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Evaluation of the ETRmax in Microalgae Using
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In this study, the PHYTO-PAM-fluorometric method was used to evaluate the ETRma in terms of sensitivity
to DIN/DIP against 14 microalgae: Prorocentrum micans, Heterocapsa triquetra, Gymnodinium impudicum,
Gymnodinium catenatum, Amphidinium caterae, Chlorella vulgaris, Chroococcus minutus, Microcystis aerugino-
sa, Chlorella ellipsoidea, Nannochloris oculata, Qocystis lacustris, Chroomonas salina, Gloeocystis gigas, and
Prymnessium parvum. We found that P. micans, H. triquetra, and A. caterae exposed to the maximum level
of DIN/DIP were significantly smaller in the ETRms than that of the minimum and moderate mixture.
Unlikely the ETRma, the initial slope alpha was not significantly different at the level of 60 DIN/DIP. In G.
catenatum, the moderate levels of 15 and 20 in DIN/DIP were found to be significantly different from the
ETRumsx at Ch1-Ch4. Gymnodinium impudicum had a higher value than that of the ETRms than that of dino-
flagellates used in this study, ranging from 306.1 (Ch4, DIN/DIP: 10) to 520.1 (Ch4, DIN/DIP: 30). The
ETRua value obtained from other microalgae was similar to G. impudicum at any of the ratios of DIN/DIP
and channels. Consequently, the influence of offshore water current assures us of the suppression of photosyn-
thesis and electron transport rate in dinoflagellates. Gymnodinium impudicum has not been researched in the
area of ted tides in Korea, but it will be enough to creat the massive algal blooms in the future because of
higher potential photochemical availability.
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structure  (i.e,, productivity and composition) and
chemistry in an aquatic environment was tested”””,

1. A

The absorption of light by chlorophyll causes its
conversion to a highly unstable excited state. Chlorophyll
fluorescence can be used as a tool to determine both
the maximal and the effective efficiency of photo us-
age in photochemistry'””. One of features of the
PHYTO-PAM phytoplankton analyzer (Heinz Walz
GmbH, Effeltrich, Germany) measures the fluorescence
emitted from the chlorophylls of PS II, reflecting the
efficiency of photochemical energy conversion of a
PS II reaction center””. The PHYTO-PAM provides a
powerful tool to discriminate cyanobacteria, green al-
gae and diatoms because of 4 different excitation
wavelengths*®. Moreover, the application of the
PHYTO-PAM to assessing phytoplankton community
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Consequently, the introduction of the PHYTO-PAM
measuring technique with a compact and portable flu-
orometer became available, which contributed to many
practical applications’ ™',

Possibly, much of the ambient nutrients flux, con-
tinuous remineralisation, rapid recycling of dissolved
and particulate organic matters, and desirable temper-
ature in marine systems may play an important role
in the outbreak of dinoflagellates. It has long been
known that nitrogen and phosphorus sources play an
important role in limiting physiological characteristics
and metabolic activities in phytoplankton growth in
oceanic and coastal waters''®, It has become increas-
ingly apparent that the flux of dissolved inorganic ni-
trogen (DIN) and dissolved inorganic phosphorus
(DIP) may be directed to the growth of dinoflagetlates
in nature. Consequently, it is hypothesized that the
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desirable combination of the ratio of DIN/DIP can be
associated with dramatic fluctuations in molecular and
biochemical activities.

We carefully investigated the sensitivity of some
species of Dinophyceae, Chlorophyceae, Cyanophyceae,
ard Haptophyceae to the inhibitory effects of DIN/DIP
in cultures using the PHYTO-PAM fluorometer.

Materials and Methods

Cultures

A total of 14 microalgae were obtained from Korea
Marine Microalgae Culture Center, Pukyong University,
Busan, Korea (Table 1). More detail, Dinophyceae
(Frorocentrum micans, Heterocapsa triquetra, Gy-
mnodinium impudicum, Gymnodinium catenatum, and
Amphidinium caterae), Chlorophyceae (Nannochloris ocu-
lata, Gloeocystis gigas, Chlorella vulgaris, Chlorella el-
lipsoidea, Oocystis lacustris, and Chroomonas salina),
Cvanophyceae (Chroococcus minutus, and Microsystis
aeruginosa), Haptophyceae (Prymnessium parvum)
were tested. M. aeruginosa and C. ellipsoidea were
isolated from freshwater, whereas C. minutus and O.
lacustris were collected from estuary waters. The or-
ganism were grown in £/2-Si medium' at 20°C under
50 pmol m? s” light intensity with 12L:12D cycle
and maintained in exponential growth phase by serial
transfers of a constant volume of inoculum to fresh

medium once 25 days until required.

