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Enzymatic Isolation of Protoplasts from the Rice Leaves

and Callus Cultures*®

Eizo Maepa** and Toshiaki HAGIwARA™**

(**Institute for Biochemical Regulation, Faculty of Agriculture, Nagoya. University, ‘Nagoya.

®#% Foculty of Agriculture, Kyushu University, Fukuoka.)

" Since it has been indicated the péssibility of
protoplast isolation from mesophyll and other tissues
of higher i)lants using enz'yme solution, the plant‘
protoplasts are becoming to an available material
for studying cell wall regeneration, macromolecular
uptake, cell fusion and somatic hybiid20:2), Recently,
it has been reported that protoplasts can be isolated
from various plants, i.e. wheat®, cornl®, rye®,
Brassica®®, Convolvulusi>, Ciepi§29>’ Petunia®2?, and
liverwort?8>, énd from various tissues, i.e. monocot

leaves®:1®,. callus tissues!®1®, suspended cells?®, pollen

tetrads? and microsporocyte’®>. Up till now, how-

ever, we have not been aware of any study on the
protoplast isolation from tissues of rice plants excépt
that from roots!9. )

Therefore, we investigated the method of isola-
tion from rice leaves and 4callus cultur.*es. In this
paper, the suitable condition for effective isolation

of rice protoplasts is described. And also size and

properties of them are added, being examined their

structure in semithin sections lightmicroscopically.
Marteria Ls and METHODS -

Rice seeds (Orpza sativa L. variety Aichi asahi)

were soaked in water at 30°C for 2 days and then

seeded on polyethylene sieves. The seedlings ‘were

cultured without nutrients at 30°C under continuous

fluorescent light. As experimental materials, leaves

. and roots were excised from the seedlings, aged -

variously after the seeding, at 4 to 5cm length.

Then, the leaf and root segments were cut into blocks
of ‘0.5 mni® or less using razor blade and incubated
" in the. media containing several combination of

€nzymes.

* Received for publication on August 3, 1973.

oo

Callus tissues were induced from rice seeds
(variety Aichi asahi) by themethod described. in the

previous paper!®. After subculturing for several

' passages on the agar medium containing Murashige

and Skoog’s mineral nutrients, casein hydrolysate
and 1073 M of 2,4-dichlorophenoxyacetic acid, etcl®,
materials were excised from various regions of the
callus tissues an& were cut into 0.5 mm? or less as
in leaves .and roots. . ’

Samples of 2 to 3 g in fresh weight were taken
out from these excised materials. They..were in-
cubated in 20 ml‘ of enzyme solution contained in

100 ml Erlenmeyer flasks. The incubation was

‘carried -out in'a reciprocal shaker (100 rpm) at 35°C.

Composition of enzyme solution tested and treatment
time are indicated in table 1. In most of the experi-
ments, we employed \mixed enzyme solution, but
not successive treatment. In some éxperiment not
shown in the table, cellulase Onozuka P-1,500 was
replaced by R-10.

The protoplasts prepared after treatment were
collected by filtering through four fold of nylon sieves -
and centrifuging for 2 min at about 700 g (2,000 rpm)
on clinical“ centrifuge. The collected protoplasts were
observed by light microscope and thei/r diameter was
sized. ) '

To observe the structure of protéplasts, the

semithin sections were prepared. = Glutaraldehyde

“was added to the materials liberated in the enzyme

solution of 2 hours treatment, to give a final concentra-
tion of 5%. After 3 hours’ fixation at 5°C, the

