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Availability of Deep Seawater and Effects of Bacteria
Isolated from Deep Seawater on the Mass Culture
of Food Microalga Chaetoceros ceratosporum
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(Received October 28, 1991)

The possible availability of deep seawater (DSW ; seawater under the euphotic layer) and bac-
teria isolated from DSW (BDS) for the mass culture of food microalga Chaetoceros ceratosporum
was investigated. Seawater samples pumped up from a depth of 320 m at the kochi Deep Seawater
Laboratory in Muroto, Kochi Prefecture, were collected and used for cultivation of C. ceratos-
porum. Growth rate (u: reciprocal of the dubling time) and maximum cell yields (MCY) of the
alga in untreated DSW were 1.25-2.22 (average 1.72)-day~! and 2-11 (average 6)x 10° cells/m/,
respectively. 'When compared with those obtained by ASP; medium, the average « in DSW was
about 90%; and the values of MCY were 5-20% of those in ASP,. The values of MCY, however,
showed a relatively large variance according to the sampling season of DSW. When some BDS
were added to DSW, the growth of C. ceratosporum was often stimulated significantly: the u
values were 1.82-2.86 (average 2.27)-day~! and MCYs were 4-12 (average 8)x10° cells/ml.
Moreover, the variance of # and MCY according to the sampling season tended to decrease when
BDS were added. These results suggest that DSW has a high potential for cultivating food micro-

algae, and it can be made more stable and effective by adding BDS.

Seawater under the euphotic layer, which is
defined here as “Deep Seawater (DSW)”, has
several characteristic properties; the water tem-
perature is constant of below 10°C throughout
the year, the water is very clean, and contains
less organic matter and few pathogenic micro-
organisms. Recently, the possible availability
of DSW due to these useful properties has been
intensively studied by several research groups.
In Hawaii, DSW is used for maricultures of ab-
alone and “‘nori” Porphyra tenera after it has been
used for the air conditioning of housing and elec-
tricity generation.*®* DSW of fjords is also
utilized for some salmon production in Norway.*¢
Mass cultivation of food microalgae using high
concentration of inorganic nutrients in DSW is
another possibility, which was introduced from
high productivities in upwelling areas” due to
its abundant nutrients. The facility of the Deep
Seawater Laboratory of Kochi was founded at
Muroto City in Kochi in 1989 and DSW from

320 m depth is pumped up to the laboratory.
A large amount of DSW has recently been readily
available in Japan as well.

In DSW, on the other hand, is contained a
relatively small amount of organic chelators,
which resulted in the elongation of lag phases of
phytoplankton growth,” and also contained are
some toxic substances such as copper ions.¥

Chaetoceros ceratosporum is a species of mon-
odispersed diatom which is suitably used as a living
food for planktonic larvae of some sea urchins and
bivalves.*-® It is therefore very important to
establish a stable mass-culturing technique for
the species, and the potential availability of DSW
for this purpose has recently been studied.

It is now widely recognized that bacteria are
one of the most effective organisms that influence
the growth of microalgae.®~® A previous study®
reported that several bacterial strains isolated
from DSW (BDS: bacteria from deep seawater)
showed significant growth-promoting effects on
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C. ceratosporum and no BDS among ca. 100
isolates did show any inhibitory effects on the
growth of this alga. These results suggest the
possibility of stimulating the cultivation of C.
ceratosporum by using the BDS. In that work,?
however, a nutrient-rich medium was used for
incubating the alga, and there is no information
available on the potentiality of DSW and the
effect of BDS to culture the C. ceratosporum
in DSW.

In the present study, we investigated the avail-
ability of DSW for cultivating a food microalga
C. ceratosporum and evaluated the possibility
to establish the stable mass culture of the alga
by using the BDS.

Materials and Methods

C. ceratosporum was Xkindly provided from
Japan Marine Science and Technology Center.
An axenic clone culture of the alga was obtained
by successive rinsing with capillaries in a mixture
of 5 antibiotics (streptomycin, penicillin G
potassium salt, polymyxin, chloramphenicol, and
erythromycin; 20 ug/m/ for each).”? DSW of
320 m depth was collected with sterile glass bottles
at Deep Seawater Laboratory of Kochi from
April to December in 1990. To subsamples of
either untreated DSW or those filtered through
sterile 0.2 um Millipore filters (“filtered DSW™)
were inoculated an axenic culture of C. cer-
atosporum previously incubated in fiter-sterilized
DSW for 4 days. The initial density of C. cer-
atosporum was ca. 5x10%cells/m/. During in-
cubation for 1 week at 20°C with the L: D cycle
of 12:12 under 10,000 lux, the numbers of the
alga were counted and growth patterns were
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Fig. 1. Scheme of the experimental procedure.
DSW,*! deep seawater; BDS,*? bacteria isolated
from deep seawater.

compared with those in ASP, medium to evaluate
the potentiality of DSW for culturing of C.
ceratosporum (Fig. 1, A and C).

