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Studies on Culture of Cells and Tissues of Crop Plants

I. Survey on enzymatic isolation and culture
of rice leaf sheath protoplasts
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Abstract: To establish a method for isolation and culture of rice protoplasts, enzyme solution compositions,
culture conditions, and the selection of cultivars and tissues as materials were examined. The results suggested
that the 1st and 2nd leaf sheath of 6-day old seeldings, which were cultured in the medium containing only
minerals and vitamines of MS medium under 23°C, 16.2 W/m?, and light length 14 h, were found suitable as
materials. The materials were treated without shaking for 4 h in an enzyme solution (pH 5.6) containing 0.259,
macerozyme R-10, 19, cellulase “Onozuka” R-10 and 19}, BSA in a MS medium which contained MS-minerals,
MS-vitamines, 1.0 mg/! 2,4-D, 2.5 mg/! kinetin and 10 g/! sucrose. The isolated leaf sheath protoplasts were
cultured in a MS medium (0.42 M) containing 197, BSA. All protoplasts from 11 cultivars kept their cell activity
through the culture for 2 weeks or more. The addition of BSA in both the enzyme solution and culture medium
was especially effective for the maintenance of protoplast viability. The vacuoles developed in the protoplasts
during the culture period ; after 5 days in the culture the protoplasts enlarged to a diameter 1.75 times greater
compared with that just after the isolation. The chloroplasts in protoplasts began to dedifferentiate during the
culture, and both chloroplast size and chlorophyll content decreased. Protoplast division was not observed in this
medium throughout the culture process.

Key words : BSA, Cell activity, Cellulase ““Onozuka” R-10, Protoplasts, MS-medium, Rice leaf sheath.
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Establishment of methods for the isolation protoplasts are capable of the cell wall forma-

and culture of protoplasts is indispensable for
the fundamental and applied studies of plant
technology ; cell multiproduction, somatic cell
hybridization, incorporation of organelles and
genetic substances into the cells and their
exclusion from the cells, etc. In dicotyledons
such as tabacco, carrot and petunia etc, the
methods was practically established, and the
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tion, cell division and even the regeneration of
entire plants'®. In contrast, in monocotyledons
the isolation and culture of protoplasts was
difficult. In recent years, monocotyledonous
protoplasts were isolated from the leaf sheaths
and leaves of very young rice and wheat*429,
These methods, however, should be further
examined. Since 1986, rice plants have been
regenerated from protoplasts taken from the
calli of embryo and anther 71516192223,
because of the difficulty in isolating rice meso-
phyll protoplasts. The present stydy on the
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cells and tissues culture of crop plants began
with a detailed examination of the factors and
conditions in relation to the isolation and
culture of the rice leaf sheath protoplasts.

Materials and Methods

Sixteen cultivars of Oryza sativa L. (Table 4)
were used. Seeds were sterilized in 709, eth-
anol for 30 s and immersed in 0.59], sodium
hypochlorite for 3-—4 h. The seeds were ger-
minated in the medium containing only min-
erals and vitamines of MS medium under
23°C, 16.2 W/m? and light length 14 h. The
following tissues were used for protoplast isola-
tion. Tissues a and b are small buds of 3-day
old and 5-day old plants after sowing respec-
tively. Tissues ¢ and d located 3 cm from the
base of the Ist leaf sheath of 7-day old and 10
-day old plants respectively. Tissues e and f
located 2.5 cm from the base and 5 cm from
2.5 cm respectively in the 2nd leaf sheath of a
15-day old plant. Small pieces (about 1 mm?)
of tissues mentioned above were treated in an
enzyme solution (pH 5.6) containing 0.259
macerozyme R-10, 19, cellulase “Onozuka”
R-10 and 19, bovine serum albumin (BSA)
in a MS medium containing MS-minerals, MS
-vitamines, 1.0 mg/! 2, 4-D, 2.5 mg/! kinetin
and 10 g/! sucrose without aggitation for 4 h.

