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[57] ABSTRACT

In a plant tissue and cell cultivation, a method for facili-
tating both cell multiplication and differentiation is
attained by conducting the cuitivation in a culture me-
dium containing an extract of micro algae such as Chlo-
rella, Scenedesmus and Spirulina.

11 Claims, 1 Drawing Figure
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METHOD OF PLANT TISSUE AND CELL
‘ ' CULTURE

BACKGROUND OF THE.INVENTION

1. Field of the Invention

The present invention relates to a method of plant
tlssue and cell culture and more particularly to a
method which enables an efficient cultivation of tissue,
taken out of an individual plant body or cultivated in a
successive cultivation, or plant cells,

2. Description of the Prior Art :

When a piece of tissue cut out of a plant body exhibit-
ing relatively rapid growth, such as undifferentiated
shoot appex, root cambium and so on, is cultivated in an
artificial culture medium, callus formation, which is a
phenomenon of undifferentiated cell muttiplication, and
formation of differentiated foliate parts and roots are
observed separately or simultaneously. In such a plant
tissue culture, it is often attempted to facilitate culture
growth by addition of, coconut milk, yeast extract and
the like. Such growth facilitation is limited to causing
proliferation of the callus. Therefore, it has not been
possible to produce a differentiated plant body without
employing any additional measure. Accordingly, it has
heretofore been a common practice to incorporate addi-
tional measures for facilitating the differentiation, such
as for example, irradiation of ultraviolet rays and addi-
tion of phytohormones such as indoleacetic acid, ben-
zyladenine and the like in adequate proportion with
each other. However, by these prior art methods for
accelerating differentiation, the problems have arisen
that these methods are difficult to control and, in partic-
ular, that synthetic phytohormones may either promote
or retard the differentiation depending upon the amount
added.

SUMMARY OF THE INVENTION

An object of the present invention is to provide a
method for cultivating plant tissue and plant cells which
resolves the difficulties of the prior techniques de-
scribed above.

Another object of the present invention is to provide
a method for cultivating plant tissue and plant cells
which permits not only the multiplication of plant tissue
or cells, but also the differentiation thereof.

A further object of the present invention is to provide
a method for cultivating a plant tissue taken out of a
normal plant body or a tissue or cells obtained by a
successive cultivation of said first. generation tlssue,
which method should permit such cultivation in an
efficient manner.

A still further object of the present invention is to
provide a method of culture which enables production
of plant tissues or cells proliferated by the cultivation or
to harvest plant bodies differentiated durmg the cultiva-
tion.

These and other objects of the invention will appear
more clearly from the following specification with the
accompanying drawing.

The present invention may be summarized as a
method of culture of plant tissue and cells which is
characterized by cultivating the tissue or cells in a cul-
ture medium containing an extract of micro algae.

BRIEF DESCRIPTION OF THE DRAWING

The drawing illustrates an uitraviolet absorption
spectrum of the hot water extract of Chlorella to be
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2

employed in accordance with the method of the present
invention.

DETAILED DESCRIPTION

In this specification, it is meant by the term “micro
algae” unicellular algae or their near relatives, such as,
for example, Chlorella, Scenedesmus, Spirulina and the
like inclusive of natural living and cultivated types.

~The extract of micro algae as defined in this specifica-
tion is an extract which results from an extraction of
cells of one or more of said micro algae using an ade--
quate solvent. As the solvent, an aqueous one is espe-
cially preferred. Among aqueous solvents, ones such as,
for example, water itself and aqueous solutions contain-
ing acids, bases and organic-solvents dissolved therein
may be exemplified.

In order to effect the extraction, algae cells are
brought into contact with the solvent which is heated or
kept at ordinary temperature. It is preferable to employ
a hot water extraction, in which the algae cells are
suspended in ‘water in an amount of 1-1,000 grams in
dry weight of algae per liter of water and are kept at
50°~150° C. for 0.5-120 minutes, preferably at 100° C.
for more than 1 minute, and then are removed from the
water by, for example, centrifugation, to obtain an ex-
tract. The extract may be refined as necessary by means
of, for example, gel filtration, dialysis or the like.