Teble 1. Microalgae used in this study

DIN/DIP

The N/P ratio was carried out in seven different
levels (5, 10, 15, 20, 30, 40, 60) for the N (NaNO;)
and P sources (NaH,PO; - H,O) with the supplement
of £/2-Si medium'”. Microalgae were exposed to 50
ml container (Nalgen) for 10 days at each combina-
tion of DIN and DIP under above-mentioned culture
conditions. These containers were cultured in triplicate.
Final concentration of Channel (Ch)l was adjusted to
approximately 50 pg 1" based on Chl fluorescence
analysis

Analysis

Chl fluorescence was measured with the PHYTO-
PAM (Walz, Germany) equipped with a standard 10
x 10 mm quartz cuvette. For excitation of Chl fluo-
rescence the PHYTO-PAM applies an array of four
different types of light emitting diodes (LED) peaking
at 470, 535, 620, and 650 nm. The PHYTO-PAM
was operated in conjunction with a notebook personal
computer and PhytoWin sofiware provided with the
instrument. Control determined the filtrate of a sample
that passed through a 0.45 um filter retaining all
microalgae. The parameters of the maximum electron
transport rate (ETRma) and initial slope alpha were
provided for opening a window listing the Curve Fit
Parameters for Ch1-Ch4. The ETR is given in relative
units as calculated by the fluorometer software. The
relative units are proportional to pmol electrons m”

Species Strain No. Location Time
Prorocentrum micans D-008 Busan none'
Heterocapsa triquetra D-009 Yeosu December, 1998
Gymnodinium impudicum D-085 Narodo none’
Gymnodinium catenatum D-099 Yellow Sea none'
Amphidinium caterae D-019 Yoido March, 1999
Chlorella vulgaris EC-003 Hwajinpo July, 1995
Chroococcus minutus CY-042 Busan August, 1995
Microcystis aeruginosa FC-070 Nakdong river August, 1995
Chlorella ellipsoidea FC-006 none’ none’
Nannochloris oculata C-031 none’ none’

Oocystis lacustris EC-016 Busan September, 1999
Chroomonas salina CR-002 Haeundae May, 1997
Gloeocystis gigas C-133 Yeosu April, 1998
Prymnessium parvum H-20 Jejudo March, 1996

Note:
vide the sample from UTEX
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' means no registration of sampling time in KMCC (Korea Marine Microalgae Culture Center), ? represents to pro-
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s', ETRumax was calculated as:

PAR
a’ PAR> + b PAR + ¢

ETR (umol electrons  _
g' Chla -8

where, a, b, ¢ is the least square deviation and
PAR (umol quanta m? s') is a scalar irradiance.
Multiple Duncan test was performed with SPSS ver
10.0 software at a significance level of p<0.05.

Results

The ETRpa, initial slope alpha, and r* of rapid
light curves of microalgae using the PHYTO-PAM
exposed to different ratio of DIN/DIP in cultures
(Table 2). In dinoflagellates, the cells of P. micans,
H. triquetra, and A. caterae exposed to the maximum
level of DIN/DIP in cultures were found to have the
ETRmsx which was significantly (Duncan Multiple test,
p<0.05) smaller than that of the minimum and moder-
ate mixture. Subsequently, the values of P were
shown to be somewhat lower. In contrast to the
ETRmax, the initial slope alpha was mnot significantly
different, although the cells were cultured to the value
of 60 with DIN/DIP. Interestingly, G. impudicum had
a higher value of the ETRpma than that of dinoflagellates
used in this study. The ETRma in G. impudicum
ranged from 306.1 (Ch4, DIN/DIP: 10) to 520.1 (Ch4,
DIN/DIP: 30). In particular, the cell showed higher
levels of the ETRma and #° than that of Ch and the
mixture of DIN/DIP. Gymnodinium catenatum had a
somewhat different value of the ETRnax against P. mi-
cans, H. triquetra, and A. caterae. Those cells had
significantly different signs of the ETRua exposed to
60 of DIN/DIP, whereas G. catenatum did not show
anything significant in this regard. The moderate lev-
els of 15 and 20 in DIN/DIP were shown to be sig-
nificantly different from the ETRpa at Ch1-Ch4, com-
pared with any combination. The ETRpsx from C. vul-
garis, C. minutus, M. aeruginosa, C. ellipsoidea, N.
oculata, O. lacustris, C. salina, G. gigas, and P. par-
vum was relatively similar to G. impudicum at any of
the ratios of DIN/DIP and channels. On the basis of
statistical analysis, a comparison of those cells and G.
impudicum among dinoflagellates did not reveal any
significant differences, but other dinoflagellates were
extremely separated from those cells. The contribution
to variance of the ETRmy from DIN/DIP was remark-
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ably higher depending on microalgae than that of ini-
tial slope alpha, which was not significantly different.