The protoplasts were separated by filtration
through 200 meshes of nylon, washed two
times in a mannitol solution of the same os-
motic pressure as the enzyme solution and
then centrifuged at 100X g for 15 min in the
culture medium. The protoplasts were cul-
tured at a density of 1—2X 10° cells/m/ with-
out shaking. The medium was composed of
MS medium containing 1.0 mg/! 2,4-D, 2.5
mg/ ! kinetin and 10 g// sucrose. The osmotic
pressure was adjusted 0.42 M with mannitol.
The culture was performed at 23°C in the
dark. On the other hand, to prolong the cell
activity, polyamines (L-arginine, putrescine,
spermine and spermidine) and BSA were
added in the enzyme solution and also in the
culture medium. The assay of cell viability was
examined using the fluorescene diacetate
(FDA) method by Widholm ?%. Fluorescence
was observed by means of an Olympus fluor-
escence microscope BH-RFL with exciting
filter BG 12 and absorving filter Y495. The
RNase activity in the protoplasts was assayed
by the method of Altman et al.V. Protein

content was measured using the method of
Lowry et al.'?,

Results

Protoplasts from the 1st leat sheath of a
cultivar Honenwase were isolated by treat-
ment in an enzyme solution finally adjusted
0.42 M with mannitol for 2.5 h. These proto-
plasts were 21.4 ym in average diameter and
became 37.5 ym after 5-day culture. The
vacuoles in protoplasts developed conspicu-
ously during the culture. After 3-day culture
budding of protoplasts, dedifferentiation of
chloroplasts and aggregation of organelles in
the protoplasts were frequently observed (Fig.
1). On the other hand, there were many
protoplasts collapsed even after only a day
culture. It is therefore necessary to establish a
most suitable method for isolation and culture
of rice protoplasts. The changes of protoplast
viability and chloroplast size during the cul-
ture are shown in Fig. 2.

The effects of two kinds of enzyme solution,
i.e. with or without 0.059, pectolyase Y-23, on
the isolation and culture of rice leaf sheath
protoplasts were examined. The treatment
time for the protoplast isolation from the st
leaf sheath took 2.5 h in the former and 4 h in

&

Fig. 1. Protoplasts isolated from the 2nd
leaf sheath (tissue-e) of Honenwase and
cultured for 3 days, during which a
conspicuous aggregation of organelles
was observed. Length of bar is 20 xzm.
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Fig. 2. Changes of the cell viability and

chloroplast size of the protoplasts from
tissue-d of Honenwase during the cul-
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Fig. 3. Changes of the cell viability isolated

with the treatment of different enzyme
solutions from the tissue-c of Honenwase
and followed by the culture in the MS
medium containing 197, BSA. MC: the
solution containing 0.259, macerozyme
R-10 and 19 celluase “Onozuka’ R-10,
and PMC: 0.059, pectolyase Y-23,
0.29, macerozyme R-10 and 19} cel-
luase “Onozuka” R-10.

the latter. Protoplast yield was higher in the
former ; however, the level of cell activity
during the culture was higher in the latter
(Fig. 3). The effect of osmotic pressure on the
protoplast viability was compared between
0.42 M and 0.6 M of culture medium. In the
former, 259, of protoplasts retained the viabil-
ity even after 9-day culture, but in the latter
909, of protoplasts lost the activity after only
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Fig. 4. Changes of the cell viability isolated
with the treatment of enzyme solutions
containing different osmotica from the
tissue-c¢ of Honenwase and followed by
the culture in the MS medium containing
19, BSA. 1) : adjusted the osmotic pres-
sure of enzyme solution with only man-
nitol, 2) : with mannitol, MS-minerals
and MS-vitamines, 3) : with 2)-compo-
nents, 2, 4-D and kinetin, 4) : with 3)-
components and sucrose.
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Fig. 5. Cell viability after 9 day culture of
the protoplasts isolated from the tissue-b
of Honenwase in the media combinated
with the different concentration of 2, 4-D
(0—4.0 mg/!) and kinetin (0--5.0 mg/!/).