‘materials were washed 3 times with a 0.2 M phos--

phate buffer at pH7.5. The protoplasts were
collected by ‘centrifu.ging and embedded in blocks

of a 1% final concentration of agar. The agar
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Table 1 Effects of eniyme solution®, incubation time and age of material used
on the isolation of rice protoplasts ‘
Conditions used Leaves Roots Calluses
tested suitable tested suitable tested suitable
MacerozYme (%) 0.5~2.5 0.5 0.5~2.5 1.5 0.5~4.0 1.0
Cellulase (% )** 1.0~7.0 5.0 3.0~10.0 5.0 1.0~9.0 5.0
Dextran sulfate (9% )%** 0.5~2.0 0.5 0.5~2.0 1.0 0.5~1.0° 0.5
Mannitol (M) 0.4~1.0 0.7 0.2~0.8 0.6 0.1~0.7 0.5
‘Incubation time (hr) - 0.5~6.0 2.0 1.0~6.0 2.5 0.5~3.0 2.0
Age after seeding or subculturing (day)  5~17 7. 7 3~l14 -5 3~33 . 15~20
#* pH 5.5, ** Onozuka P 1500, *** Meito Sangyo Co. LTD.
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Fig. 1 Size of the protoplasts derived from leaves, roots and callus cultures of rice

= = -~ - - : leaf protoplast, ——x——: root protoplast, ——@

-

blocks were postfixed in a 29, osmijum tetroxide in
a phosphate buffer at 5°C, overnight, then dehydrated

through a graded series of ethanol. To infiltrate

epoxy resin, we used propylene oxide following
ethanol. The blocks were placed in gelatin capsules,
The sections of 0.25 and 0.5 pm in thickness cut on
a Porter-Blum MT 1 Ultramicrotome were collected
on slide glassés, stained by toluidine ‘blue, fuchsine-

methylene blue?® (ﬁgs.i 9, 13 to 18 and 20) or PAS-

toluidine blue®? (figs. 5 to 8, 10 to 12 and 19) and -

examined in light microscopy.

Resu LT and Discussion

The suitable condition for protoplast isolation
was researched. The results obtained from the experi+
ments using various treatments are summarized in

table 1, in which the tested and suitable concentra-

. callus protoplast.

tions of enzymes.and other substances are represénted
It is revealed that cellulase has optimum around 59%,
for degradation of cell walls in all the materials used.
While macerozyme is required higher concentration ’
for isolation of root protoplasts than leaf ones. It
seems likely that macerozyme is relati\'/eiy effective

for isolation of root protoplasts. Many protoplasts

were obtained with even only cellulase treatment
from leaves and callus cultures. Higher levels o
macerozyme were probal‘aly harmful to all the material .
employed. Mannitol was sufficient for callus proto-

plasts at lower level such as 0.5 M, but a higher level

was required for leaves. Appreciable effects were

not obtained in dextran sulfate, but 0.5 to 1.0% of

its concentration could be used without deteriora- '
- tion.

In addition, it is certain that the regions, from .
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which the used materials was taken out, and the
age of seedlings and callus cultures are important to
isolate the protoplasts readily and abundanﬂy. It
seems likely that more protoplasts are occurred from
leaf sheaths and young laminae enveloped with them
than mature laminae. Many protoplasts were usually
produced from the callus cultures between 15 to 20
days. They may be released more certainly from
newly formed regions with pale yellow colour than
adult regions with black colour. In this respect, it
is of interest that the ability of protoplast isolation is
different between callus strains obtained from different
zones of the carrot -root'®. In our experimental
conditions, the protoplasts were scarcely produced
at the aged seedlings over 17 days after seeding and
the aged cultures over 76 days after subculturing.

Optimal time of incubation was about 2 hours.
The 'prolongedv incubation caused large amount of
debris and brought about bacterial contamination,
because aseptic environment was notkcomplemented.
Cutting the materials into small blocks was especially
essential for success of the isolation, because the proto-
plasts were able to be free from the cut surface.- Also
the énzyme treatment cut away the root hairs oc-
casionally, and the protoplasts seem to be liberated
Afrom the cut surface.

In figs. 2 and. 4, the protoplasts released en-
zymatically from rice leaves and callus cultures are

indicated, being concentrated by centrifusing.

In fig. 1, ,frequen'éy distribution of protoplast

size is indicated. The diameter of them were estimat-

ed at 389, 235 and 364 of protoplasts in leaves, roots
and calluses, respectively, and per cent was computed
against protoplast size. It is seen ;:learly from the
figure that callus and root protoplasts are larger in
their ‘size than leaf protoplasts. Such difference in

size may be considered due to osmotic pressures’ of

‘in fig. 12.

enzyme’ solutior‘l, which are optimum in 0.7, 0.6 and

" 0.5M of mannitol for isolation of leaf, root and

callus protoplasts, respectively.

