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Microbiological Studies of Porphyra Plants-VI.

An Investigation of Bacteria-Free culture of Porphyra
with a Shaking Culture Apparatus

Jun-ichi TSUKIDATE

A Dbacteria-free culture was carried out to study the effects of organic
nutrients on the growth of Porphyra. Porphyra did not grow well in a bacteria-
free batch culture with a defined medium.* Many vitamins and amino acids
were tried to make it grow better but without success. Unlike one-celled or
uniseriate algae, ones of more complicated shape usually do not grow without
an aeration or shaking even in the bacterized culture.** Therefore, a bacteria-
free shaking culture was designed to investigate whether Porphyra grows or
not, in the first place, with the defined medium.

The writer wishes to express his hearty thanks to Proféssor Tomitaro MASAKI

of Hokkaido University for reviewing this manuscript.

Materials and Methods

The materials used in the experiments were Porphyra leucosticta from a
laboratory culture, and Porphyra yezoensis and Porphyra tenera from a natural
field.

1. Methods of purification of algae

Many algae from one-celled to more complicated shape have been grown in a
bacteria-free culture.l)—23) A number of reviews were also reported on the
purification of algae.24) —34) From all these reports, the purification methods
could be summarized as follow. 1) Washing. 2) Dilution. 3) Sterilization by
antibiotics or detergents. 4) Elimination by shaking or sonication. A washing
is applied for a one-celled alga or spores of a multi-celled alga. Cells are picked
up and transferred into a test tube with a sterilized artificial seawater under
the microscope. An axenic culture is obtained by the repetition of this procedure.
The washing can be also applied to a filamentous or a foliaceous alga for the
purification. Algae are placed onto the agar plate for dipping and dragging.
The better results come out with an addition of antibiotics in the agar plate.
A dilution is applicable to a one-celled alga or spores of a multi-celled alga.

Algae are put into a test tube with a sterilized artificial seawater and shaked
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in it. After that, a small amount of mixtures is transferred to another test
tube with the sterilized artificial seawater and again shaked in it. These
procedures are repeated. A small amount of mixtures is then brought into a
Petri dish with a bacterial medium and mixed gently. The Petri dish was
kept for some days in the incubator. An axenic culture can be established by
picking up a clean alga among bacterial colonies. A sterilization of algae is
effectively done by using antibiotics, or detergents like Jodopax, sulfa drugs,
or ultraviolet rays. The point of this method is to keep algae alive and at the
same time to make accompanying microorganisms kill. In order to do the
sterilization successfully, it should de determined at the beginning that the kind
of antibiotics or sulfa drugs and their balance and the duration to be chosen
depending upon the sorts of algae. An elimination of microorganisms from
algae can be also done effectively by using a sonication or a centrifuge. As
this method alone does not always come out good results, it should be followed
with other methods.
2. Methods of purification of Porphyra

Since Porphyra is a multi-celled alga and has a mucilaginous layer on the
surface of the cell, and spores are non-motive and relatively weak, a steriliza-
tion by the antibiotics was mainly practised with some other techniques. A
thallus was cut off about 25 mm2. This piece of thallus was brought onto a
1 % agar plate in artificial seawater (Table 1) to dip and drag for 30—35cm
with a Pasteur pipette. This procedure is to get microorganisms off Porphyra
thallus physically. After that, the piece was brought to another 1 % agar plate

Table 1. Chemically defined medium used in the presnt research.

NaCl 2.4%
MgSO, 7H,0 0.8%
KC1 70 mg%
CaCly 2H-0 55 mg %
NaHCO3 16.8mg %
NaNO3 20 mg¥%
NasglyceroPOy 2.5mg %
Metal solution 1mg/100 m¢
Metal solution I1m¢{=
H3BO3 0.2 mg
FeCls 6H20 0.048 mg
MnCly 4H»O 0.144 mg
CoCly 6H»0O 0.04 mg
ZnCly 0.01 mg
Nas EDTA 1 mg
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in 50 m¢ artificial seawater with a penicillin G of 40,000 units and a streptomy-
cin sulfate of 20mg (Pot.) to dip and drag for about 30cm. Then it is
preserved as it is for 2 weeks. Besides this process of purification, another
methods of eliminating microorganisms were used. The piece was placed for
overnight in the seawater of 50m¢{ with the penicillin G of 20,000 units and the
streptomycin sulfate of 10 mg (Pot.) added ES solution (Table 2) of 2ml, after

Table 2. Component of the enrichment used in the present research.