Eight strains of BDS (DM-6, DM-10, DO-5,
DO-7, DN-8, DN-9, DN-10, and DN-17), which
showed significant growth-promoting effects on
C. ceratoporum in ASP, medium as described
previously,” were used for the experiment. Each
BDS was incubated at 15°C for 2 or 3 days in a
FeTY medium containing 0.5 g trypticase peptone,
0.05 g yeast extract, and 0.01 g ferric citrate in
80%, aged seawater, and both bacterial cells and
C. ceratosporum in the exponential growth phases
were added simultaneously to other subsamples
of both untreated and filtered DSW. These
samples were incubated in the same way as describ-
ed as above, and the effects of BDS on the growth
of the alga in DSW were determined (Fig. 1, B
and D). Initial densities of the alga and the
bacteria were about 5x10° and 1x10* cells/m/,

Table 1. Seasonal fluctuations of the potentiality of untreated or 0.2 um-filtered (Filtered) Deep
Seawater (DSW) for the growth of Chaetoceros ceratosporum

Untreated DSW Filtered DSW

Sampling

Date *1 MCY*2 n¥l MCY*2
day—! »% 109 cells/m/ day~! x 10° cells/m/

Apr. 20 2.22 9.1 2.00 6.7
Jun. 28 2.00 7.7 2.22 7.7
Aug. 28 1.67 2.2 1.67 2.4
Sep. 28 1.67 2.6 1.67 5.9
Oct. 15 1.25 5.3 1.33 8.1
Dec. 19 1.53 i1.0 1.67 12.5
Average 1.72 6.3 1.7 7.2
(+SD) (+0.31) ( +£3.3) (£0.28) (£ 3.0)

*1 Growth rate as reciprocal of the dubling time (d).
*2 Maximum cell yield.
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Fig. 2. Growth curves of Chaetoceros ceratosporum in untreated or 0.2 um-filtered Deep Seawater
(DSW) (A), and with or without a bacterium (DM-6 strain) isolated from DSW in untreated (B)
or filtered (C) DSW collected on June 28, 1990.
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Fig. 3. Growth curves of Chaetoceros ceratosporum in untreated or 0.2 um-filtered Deep Seawater
(DSW) (A), and with or without a bacterium (DN-10 strain) isolated from DSW in untreated
(B) or filtered (C) DSW collected on October 15, 1990.
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respectively.

Results and Discussion

Two examples of the growth pattern of C.
ceratosporum in untreated DSW were illustrated
in Figs. 2A and 3A. Growth rates (x) calculated
as reciprocals of the dubling time and maximum
cell yields (MCY) of the alga in untreated
DSW were 1.25-2.22 (average 1.72)-day~! and
2~11 (average 6) x 10%cells/ml, respectively (Table
1). Since the ¢ and MCY of C. ceratosporum
growing in ASP, medium were 1.92-day~! and
6 %108 cells/ml, respectively,” the average u in
DSW was about 90% and values of MCY were
5-209% of those in ASP,. It was previously re-
ported that the minimal cell density of C. cerato-
sporum to support the mass culture of sea urchin
and bivalve larvae was about 1x10¢ cells/m/»
The MCY in this study was always more than
one order of magnitude greater than the minimal
value, suggesting that DSW has high AGP (algal
growth potential) enough to support the cul-
tivation of C. ceratosporum as food diatom,
probably due to its high nutrient concentration
(initial values in Fig. 4).

The values of MCY, however, showed a rel-
latively large variance with the sampling season
of DSW (Table 1). The fluctuation did not
coincide with that of any inorganic nutrient.*
There is apparently a tendency that AGP of DSW
for C. ceratosporum based on MCY was high in
winter and low in summer (Table 1). These
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Fig. 4. Fluctuations of NO,-N (A), NH,-N (B), and
PO,-P (C) concentrations in untreated or 0.2 zm-
filtered DSW collected on December 19, 1990,
during incubation with bacteria isolated from
DSW.

Table 2. Effects of the addition of bacteria isolated from Deep Seawater (DSW) on the growth
of Chaetoceros ceratosporum in untreated DSW

] DSW DSW with bacteria

Sampling

Date *1 MCY*2 pkt MCY*2 strain*?

day~! x 10° cells/m/ day~* X 10% cells/m/ added

Apr. 20 2.22 9.1 2.22 7.2 DN-17
Jun. 28 2.00 7.7 2.22 7.2 DM- 6
Aug. 28 1.67 2.2 2.50 4.1 DN-17
Sep. 28 1.67 2.6 2.00 5.9 DO- 5
Oct. 15 1.25 5.3 2.86 12.0 DN-10
Dec. 19 1.53 11.0 1.82 11.0 6 Mixture
Average 1.72 6.3 2.27 7.9

(+SD) (+£0.31) (+£3.3) (+0.34) (+£2.8)

*L Growth rate as reciprocal of the dubling time (d).
*2  Maximum cell yield,

*3  The most stimulative bacterium among 8 strains added were described.