Discussion

With the fluctuation of the ratio of DIN/DIP in
culture, tested dinoflagellates showed a suppression of
photochemical efficiency and oxygen availability. Our
study clearly suggested that N-deficient and P-deficient
nutrient mediums should be attained to significantly
decrease the relative ETRms for P. micans, H. trique-
tra, G. catenatum, and A. caterae. Rapid light curves
which were used to provide information on the in-
hibition of the photosynthesis were also remarkably
decreased for testing dinoflagellates. The reduction of
the ETRnu is associated with the inhibition of PSII
activity rather than the dark reactions of photosyn-
thesis'. Consequently, the effect of the lack of nitro-
gen and phosphorus sources on photosynthetic activity
is caused indirectly so that uptake efficiency is lower.
Therefore, it becomes obvious that photochemical
yield from electron transport gives an indication of
the DIN/DIP effect. Prorocentrum micans, H. trique-
tra, G. catenatum, and A. caterae are highly depend-
ent and sensitive to inhibitory photochemical avail-
ability according to the effect of DIN/DIP.

In a comparison of the ETRma of different species
of dinoflagellates, G. impudicum under the influence
of DIN/DIP showed a considerable difference. In this
study, the fluctuations of the ETRma in G. impudicum
with the effect of DIN/DIP were not found at any of
channels (Table 2). Gymnodinium impudicum was
found at the similar ETRps, with cyanobacterial
species. In particular, the correlations with rapid light
curves and corresponding photo intensity were sharply
lineally It is assumed that G.
impudicum has a physiological efficiency to adapt and
use higher irradiance without any photo inhibition
response. It is suggested that G. impudicum should be
regarded as one of the most photochemically active
dinoflagellates. Lee et al'®. reported that the growth
response of G. impudicum to different combinations of
temperature, salinity, irradiance and nutrients showed
euryhalic and higher characteristics. This indicates that
the results from growth experiments in cultures
somewhat agreed with our present study using the
PHYTO-PAM flurometer.

Although G. impudicum has a remarkable capability

and increased.
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of photosynthesis, there have been no reports on
blooming in Korean coastal waters except for the first
outbreak in the waters of Tongyong in 1997'7.
Prorocentrum micans, H. triquetra, G. catenatum, and
A. caterae had annual occurrences of algal blooms in
Korean waters'”. A study of the reasons why blooms
caused by G. impudicum are not occurring is
underway. The present data has been used to under-
stand why the massive blooms of G. impudicum in
inshore enriched nutrients and offshore waters occur
with the depletion of nutrients.

We may conclude that the sensitivity of algae to
DIN/DIP evaluated by the PHYTO-PAM fluorometry
parameters is significantly heterogenous among spe-
cies; in particular, some dinoflagellates (P. micans, H.
triquetra, G. catenatum, and A. caterae) had a de-
creased the ETRpax with the effect of P and N-limited
medium in cultures. However, G. impudicum and cya-
nobacterial species were not found to have a consid-
erable fluctuation of the ETRys exposed to DIN/DIP.
It is thought that G. impudicum may differ in terms
of photo-physiological characteristics (i.e. the ways in
which this species adapts to the extreme environment)
frem dinoflagellates. Consequently, the coastal regions
of the South Sea of Korea are more vulnerable to the
influence of offshore water currents than any other
waters in Korea, based on geographical characteristics,
possibly resulting in the outbreak of massive algal
blooms of G. impudicum. In future, the PHYTO-PAM
method will be used to biotoxin for monitoring and
other prediction programs in Korea.
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