It is ascertained that leaf protoplasts are about

- 103 gmvin thean diameter . and have relatively

homogenous size, yielding their size between 7.5 to
12.5 gm 'in 87% or more, but observed sometimes
a- few large protoplasts' about 25 pym diameter.
Such high frequency seems to be caused by the

homogeneity of tissues, from which the protoplasts

are isolated. Epidermal, vascular and sclerenchymat-

ous cells were more resistant than m‘ésophyll‘cells to
the enzyme treatment- (figs. 10 and 11). Most of
the protoplasts liberated from leaves seem to be

mesophyll - protoplasts, because of having many or

. few of green chloroplasts (figs. 5 to 7). In fig: 6,

lamellar structure can be seen clearly in chloroplasts.
The protoplasts without visible chloroplasts (fig. 9)
Mesophyll cells, -of which cell

wall was not yet digested by the enzymes, are shown

were only 12.8%.

In this figure, plasmalemma is separated
from cell wall by hypertonic solution. It is con-
sidered that middle lamella of cell wall in spherical
protoplasts is degradated enough, because the en--
velope of protoplasts was not stained by PAS reac-
tioﬁ‘”. ‘ »

The callus prdtoplasts are more variable and
larger in mean diameter than leaf onés (fg. 1).
Such variation seems to be owing to the culture
periods and the region from which the experimental
materials were obtained. Giant protoplasts haviﬁg
50 to 75 ym in diameter were extraordinarily seen,
as ‘not representing in fig. 1. A large protoplast is
shown' in kﬁg. 3. In the enzyme suspension, the
cbllapsed protoplasmic materials amorphous in shape
were often seen. But it could not be ascertained

whether these materials are occurred as a consequence

) Key to abbreviations
b: bundle sheath, c: chloroplast, e: epidermal cell, gl: granule of type 1, g2: granule of type 2, g3:
granule of type 3, Is: lamellar structure, m: malformed nucleus, n: nucleus, nl:nucleolus, p: plasma-
lemma, sc: sclerenchymatous cell, v: vacuole, vs: vascular system.

Fig. 2.
toplast. (x600). Fig. 3.

ed from rice leaves (X 600).
A protoplast having many chloroplasts.

Unfixed protoplasts liberated from rice callus tissues. An arrow shows a polynuclear like pro-
A large protoplast of callus (x600).

‘Figs. 5 to 9. Serithin sections of leaf protoplasts (X 2,350)."
Tig. 6: Lamellar structure in chloroplasts.

Fig. 4. Unfixed protoplasts liberat-
Fig. 5:
Fig. 7: An uni-

nuclear protoplast. Fig. 8: A quadrinuclear protoplast. - Fig. 9: A large protoplast without chloroplasts.
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.

Figs. 10 to 12 Semithin sections of the leaf tissues difficult to be degradated by the enzyme treatment
(x1,700). Fig. 10: Cells near epidermis and vascular system. Fig. 11: Sclerenchymatous cells and
vascular system.  Fig. 12: Mesophyll cells.  Figs. 13 to 17. Semithin sections of callus protoplasts
(%2,500).
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of the damage during enzyme treatment or of the
aged and dead cells which had existed before treat-
ment.

Nucleoli are f{requently observed in callus proto-

plasts (figs. 13, 14, 18 and 20). Nuclei being various

Figs. 18 to 20
Fig. 18: A binuclear protoplast.

cinquenuclear protoplast.

situation are shown, in some nuclei chromatin is
There

are 3 types of granules in various size in the proto-

condensed (fig. 13) and in others not (fig. 14).
plasts. TFig. 15 shows a large granule, type 1, being
seen in the vacuole. Fig. 16 shows granules of round
shape, type 2, which present scatteredly in the cyto-
plasm. Small granules, type 3, are localized in the
cytoplasm surrounding the nucleus (fig. 17). Fine
structure of these cell organelles is remained to be
studied by electron microscopy.