3-day culture. When the osmotic pressure of
the enzyme solution was adjusted with the
mixture of four kinds of osmotica ; mannitol,
minerals, vitamines and sucrore, the isolated
protoplast viability was durable for longer
period than that adjusted with only mannitol
through the subsequent culture (Fig. 4).
The concentration of hormones added in
the enzyme solution and culture media was
examined. The most effective combination of
2,4-D (0—3.0 mg//) and kinetin (0—5.0
mg/!) concentrations for the durability of cell
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Table 1. Effects of polyamines on the viability of protoplasts isolated from different leaf sheaths
(tissues a~f) of 4 cultivars during the culture.

Cultivar Tissue L-arginine Putrescine Spermine
10 mM 2 mM 10 mM 2 mM 10 mM
Honenwase? a 31.7 100.1 82.4 0 0
Vi c 177.3 — 14.0 — —
Vi d 117.0 39.8 0 — —
/) e 79.1 20.9 0 0 0
) f 47.8 85.2 48.7 0 0
Sasanishiki? d 125.0 — 0 — —
Hatsukoshiji? d 112.8 — 10.0 — —
Hastunemochi? d 77.3 — 52.0 — —

Each number shows the relative value when the viabilty of protoplasts (FDA activity) cultured
for 5 days without polyamines was regarded as 100 of value. ! : after 3-day culture, 2 : after

10-day culture,

Table 2. Effects of L-arginine on the protein content in the protoplasts from different tissues of

Honenwase after 3-day culture,

0-day 3-day
Tissue Medium
Av Rv Av Rv
Ist leaf sheath MS medium 0.552 100 0.347 100
(tissue-d) MS medium+ 10 mM L-arginine 0.626 113 0.388 112
2nd leaf sheath MS medium 0.350 100 0.298 100
(tissue-e) MS medium+ 10 mM L-arginine 0.445 127 0.304 102

Av [ absolute value, Rv ! relative value,

activity was investigated. After 9 days, the
highest cell activity was observed in the cul-
ture solution containing both 1.0 mg/! 2,4-D
and 2.5 mg/! kinetin (Fig. 5). Therefore, all
subsequent experiments were performed with
this combination of hormone concentrations.

As for the effect of four polyamines on the
protoplasts viability, it was found that an
addition of L-arginine to the enzyme solution
and culture media within the range of 0 to 20
mM was effective in prolonging the activity of
protoplasts taken from several cultivars. The
effect, however, differed with the kind of
cultivar, the aging of tissues and the period of
protoplast culture, etc. (Table 1). Other
polyamines proved to be useless in culturing
rice protoplasts. The effects of L-arginine on
the protein content were measured using the
protoplasts from 1st and 2nd leaf sheaths of
Honenwase. It had little effect on them both
just after the isolation and after 3-day culture
(Table 2).

The effects of BSA and L-arginine on the
protoplast activity during culture were

examined (Table 3). The application of 19
BSA was fully effective on the durability of
protoplast activity in all cultivars used (Table
3). The protoplasts from the 2nd leaf sheath
of Nihonbare and the Ist leaf sheath of
Minaminishiki were collapsed more than 909,
after 3-day culture without 197, BSA. The
addition of BSA, however, made it possible to
prolong the level of protoplast viability by
more than 10 days. One percent of BSA was
the most suitable concentration in the rice
protoplast culture solution. The increase of
RNase activity was inhibited by the addition
of BSA in culture medium after 3-day culture
of protoplasts from the 1st leaf sheaths of
Hatsunemochi and Yamadanishiki (Table 3).
On the other hand, L-arginine did not repress
the RNase activity at all.