The obtained extract of micro algae contains sugars,
proteins, polysaccharides, nucleic acids and other com-
ponents having molecular weights in the range of from
1,000 to 1,000,000 and exhibits an act1v1ty for promoting
both multiplication and differentiation in a cultlvatxon
of a plant tissue or cells.

The extract obtained as above may be used per se, as
a fraction obtained by molecular weight fractionation
thereof or a form a concentrate or dry powder obtained
by freeze-drying, spray-drying etc. Especially, a high
molecular weight fraction obtained by molecular
weight fractionation containing nucleic acid and analo-
gous substances, glycoproteins and polysaccharides,
etc., and a dry powder thereof are preferred.

According to the present invention, plant tissues and
cells are cultivated using a culture medium containing
an extract of micro algae. The procedures for preparing
the culture, basal culture medium and so on may be
identical with those used to form conventional plant
tissue cultures. Thus, a known synthetic culture me-
dium containing inorganic salts, micro nutrients, vita-
mins and so on can be used as the basal culture medium,
to which an extract mentioned above is added to per-
form the culture of plant tissue or cells.

The plant tissue to be cultured includes any tissue
taken out of an individual plant body, and particularly
parts such as shoot apex, cambium, seedling hypocotyl
and the like are preferred. It is also possible to cultivate -
multiplicated but undifferentiated cells developed in
plants, such as callus cells etc., and tissues or cells result-
ing from successive cultivation may be used as well,

The amount of the micro algae extract to be added to
the basal culture medium in accordance with the pres-
ent invention may be in the range from 1 to 500 mg in
dry weight of the extracted matter per liter of medium.
The culture medium to which the micro algae extract -
has been added may be used per se for the cultivation. It
is permissible, as in a conventional culture, to incorpo-
rate further growth promoting agents such as coconut
milk, etc., and differentiation facilitating agents such as
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synthetic phytohormones, etc., into the medium, in
accordance with the specific purpose.

When a plant tissue such as shoot apex is cultlvated
on a culture medium containing the micro algae extract,
not only is the proliferation of callus facilitated, but also
the promotion of differentiation is realized, so that a
plant body, stem, leaf or root can be developed from the
callus, or even developed without callus formation. It is
possible to harvest the multiplicated mass of cells. and
the grown body or parts, or to transplant the differenti-
ated plant body as a seedling. It may also be possible to
extract useful substances from the callus obtained. It is
furthermore possible to utilize the stem or leaf portions
which have been differentiated exclusively.

As described above, the method according to the
present invention permits an efficient cultivation of a
plant tissue or cells by effecting the multiplication and
the differentiation by adding a micro algae extract to
the culture medium. It is thereby made possible to real-
ize an application wherein a useful plant is cultivated
under a certain condition so as to harvest the cultivated
body or cells as such or to extract useful substances
therefrom. It may also be possible to attain an idealized
and homogeneous seedling culture or even aid the con-
servation of a plant species.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

EXAMPLE 1

Carnation shoot apexes (one of the most rapidly
growing tissues in the plant body, including a growing
point) were excised out and were each placed on the
culture medium, indicated below, in test tubes. The
cultivation was conducted under the conditions of a 9
hour illumination period (2,000 X) and 15 hour dark
period per. day at 25° C. As for the culture medium, a
basal culture medium of Murashige & Skoog, the com-
position of which is given in Table 1, was employed
with the exclusion of FeSOy4, and thereto were added
2.0% of sucrose, 0.8% of agar-agar and various amounts
of Chlorella extract.

TABLE 1

Basal Culture Medium according to Murashige & Skoog
Inorganic Salts Inorgainc Salts Vitamins etc.

(mg/1) (mg/1) (mg/1)
NH4NO3 1650 H3BO3 6.2  Nicotinic 0.5
acid
KNO3 1900 MnSO04.4H;0 22.3 Pyridoxine- 0.5
: HC1
CaCl.2H,0 440 ZnS04.7TH,0 8.6  Thiamine. 0.1
HC1
MgSO4.7H2O 370 KI 0.83 Myo- 100
inositol
KH;PO4 170 NapMo04.2H;0 0.25 Glycine 2
Na;—EDTA 37.3 CuS04.5H0 0.025
FeS04.7H,0 27.8 CoCl.6H20 0.025

