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Estimation of Cochlodinium polykrikoides growth potential using a dialysis membrane
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Abstract: We developed a test to measure the growth potential of C. polykrikoides using a dialysis membrane and artificial seawater. Nitrite nitrogen and
inorganic phosphorus in the medium were almost completely removed when the medium was dialyzed against artificial seawater for five or more 6-hour cycles
using a dialysis membrane (Spectrum’s Spectra/Por®7 Membrane) with a molecular-weight cut-off of 50,000, regardless of the presence of C. polykrikoides.
The phytoplankton grew well even after dialysis. To estimate the growth potential of C. polykrikoides, a minimum initial concentration of >100 cells/ml is
required. Methods using short-term starvation culturing of C. polykrikoides to measure growth potential were determined to be ineffective; instead, controlled
tests using artificial seawater are recommended. The dialysis membrane used in this study can also be employed to measure the algal growth potential of other

phytoplankton species.
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Introduction

Algal growth potential (AGP)is frequently determined using
an algal assay procedure to obtain information regarding limiting
nutrients and the mechanisms of phytoplankton growth. Originally,
measurements of AGP in seawater, as developed by the National
Environmental Pollution Research Institute of Japan, used single
strains of phytoplankton, such as Thalassiosira pseudonana,
Dunaliella tertiolecta, Hornellia sp, Heterosigma sp, and
Skeletonema costatum (Sudo et al., 1981; Mahoney, 1989).
However, since 1980, mostly indigenous phytoplankton assemblages
have been used, particularly for identifying nutrients that limit
phytoplankton growth (Caraco et al., 1987; Harrison et al., 1990;
Fisher et al., 1992). In 1996, the classification of indigenous
phytoplankton by size using an AGP assay was reported (Lee et al.,
1996).

In Korea, red tide caused by Cochlodinium polykrikoides
occurs every year around the southern and eastern coastal areas
resulting in enormous economic damage (Kim et al., 1997; Kim,
1998). No effective countermeasures have been developed, and
the damage can only be reduced by measures such as scattering of
loess (Bae et al., 1998). Therefore, identifying the mechanisms
of C. polykrikoides-induced red tide is important for preventing
outbreaks of this species. Although several lines of research are
being pursued (Kim et al., 1999; Mathivanan et al., 2007; Yang et
al., 2000), detailed mechanisms have not yet been elucidated.

One approach to determining the mechanisms of
C. polykrikoides red tide is to use an AGP test for C. polykrikoides.
However, C. polykrikoides concentrations in marine water are very
low, except during the red tide period. Even then, however, the alga
isfound only in limited marine areas. Therefore, cultured
C. polykrikoides have been used to conduct laboratory AGP tests.

Inthese tests, suspensions of phytoplankton in artificial seawater are
repeatedly centrifuged to remove nutrients, such as nitrogen,
phosphorus, and vitamins. However, during or after centrifugation of
C. polykrikoides, many problems occur, such as poor pelleting of the
cells or damage to the cells to the extent that they are unable to grow.
An alternative method is washing the cells with artificial seawater
using filter paper. In this case, evenif the filter paper is of an appropriate
pore size, the quantity of C. polykrikoides will gradually diminish
because some of the cells pass through the filter paper each time.
Furthermore, filtering is very time-consuming. To circumvent these
problems, we developed an AGP test for C. polykrikoides using a
dialysis membrane and artificial seawater.

Materials and Methods

A Spectrum’s Spectra/Por®7 dialysis membrane with a
molecular-weight cut-off (MWCO) of 50,000 was used in this study.
The single-cell size of C. polykrikoides varies according to the culture
conditions, butit is typically between 28 and 48 um in length, and
between 17 and 31um in width. Thus, a membrane witha MWCO of
50,000 will not allow passage of C. polykrikoides cells.

The C. polykrikoides strain used in this study was isolated
during the summer of 2002 from the South Sea of Korea. The medium
for maintenance of the stock culture and all experiments consisted of
Na,SiO,-excluded f/2 medium and surface seawater from the
Kuroshio Current region (Guillard and Ryther, 1962).