* T. Toyota, T. Nakashima, T. Fujita, and S. Ishii:

The deep seawater delivery system in Kochi. Summa-

ry of Lectures, ‘“The international forum on deep sea water,”” 1991, pp. 125-127.
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results strongly suggest that water quality of DSW
fluctuated seasonaly in terms of not only in-
organic nutrient concentration but also some
growth-promoting and/or -inhibiting factors
present in DSW for the alga.

An influence of filtration on the AGP of DSW
for C. ceratosporum was investigated (Table 1).
MCY of C. ceratosporum in 0.2 um-filtered DSW
was sometimes higher than that in untreated DSW
while the difference of u values between the two
was insignificant. On some occasions, although
MCY was similar in both untreated and filtered
DSW, algal cell density after reaching stationary
growth phase decreased quickly in untreated DSW,
whereas the cell number in fillered DSW was
kept nearly constant until the 10th day (Fig. 2A).
These results indicate that some inhibitory fac-
tors against the growth of C. ceratosporum in
DSW were present as particulate materials.
Such inhibiting factors could possibly be spec-
ulated as micrograzers including protozoa.

Effects of the addition of BDS on the growth
of C. ceratosporum in DSW were shown in Figs.
2 B, O) and 3 (B, C). The effect of BDS was
not so obvious, or sometimes was rather sup-
pressive (Fig. 2C) when 0.2 pm-filtered DSW
was used for cultivation. In untreated DSW,
however, the growth was often significantly
stimulated by the addition of some strains of
BDS (Fig. 3B). In Table 2 were described the
values of ¢ and MCY of C. ceratosporum stimulat-
ed by the addition of the most effective bacterium
among 8§ strains at each sampling occasion. The
u values of C. ceratosporum in untreated DSW
usually increased significantly to 1.82-2.86 (aver-
age 2.27)-day.”* The MCY occasionally in-
creased, too, and ranged between 4-12 (average
8) x10°cells/m/ (Table 2). Even though both
# and MCY were not stimulated, BDS main-
tained a nearly constant algal density for a longer
period after reaching the stationary phase (Fig.
2B). Bacterial promoting effects on MCY of
C. ceratosporum were more evident when AGP
of DSW were lower. Moreover, variance of n
and MCY along with the sampling season tended
to decrease with BDS added. Untreated DSW,
of course, contains bacteria originally living in
DSW. Isolates of BDS added to C. ceratosporum
cultures grew actively and showed dense turbidity,
while untreated DSW without the addition of
BDS isolates gave just slight turbidity after in-
cubation with C. ceratosporum. These results
strongly suggest that some strains of BDS affect
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the growth of C. ceratosporum by supplying
growth-promoting factors which were in shortage
in DSW and/or by eliminating or inactivating
the growth-inhibiting factors in DSW. These
BDS, in return, recieved growth-substrates from
C. ceratosporum indicating that they had syn-
trophic relationships.

Since the most effective strain among 8 BDS
isolated changed from time to time, mixture of
6 strains (DM-6, DO-5, DN-§, DN-9, DN-10,
and DN-17) excluding 2 strains (DM-10 and
DO-7), which were not so effective, was added
to the culture. The result (data not shown)
showed that even a mixture of 6 strains showed a
stimulative effect on the x nearly as similar to
that by the most effective strain in each occasion.
This result showed that there were no interfering
effects among BDS added nor would they be com-
petitive or cooperative one another. Therefore,
the addition of mixture of 6 strains is the best
way to obtain a constant growth-promoting
effect from BDS.

As the growth-promoting effect of BDS was
more significant in the untreated DSW, the follow-
ing experiment was carried out to clarify the
growth-promoting mechanisms. Into both un-
treated and filtered DSW collected on December
19 in 1990, were inoculated cell suspensions of
BDS solely (without C. ceratosporum) and these
were incubated in similar light conditions to the
usual cultivation of C. ceratosporum for several
days. During the incubation, fluctuations of
the concentration of NH,-N, NO;-N, and PO,-P
were measured. The results (Fig. 4) showed that
nutrient concentration increased significantly in
untreated DSW. The growth of microalgae
originally present in DSW was confirmed after
the 4th day in untreated DSW, resulting in the
consequent decrease of ammonium. This result
indicates that an increase in inorganic nutrients
derived from the decomposition of suspended
materials due to the bacterial activity was one of
the growth-promoting effects for C. ceratosporum.

From results of the present study, it was sug-
gested that DSW was a promising resource, and
that untreated “‘raw” DSW, which would be
practically used in aquaculture plant, could be
utilized for the stable and effective mass culture
of C. ceratosporum by adding some useful BDS
isolated in the present study.
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