First and 2nd leaf sheaths of 16 cultivars
(Table 4) were used to isolate the protoplasts.
The protoplasts from 5 cultivars, namely,
Honenwase, Yamabiko, Hatsukoshiji, Hat-
sunemochi and Yamadanishiki, kept the cell
activity during 10 days or more culture after

NII-Electronic Library Service



OunsHIMA and ToyaAMa——Culture of Cells and Tissues I 107

Table 3. Effects of BSA and L-arginine on the RNase activity in the protoplasts isolated from
Ist leaf sheaths (tissue-d) of 3 cultivars after 3-day culture.

RNase activity after
3-day culture

Cultivar Medium
Av Rv
. MS medium 0.300 100
Hatsunemochi MS medium + 1% BSA 0011 4
MS medium 0.734 100
Yamadanishiki MS medium-+ 19 BSA 0.072 10
MS medium+ 3% BSA 0.275 37
MS medium 0.414 100
Honenwase MS medium+ 10 mM L-arginine 0.446 108

Av . absolute value, Rv : relative value.

Table 4. Cultivars and tissues used for protoplast isolation and effect of BSA on cell activity
(esterase) during isolation and culture of protoplasts.

Enzymes MC MC+19% BSA
Treatment time 4 h 4 h
Culture medium MS medium MS medium+ 1% BSA
Cultivars
Honenwase +(c, d, e, )
Koshihikari +(e) +(d, e)
Gohyakumangoku +(d) +(d)
Nihongare —(d, e) + (e)
Yamabiko +(d) + (e) + (e)
Minaminhishiki = (d) + (d)
Todorokiwase +(d)
Reiho +(d)
Sasanishiki +(d)
Hatsukoshiji +(d) + (e) + (e)
Kuju +(d)
Hatsunemochi + (d) —(e) + (e)
Y amadanishiki + (d)
Koshijiwase *(d)
Shimokita +(d)
Kinmaze +(d)

MC : Macerozyme and cellulase “Onozuka” R-10. + :30% of isolated protoplasts or more
keeps their cell activity after 5-day culture and there are some protoplasts having the activity even
after 10-day culture. — : About 5% of protoplasts keeps their activity after 5-day cul-
ture. + ! Intermediate of the above both. The alphabet in parentheses represents the plant

tissues used .

the isolation. On the contrary, the protoplasts
from Nihonbare and Minaminishiki were 59,
and less active after 5-day culture, and their
cell activity, however, was maintained for 10
days or more by adding 19, BSA. As shown in
Table 4, without using BSA, the activity of
isolated protoplasts was variable according to
cultivars and tissues, and application of BSA
made little differences of cell activity between
cultivars or tissues of all 11 cultivars assayed.

The development of vacuoles, aggregation of
organelles and structural dedifferentiation of
chloroplasts were observed in the protoplasts
from all cultivars used during the culture.

Discussion

The isolation of Gramineae mesophyll proto-
plasts was very difficult. Sethi and Maeda
isolated wheat mesophyll protoplasts through
treatment with 0.197, pectoryase and 49
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cellulase?V. The application of pectoryase in
the case described in the present study was
not suitable, although it shortened the treat-
ment time necessary to isolate the protoplasts,
because most of the isolated protoplasts
became inactive. This problem should be
carefully reexamined.

The osmotic pressure of a culture medium is
an important factor in a protoplast culture.
Pearce and Cocking!”? have observed that
regeneration of the cell wall was possible after
several day culture in the medium containing
1297, sucrose ; however, it took several weeks in
the medium containing 249, sucrose. The
culture medium of 0.6 M mannitol, which is
hypertonic to the protoplasts from
Honenwase, caused the protoplasts to collapse
during the culture.