To determine the dilution level of the medium during dialysis,
concentrated stock solutions of NaNO, and NaH,PO, were added to
the stock culture medium. The nitrogen source contained in the f/2
medium is sodium nitrate. However, we used sodium nitritebecause
sample volume for sodium nitrite determination needs much than
sodium nitrate.
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Fig.1: Schematic diagram of medium washing method with artificial seawater
using a dialysis membrane

After sealing the bottom of the dialysis membrane, 100 ml of
medium mixed with nitrite nitrogen and inorganic phosphorus were
added, and the top of the membrane was sealed (Fig. 1). The
dialysis membrane was inserted into a 1 liter measuring cylinder
containing 900 ml of sterilized artificial seawater (Sudo et al., 1981),
and the cylinder was then sealed with Parafilm. After allowing the
cylinder to settle for some time, the medium inside the dialysis
membrane was extracted, and fresh artificial seawater was added to
the cylinder. The volume ratio between the medium and artificial
seawater was 1:9. The concentrations of nitrite nitrogen and inorganic
phosphorus in the extracted medium were determined using methods
described by Parsons et al. (1984). To determine the effect on C.
polykrikoides of washing out nitrite nitrogen andinorganic phosphorus
from the medium, C. polykrikoideswas added to the dialysis membrane
along with stock culture medium, and the above test was repeated.

C. polykrikoides was then cultured to determine the growth
potential of the cells after they had been washed with artificial seawater
in the dialysis membrane. Washing was carried out by dialyzing a cell
suspension against artificial seawater for five 6 hr cycles. The cells
were cultured by adding 5 ml of /2 medium into a 15 ml test tube,
followed by the washed C. polykrikoides cells. The initial concentrations
of the inoculate were 20, 50, 100, 200, and 500 cells/ml. Culturing
conditions were 23+2°C, 140+10 umol m? sec™' brightness, and a
12:12 hrcycle of light and darkness. Growth was monitored using a
PHYTO-PAM chl fluorometer (Schreiber et al., 2002).

To determine whether a starvation culture, which limits the
effects of the medium, was needed to accurately measure the growth
of C. polykrikoides, washed cells were cultured again after starvation
culture. Five ml of C. polykrikoides were washed with artificial
seawater for five 6 hr cycles and then transferred to a 15 ml test tube.
Starvation culture was carried out for 0, 2, 4 and 6 days under the
same culture conditions as described above. Subsequently, f/2
medium elements, with the exception of Na,SiO,, were added to the
test tubes and the cells were cultured further for various times. Growth
of starvation cultures was monitored as described above.

To determine whether washing method using dialysis
membrane can be employ to measure the AGP test of other
phytoplankton species, Heterosigma akashiwo and Prorocentrum
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Fig. 2: Changes in concentrations of NO,-N and PO,-P after rinsing with

artificial seawater. The exposure period and concentration of C. polykrikoides
were 12 hrand 0 cells/ml, respectively
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Fig. 3: Changes in concentrations of NO,-N and PO -P after rinsing with
artificial seawater. The exposure period was 6 hrand C. polykrikoides was
added ata concentration of 1,500 cells/ml

minimum, which are frequently bloom forming plankton in coastal
water of Korea, were cultured after five cycles of 6 hrrinses with
artificial seawaterin the dialysis membrane.

Results and Discussion

Washing of nitrogen and phosphorus: Figure 2 shows the
changesin concentration of nitrite nitrogen and inorganic phosphorus
in the medium as a function of the increased number of 12 hrwashings
with artificial seawater using a dialysis membrane. The initial
concentrations of nitrite nitrogen and inorganic phosphorus were
59.02and 41.81 uM, respectively. After the first washing with artificial
seawater, these values rapidly decreased to 7.45 and 11.37 pM,
respectively. As the number of washings increased, the concentrations
of both components decreased further. After the fifth washing, the
concentrations of nitrite nitrogen and inorganic phosphorus were
0.23 and 0.08 uM, respectively.