Pure water 100 m¢{
NaNOg 350 mg
Nagy glyceroPOy 50 mg
FeClg 6H0 12.1mg
Metal solution 25 m{
Vitamin Big 10 7

TRIS 500 mg

dipping and dragging for 30—35cm. Sometimes these processes were repeated
several times. A young thallus of 1 mm long was obtained in axenic culture
by the following techniques. The young thallus was put into the artificial
seawater of 30 m{ with the penicillin G of 200,000 units and the streptomycin
sulfate of 1g (Pot.) for 2 days to kill the accompanying organisms. After that,
it was transferred into a test tube and shaked violently to eliminate the
organisms. This procedure was repe‘ated three times. The young thallus was,
then, taken out from the test tube and spread in the Petri dish with the
bacterial medium. A cleaned thallus was successfully picked up among the
bacterial colonies in 5 to 7 days.
3. Sterility test

This is to check if there is any microorganism on the cleaned thallus. The
most widely accepted way of checking it, is to grow purified pieces of thallus
with nutrient-rich medium of microorganisms to examine whether microorgan-
isms exist. The sterility test media used were Eg20 and ST332).
4. Culture methods and culture conditions

As for the experiments 1, 2, 3, and 4, an axenic thallus of 25mm?2 was put
into a 20m¢ L test tube with 10m¢ of medium in the culture apparatus of
Monad. The thallus grew at 16°C+0.5°C with the light intensity of 5,000 lux
at the surface of the test tube on a 10—14 light-dark cycle. As for the exper-
iments 5 and 6, an axenic thallus of 1mm long was put into a 125m/
Erlenmeyer’s flask with 50 m{ of medium in the shaking culture apparatus.

The thallus grew at 17°C+2°C with the light intensity of 3,0001lux at the
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surface of the flask on a 9—15 light-dark cyle.
5. Observation of thallus
Colour, shape and growth were observed by the naked eyes and measured a

length when the experiments were finished.

Results

Results are shown in Tables 3~8. In experiment 1 (Table 3), the media were
replaced aseptically in 2 weeks. Porphyra grew better with tris (hydrt;xy-
methyl) aminomethane (TRIS) than without. In experiment 2 (Table 4), the
media were not replaced. On the 19th day after the experiment started,
Porphyra grew better an(i had more normal colour with TRIS than without.
In experiment 3 (Table 5),the media were replaced in 3 weeks. On the 30th
day after the experiment started, Porphyra grew better with TRIS and 2
times concentration of carbonic acid substances than artificial seawater alone.
Carbonic acid substances refer to as dissolved carbon dioxide, carbonate ion,
bicarbonate ion and carbonic acid in this paper. In experiment 4 (Table 6), the
media were not replaced. On the 21th day after the experiment started,
Porphyra grew better with TRIS and 2 times concentration of carbonic acid
substances than artificial seawater alone. In experiment 5 (Table 7), the

media were not replaced. On the 44th day after the experiment started,

Table 3. Growth of Porphyra with addition of TRIS
on a bacteria-free culture.

Addition Remarks on growth
mg % 14 days 30 days
None Reddish Reddish
but growing but growing
TRIS 50 Normal and Norrqal and
growing growing

Table 4. Growth of Porphyra with addition of TRIS
on a bacteria-free culture.

Addition Remarks on growth
mg % 9 days 16 days 19 days
N Reddish Reddish Pale
one . .
but growing but growing 5mm long

Normal and
growing
faster

Normal

TRIS 50 Normal and
lcm long

growing
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Table 5. Growth of Porphyra with additions of TRIS
and sodium bicarbonate on a bacteria-free culture.

Addition Remarks on growth
mg % 3 days 21 days 30 days
None Growing Growing tli?tt aglli‘szving‘
. Normal and
TRIS 50 . Growing .
NaHCO; 16.8 Growing faster o

Table 6. Growth of Porphyra with additions of TRIS
and sodium bicarbonate on a bactria-free culture.