Each culture medium had a pH of 5.5-6.0. The Chlo-
rella extract had been obtained by dispersing 30 g of
Chlorella dry powder in 1 1 of water and subjecting the
resulting suspension to a hot water extraction at 100° C.
for 30 minutes, centrifuging the resulting suspension
and freeze-drying the supernatant obtained (4.5 g in dry
weight). The ultraviolet absorption spectrum diagram
of an aqueous solution of this Chlorella extract is given
in the appended drawing. The amount of this Chlorella
extract added to each culture medium was one of three
amounts, namely, 2, 6 or 20 mg/1. The evaluations of the
experimental results for these samples were compared
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4
with those obtained w1thout addition of the Chlorella
extract.

After cultivation over 2 months, it was confirmed
that the group with addition of 20 mg/1 of Chlorella
extract had shown that most pronounced effect for
facilitating both the multiplication and the differentia-
tion. The evaluations of the culture samples were able
to classify the samples into 5 ranks from (A) to (E), in
which (A) corresponds to the condition that the whole
tissue formed callus without differentiation, (B} to the
condition that stem and leaf were formed with callused
stem, (C) to the condition that stem, leaf and root were
formed with callused stem, (D) to the condition that
stem, leaf and root were formed without callus forma-
tion and (E) to the condition that no multiplication or
differentiation was observed.

In Table 2, the results for the tests with addition of
Chlorella extract in an amount of 20 mg/] and without
addition of Chlorella extract each using 100 test tube
samples are summarized by the number of samples in
each rank. :

TABLE 2
Experimental Results
Evaluation
Amount of Chlorella Extr. @A) ®) (C) (D) (E)
0 22 22 11 34 11
20 mg/1 15 31 46 8 0

From these results, a multiplication promoting effect
by the addition of the Chlorella extract is recognized,
since the numbers of samples in ranks (D) and (E) are
smaller for the group with addition of Chlorella extract
than the group without addition. Also, a differentiation
promoting effect is deduced from the smaller number of
samples in rank (A) and the greater number of samples
in ranks (B) and (C).

" EXAMPLE 2

When a naked rice seed is cultivated on an agar-agar
culture medium containing 2.0 mg/1 of 2,4-D (2,4 di-
chlorophenoxyacetic acid) which is a synthetic growth
hormone, callus formation will be brought about. In this
Example, the influence of addition of Chlorella extract
upon the callus formation mentioned above is examined.

Using a basal culture medium B-5 as identified in
Table 3, culture mediums of pH 6.0 were prepared by
adding 2.0% by weight of sucrose, 2.0 mg/1 of 2,4-D,
0.8% by weight of agar-agar and Chlorella extract in
various amounts of from 0.1 to 500 mg/1 to the basal
medium. The cultivation conditions were the same as in
Example 1.

TABLE 3
Basal Culture Medium B-5

Component Content Component Content
NaH,P04.2H,O 171.6 mg/1 NazMo04.2H20 0.2522 mg/1
KNO3 © 2527.8 mg/l CoCly.6H20 0.0242 mg/1
(NH4)2S04 132.1 mg/1 KI 0.7457 mg/1
MgS04.7TH20 246.5 mg/l Nicotinic Acid 1.0 mg/1
CaCl.H0 111.0 mg/1 Thiamine HC1 10.0 mg/1
Fe—EDTA 28 mg/1 Pyridoxine.HCI 1.0 mg/1
MnS04.H0 13.6 mg/1 m-Inositol 100.0 mg/1
ZnS04.THH0 1.98 mg/1 Sucrose 200 g/1
H3BO3; 3.03 mg/1 24D 2.0 mg/l
CuS0O4 0.0393 mg/1

30 days after the seeds were placed on the culture
mediums, evaluation according to the ranks (A) to (E)
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of Example 1 was performed. In Table 4, the results for
the tests with addition of Chlorella extract in an amount
of 10 mg/1 and without addition of Chlorella extract are
recited.