Figure 3 shows the results of dialysis in the presence of
1,500 C. polykrikoides cells/ml and 6 hr washings. Similar to the
results shown in Fig. 2, the concentrations of nitrite nitrogen and
inorganic phosphorus rapidly decreased to similar levels with an
increased number of washings and thus were not affected by the
presence of C. polykrikoides. Since the background nitrite nitrogen
and inorganic phosphorus concentrations in the artificial seawater
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Fig. 4: Growth curve of C. polykrikoides, Hetrosigma akashiwo and

Prorocentrum minimum at different initial concentration after rinsing with

artificial seawater using a dialysis membrane (five cycles of 6 hrrinses). All

treatments were done in triplicate (n=3)
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Fig. 5: Growth curve of C. polykrikoides in f/2 medium (minus Na,SiO,)
after different starvation periods. Starvation was preceded by five 6 hr cycles
of washing with artificial seawater. All reatments were done in friplicate (n=3)
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were about 0.3 and 0.1 uM, respectively, further removal of these
components from the medium was not possible. However, the
concentrations of medium components that are not present in the
artificial seawater should decrease even further following repeated
dialysis. Thus, it can be expected that almost every nutrient will be
removed from the medium after at least five 6 hr cycles of washing
with artificial seawater.

Growth and initial concentrations for measuring AGP after
rinsing with artificial seawater: C. polykrikoides was washed
with artificial seawater using a dialysis membrane for five 6 hr cycles
and theninoculated at different concentrations into f/2 medium. The
results of this experiment are shownin Fig. 4 A. Although the rate of
growth differed, C. polykrikoides grew even afterit had been washed
with artificial seawater.

In the AGP test, if the initial phytoplankton concentration is
high, a maximum growth yield can be obtained relatively quickly,
whereas with an inoculate containing a low concentration of cells,
almost double the amount of time is required (Fig. 4A). Inthis study,
more than 16 days were required to clearly measure growth when
the initial concentration of C. polykrikoides was 50 cells/ml or lower,
but fewer than 9 days were required when a concentration of 100
cells/ml or higher was used. Therefore, it seems that aminimum initial
C. polykrikoides concentration of 100 cells/ml is required. This is
similar tothe initial concentration used in a kinetics test of Gymnodinium
mikimotoi (Yamaguchi and Itakura, 1999).

Figure 4 B, C show the growth curve of Heterosigma
akashiwo and Prorocentrum minimum at different initial concentration
after rinsing with artificial seawater using a dialysis membrane for five
cycles of 6 hrrinses. Although the growth rate differed, Heterosigma
akashiwo and Prorocentrum minimum grew well even after they
had been washed with artificial seawater for five cycles of 6 hr
rinses.

Starvation culture: After C. polykrikoides was washed with artificial
seawater using a dialysis membrane for five 6 hr cycles, it was
starvation-cultured and then cultured further in f/2 medium. The
results of this experiment are shown in Fig. 5. In the control, which
was not shifted to f/2 medium or subjected to starvation culture, there
was almost no change in the yield of C. polykrikoides. However,
when f/2 medium was added, the maximum concentration of non-
starved cells after 6 days was nearly twice as high as the initial
concentration. Cells that had been subjected to starvation culture for
2,4, or 6 days also grew when shifted to f/2 medium.

Goldman et al. (1979) reported that phytoplankton take up
and store an excess of nutrients from rich medium. Therefore, cells
are subjected to starvation culture in order to minimize the influence
of the medium. However, during starvation culture, when
phytoplankton growth is limited by the limiting nutrient, the stored
nutrients will remain unused by the cells. In this study, even after 6
days of starvation, the addition of f/2 medium promoted growth of the
C. polykrikoides, suggesting that the excessive nutrients dissolved in
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seawater of the Kuroshio current region that were taken up and
stored by C. polykrikoides were not removed by starvation culturing.
Therefore, it seems that the short-term starvation culturing of
C. polykrikoides does not allow accurate AGP testing; instead,
controlled tests using artificial seawater are may provide more valid
results.
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