An interesting evidence, which was revealed
with the semithin sections of protoplasts produced
from rice leaves and callus cultures, is that polynuclear
protoplasts were scen frequently. Polynuclear proto-
plasts are shown in figs. 2, 8, 18, 19 and 20. It is
probable that they are induced by spontaneous fusion
of protoplasts but not by nuclear division, because of
fixation immediatly after the short time treatment of
enzymes. In the callus protoplasts, it may be con-
sidered that polynuclear protoplasts are liberated
from polynuclear cells which would have been induced
during aseptic culture!®2,  ‘While, in the case of
leal protoplasts, it is highly probable that the induc-
tion of polynuclear protoplasts is owing to the process
of fusion, because polynuclear cells have not been
Fig. 19

shows irregular form of nuclei, which structure will

observed in mesophyll tissues of rice yet.

be future problem to be elucidated.

Root protoplasts have relatively small size of
12.5 ym in mean diameter but large variation (fig. 1).
These derived from near root apex are small. But
those isolated from the region far from root apex
arc large. We could find that they occur from the
tissues surrounding the vascular system. The root
protoplasts have well developed vacuole in most
cases, so that thin layer of the cytoplasm is seen along
the plasmalemma.

Protoplasts were mostly bursted in hypotonic
solution and then their contents flowed out into the
media. Therefore, the production of large amount
of plant protoplasts is the first step to study the intact

state of organelles, that is, nuclei and chloroplasts,

Semithin sections of polynuclear protoplasts liberated from rice callus (x2,500).
Fig. 19: A protoplast having two malformed nuclei.

Fig. 20: A
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etc. Rice protoplasts remained alive for one week
or more under a cool condition of about 5°C. Ac-
cordingly, it is possible for them to be stored and
collected for long period. In our experiments of
rice protoplasts, it was also ascertained that cellulase
R-10 is about five fold in the activity of P-1,500.
Further, we tried to degradate the cell wall of various
flower cells enzymatically and succeeded in isolation
of the petal protoplasts of carnation (Dianthus superbus)
and Freesia hybrida. Such investigation may provide
an available method to research the flower pigments.
On the basis of the above information, it may
be said that such fascinating problems as transfer
of genetic materials or transplanting of cell organelles
became to be realizable in rice plant, too. Because
some evidences have been already shown in relation
to uptake of exogenous DNA?2® and bacteria®’, nuclear
fusion?®, plant regeneration®15:26), and interspecific
hybrids®»? using several kinds of plant protoplasts.
And also plant protoplasts are useful tools to research
the action of herbicides®> and DNA isolation?,
The present paper indicates the conditions under
which the rice protoplasts are surely produced from
the seedlings and callus cultures. In future step,
we have to research the circumstances under which
they can develop into the callus tissues which ultimate-
ly get to rice plantlets. Work is in progress to
elucidate the fine structure of rice protoplasts in
order to disclose the process of cell-wall regeneration

and cell fusion.

SUMMARY

The isolation of rice protoplasts from leaves,
roots and callus cultures has been examined following
the inoculation in cell wall-degrading enzyme solution.
It was achieved within 2 hours at 35°C with the
materials cut into small pieces using the mixed
solution containing macerozyme, cellulase and man-
nitol etc. The suitable concentration of enzymes and
mannitol to isolate the leaf, root and callus protoplasts
was ascertained. The size of protoplasts was measured
in their diameter and the frequency distribution was
acquired. The size was large in the callus protoplasts
and small in the leaf ones. Structure of the proto-

plasts was investigated with the semithin sections by

light microscope. Nature of nuclei, nucleoli and
lamellar structure in chloroplasts are illustrated. The
spontaneous fusion of protoplasts was assumed from
the presence of polynuclear protoplasts. In addition,
the protoplast isolation from flower petals was per-
formed successfully using carnation and Freesia.

We gratefully acknowledges Dr. T. Katayama
and Dr. T. Omura, Faculty of Agriculture, Kyushu
University, for encouraging the development of this
work. Technical assistance was rendered by Mrs.

K. Maeda, to whom we are also very grateful.
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