TABLE 4 -
Experimental Result
Evaluation
Amount of Chlorella Extr.  (A) (B) © D) (E)
0 86 2 3 0 9
10 mg/1 54 32 14 0 0

From the result above, a differentiation promotmg
effect is recognized, since the numbers of samples in
ranks (B) and (C) are greater for the group with addi-
tion of Chlorella extract than the group without addi-
tion thereof. It was confirmed that a marked effect had
been realized by the addition of Chlorella extract in an
amount ranging from 1 to 100 mg/1. It was also noticed
that although the total number of samples exhibiting
cell multiplication were nearly the same for the two
groups, the increase in the weight of the grown body
was greater for the group with addition of Chlorella
extract than the group without addition, wherefrom a
proliferation promoting effect was recognized.

What is claimed is: - ‘

1. A method for culturing plant.cells or plant tissue
comprising culturing a piece of tissue excised from a
plant body or cells obtained by cultivation of tissue
excised from a plant body in a synthetic basal plant
tissue culture medium containing an extract of Chlorella

. effective to cause cell multiplication and cell differentia-
tion of said plant cells or plant tissue.

2. A method-according to claim 1, wherein said ex-
tract is produced by extraction of said Chlorella with
water at a temperature from 50° to 150° C., for from 0. 5
to 120 minutes.

3. A method according to claim 1, wherein said ex-
tract is produced by extraction of said Chlorella with an

. aqueous solvent.

4. A method according to claim 3, wherein said aque-
ous solvent contains dissolved therein an additive se-
lected from the group consisting of an acid, a base, and
an organic solvent.

5. A method according to claim 1, wherein said ex-
tract comprises substances having molecular weights in
the range of 1,000 to 1,000,000, which substances com-
prise sugars, proteins, polysaccharides and nucleic
acids.

6. A method according to claim 1, in which said
culture medium contains from 1 to 500 mg of said ex-
tract, calculated on a dry basis, per liter of said culture
medium.

7. A method according to claim 6, wherein said ex-
tract is produced by extracting said Chlorella with
water at a temperature of from 50° to 150° C., for from
0.5 to 120 minutes to obtain a crude Chlorella product,
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and then effecting molecular weight fractionation of
said crude Chlorella product to obtain said extract, said
extract consisting essentially of nucleic acids, sugars,
protems, and polysaccharides having molecular welghts
in the range of 1,000 to 1,000,000.

8. A method as claimed in claim 6, wherein the ultra-
violet absorption spectrum of said extract displays an
optical density minimum at a wavelength of approxi-
mately 239 mp and an optical density maximum at a
wavelength of approximately 258 mp.

9. A method of plant cell or plant tissue culture com-
prising:

suspending cells of Chlorella in an aqueous solvent in
an amount of from 1 to 1000 grams in dry weight of
said cells per liter of said aqueous solvent;

maintaining the mixture of said cells and said solvent
at a temperature in the range of 50° C. to 150° C.
for 0.5 to 120 minutes;

separating Chlorella cell bodies from said mixture to
form ‘an extract from said mixture, said extract
being effective to cause cell multiplication and cell
differentiation of plant cells or plant tissue; ,

adding said extract to a synthetic basal nutritive cul-
ture medium for plant cells and plant tissue in.an
amount of 1 to 500 mg of said extract in dry weight
per liter of said medium; and

cultivating a piece of tissue excised from a plant body
or cells obtained by cultivation of tissue excised
from a plant body on said culture medium contain-
ing said extract to form a plant cell or plant tissue
culture.

10. A method for culturing plant tissue and plant

cells, which comprises :

(1) providing a solid synthetic basal nutrient culture
medium for plant tissue containing, per liter of said
culture medium, an amount of an aqueous extract
of Chlorella that contains 1 to 500 mg of solids
derived from said Chlorella said extract having
been prepared by extracting satd Chlorella with
water at a temperature of from 50° to 150° C., for
from 0.5 to 120 minutes, so that said extract con-
tains sugars, proteins, polysaccharides and nucleic
acids having molecular weights in the range of
from 1,000 to 1,000,000 and exhibits an activity for
promoting multiplication and differentiation of
plant tissue and plant cells;

(2) placing and culturing on said culture medium a
piece of tissue excised from a plant body or cells
obtained by cultivation of tissue excised from a
plant body until a callus is formed, followed by the
formation of stems and leaves, or stems, leaves and
roots.

11. A method as claimed in claim 10, wherein said

algae is extracted with water at.a temperature of 100° C.

for at least 1 minute.
* * % %* £ 3
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