It is known that polyamine compounds
inhibit senescence of plant tissues, namely,
increase of the activity of RNase and protease
to promote the senescence"'V, decrease of
chlorophyll content, destruction of chloroplast
ultrastructure®, and the ethylen synthesis to
expedite the senescence®. Altman et al' re-
ported that the application of polyamines to
Avena protoplasts made their viability maintain
and checked senescence progress. The use of
polyamines in the present experiments, how-
ever, did not bring about significant results on
the protoplasts culture, except for slight effects
of L-arginine. This may be due to the plant
species specificity and also the aging of tissues
used.

Protoplast isolation from the rice blade is
very difficult'*2%, except in the case of the leaf
sheath of rice seedlings immediately after the
germination. Chen cultured rice protoplasts
from the leaf sheath in a P-2 medium contain-
ing 109, sucrose and observed
dedifferentiation of protoplasts budding like
“bursted ballons”?. As in the present study,
budding protoplasts including the
dedifferentiated chloroplasts were often obser-
ved during the culture. When protoplasts from
the rice leaf sheath were cultured in a combi-
nation of three established media, Dek and
Sen observed the first division after 5 days in
culture and then observed callus formation. In
the medium used in the present study, no
protoplasts from the leaf sheath caused cell
division. The difference on cell division may be
attributed to the composition of culture

medium and breeding cultivars and aging of
rice plants®.

For the disired redifferentiation of proto-
plasts and their regeneration of an entire
plant, the selection of plant materials is also an
important factor, as is the establishment of
methods for the isolation and culture of proto-
plasts. Using the suspension culture cells of 25
rice cultivars, Yamada and Yo observed cell
division in three cultivars, Akage, Norin-1 and
Norin-22, and colony formation of two
cultivars, Toyotama and Fujiminori. The divi-
sion and redifferentiation of mesophyll proto-
plasts from the 5 cultivars mentioned above
remain to be examined.

In recent years, instances of regeneration of
rice protoplasts from the calli of an embryo
and an anther, but not from mesophyll proto-
plasts, into an entire plant have been
reported”1516.19.2228) Tt js desirable that the
plant is regenerated from the mesophyll proto-
plasts as in the case of tobacco and petunia,
etc., because it takes for a long time for callus
formation, during which mutation is liable to
happen. In this experiment, culture of proto-
plasts from rice leaf sheath was possible over a
three week period, but reproduction was not
possible through cell division. At present, the
redifferentiation of mesophyll protoplasts from
expanded rice leaves is under examination.

The addition of BSA in both the enzyme
solution and culture medium was very
effective to keep the protoplasts from collapse.
The medium containing BSA prolonged proto-
plast wviability over a three week period.
Yamada and Yo reported that the medium
containing 0.89;, BSA worked cell on the
division of protoplasts from the rice callus?®.
Previous studies suggested that BSA is
effective for the proliferation activity and seri-
ally transferred culture of animal cells!®. It is
generally accepted that albumin functions in
the nutritional supply and in the protection of
animal cells¥ ; maintenance of colloid osmotic
pressure'®, supply of amino acids to periph-
eral system, and as a carrier of fatty acids®®,
Ca?*, tryptophan and glutathion etc.%,
although its primary function of albumin n
vivo is not always clear. The satisfactory result
from the experiments done using BSA in the
present study may be attributed to: (1) The
reduction in the rate of protoplast collapse will
be dependent on the mechanical protection of
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albumin which adheres to the outer surface of
cell membrane. (2) The maintenance of proto-
plast viability seems attributed to the supply of
nutrients into the cells by adding albumin,
especially long-chained unsaturated fatty
acids, oleic and linoleic acids, which are indis-
pensable for the living cells. (3) BSA used in
the present study, Cohn’s fraction V, usually
contains 1—49], of other serum proteins.
Therefore the possibility can not be ingnored
that favorable results from using BSA may be
attributed to proteins other than albumin. (4)
Since albumin has recently been identified as
a carrier of the SH-radical®, the relation
between an albumin binding SH-radical and
cell activity is attracting investigator’s atten-
tion.
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