Addition Remarks on growth
mg % 3 days 9 days 21 days
: Normal and .
None Growing growing Growing
Growing
TRIS 50 . Normal and
NaHCOj3 16.8 Growing growing faster

S5mm long

Table 7. Growth of Porphyra on a bacteria-free culture.

Addition Remarks on growth
mg % 39 days 44 days
ASW Growin Growing
g 5mm long

Table 8. Growth of Porphra on a bacteria-free culture.

Addition Remarks on growth
mg % 10 days 14 days 22 days
i ; Growing
ASW Growing Growing 5o long

Porphyra did not grow well and reached only 5mm in length.In experiment 6
(Table 8), the media were not replaced. On the 22th day after the experiment

started, Porphyra attained 5mm in length.
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Discussion

A sterilization of Porphyra was not always an easy work. It was certain,
however, that better results came out with using a thallus less than 1 mm long.
In most cases, Flavobacterium was the last to disappear in the process of
sterilization. In the previous experiment* it was found that Flavobacterium
disappeared from the bacterial flora and Pseudomonas or Vibrio predominated
on the surface of Porphyra when it was grown with casamino acids. Therefore
it might be a better way to apply some sterilization after the bacterial flora
is changed.

As the culture vessels were not large enough, the Porphyra grew only 3cm
long at most. The growth was also observed to retard, and colour of the plant
was paled in less amount of carbonic acid substances. However it could be said
that the Porphyra in bacteria-free culture grows healthy with shaking and
replacing media during the culture. Shaking is assumed to play an important
role in getting carbonic acid substances to the surface of Porphyra. The
carbonic acid substances are certainly one of the indispensable factors for the
growth of Porphyra in bacteria-free culture. This is confirmed in the experi-
ment of an amino acids analysis* and a tracer experment using 14C** that the
bacteria take great part in producing CO2 production. The calculation from a
continuous culture of Porphyra*** shows that 10 m{ of artificial seawater with
casamino acids generates 0.06 mg of carbon as pH changes from 8.0 to 84. This
amount of carbon keeps growing 0.9 mg of the Porphyra in dry for a day if the
content of carbon is 40 % of total weight and if the growth rate is 16 % a day.
At the end of the experiment 3, the Porphyra reached 3cm long, weighing 1.8
mg in dry. Since the artificial seawater of 10 m¢ can only sustain 0.9 mg, the
calculation says that the Porphyra of 3cm long is not able to keep the growth
of 16 %, even a day. A bacteria-free culture could be brought up the same
growth rate as a bacterized one if there is enough carbonic acid substances in
the medium. However, the Porphyra cultured in the laboratory does not look
so healthy as the one grown in the field, though the growth rate does not
differ much. A bacteria-free culture should be further carried out to elucidate

this problem.

* Uupublished
* Abstracts of Ann. Meetg. of Japan. Soc. Phycol., Tokyo. Apr. 1977, p 42
# % Abstracts of Ann. Meetg. of Japan. Soc. Phycol., Tokyo, Apr. 1977, p 42
%k ok Abstracts of Ann. Meetg. of Japan. Soc. Sci. Fish., Tokyo, Apr. 1977, p 41
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Summary

Porphyra did not grow well in a bacteria-free batch culture with a defined
medium. From the facts that unlike one-celled or unisriate algae, ones of
more complicated shape usually do not grow without an aeration or shaking
even in a bacterized state, a bacteria-free shaking culture was designed to
investigate whether Porphyra grows or not, in the first place, with the defined
medium.

The following results were obtained from six experiments. 1. Porphyra grew
better in the shaking culture. 2. It grew better with TRIS than without.
3. It grew better with 2 times concentrations of carbonic acid substances than
the concentration in the defined medium. 4. It grew better with repetition of
medium.

It is assumed that the main reason for bad growth of Porphyra in bacteria-
free culture is the deficiency of carbonic acid substances from the present
experiments and another experiments of an amino acids analysis, of a tracer
experment using 14C, and of a continuous culture of Porphyra. Therefore, it is
possible that Porphyra grows normally in bacteria-free culture to an adult

thallus, if there is sufficient carbonic acid substances.
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