this protoplast selection system, it would
be possible to obtaine the homogenity cell line
and protoclone for high anthocyanin productivity.

Thus, these results can be applied for selection
of high productivity cultured cells for secondary

metabolite.

w =B

wlok Al 3ol A o)

HEAE 7] 218 5

anth-

Ao} 2

3 [s]
ocyanin AJAkAde] H2

- O
Hdow Aeg £33 v oigr P2 AnE
e R
Anthocyanin A A+& o] #-& Az AL At

sucrose 3%, 2, 4-D 0.5 mg/l, BAP 0.1 mg/17}
WA MS7 Al A AAse] 15 cel
lineZol] AIzjo] 80%ol wat ACL 11 %7
& 414rsloic}. Anthocyanin A8 A ofl+= vl 2] 2

Aot T8 AR A4S wE Wk

LITERATURED CITED

1. Bokelmann, G.S. 1983. Z.

Plant generation from protoplast of potato

and S. Roset,

(Solanium tuberosum cv. Binje). Pflanzenphy-
siol. 109: 259.
Choi, M.S. 1994. Determination and produc-

9

tion of antitumoral taxol and related com-
pounds in Taxus spp. Ph. D. Thesis. Gradu-
ate School, Kyungpook National Univ. Taegu,
Korea.
3. Dougall, D.K. and D. Vogelin, 1983. The
stability of accumulated anthocyanin in
suspension cultures of the parental line and
high and
wild carrot. Plant Cell Tissue and Organ
Culture. 8: 113-123.

4. Fujita,Y., Y. Hara, Y., T. Ogino and C.

low accumulating subclones of

10.

11.

12.

- 164-

. Harazina, G.

Suga. 1981. Production of shikonin deriva-
tives by cell suspension culture of Lithos-
permum erythrorhizon. 1. Effect of nitrogen
sourses on the shikonin derivatives. Plant
Cell Rep. 1: 59-60.

1982. Anthocyanins, In “The
Flavonoids; Advances in Research” (Harborne,

J.B. and T.J. Mabry, eds.), pp.641-679.

. Matsmoto, T., K. Nishida, M. Noguhi and E.

Tamaki. 1973. Some factors affecting the
anthocyanin formation by Populus cells in
suspension cultures. Agri. Biol. Chem. 37:
561-567.

. Morris, P., AH. Scragg, N.J. Smart and A.

Stafford.
callus and cell suspension culture. Plant Cell
Culture(ed. By Dixon). R.A. Irl Press, Oxford
and Washington, D.C. pp.127-166.

Nishimaki, T. and M. Nozue. 1985. Isolation

1985. Isolation and maintenance of

and culture of protoplasts from high anthocy-
anin protoplasts trom high anthocyanin pro-
ducing callus of sweet potato. Plant Cell
Rep. 4: 248-251.

M., K. Kanai and K. Yoshitama.
1987. Selection of high anthocyanin produc-

Nozue,

ing cell line of sweet potato cell cultures
identification Plant.
Physiol. 129: 81-88.

Park, Y.G. and K.H. Han. 1986. Factors

affecting the isolation of mesophyll

and of pigments. .

pro-
toplasts from in vitro cultured Populus alba
»  P. glandulosa. Jour. Korean For. Soc.
73: 33-42.

Park, Y.G.
affecting the

and S.H. Son. 1986. Factor

isolation of mesophyll pro-

toplast from Populus euramericana. cv.
1-214. Jour. Korean For. Soc. 74: 29-36.
Straus, J. 1959.  Anthocyanin synthesis in

corn endosperm tissue cultures. I. Identity of

the pigments factors. Plant

Physiol. 34: 536-541.

and general



13. Zepata, FJ, K.C. Sink and E.C. Cooking. eseullentum cv. woltor, L. Pinpinillifolin and
1981. Callus formation from leaf mesophyll L. birsutum F. galbratum. Plant Sci. Lett.

protoplasts of three Lycopersicon species: L. 23: 4-46.

- 165 -



