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RESUMEN

Se estudio el efecto de diferentes irradianzas en el crecimiento y proporcién de pigmentos accesorios/clorofila a en
Thalassiosira pseudonana cultivada durante cinco dias bajo cuatro irradianzas (50, 150, 300 y 750 pmol quanta m2s™") en
medio f/2. Se determin¢ diariamente el crecimiento y la composicion de pigmentos para cada tratamiento. La densidad
inicial promedio para los distintos tratamientos fue 1.15 + 0.057 x 10° cél ml”, la cual se incrementd a 1.21 + 0.012 106
cél ml en los primeros dos dias de cultivo y no hubo cambios significativos entre irradianzas. Las tasas de crecimiento
disminuyeron con los nimeros finales de células siendo similares entre tratamientos a excepcion de la irradiacion
mas baja, que aumento su densidad celular. Las concentraciones de clorofila @ y fucoxantina mostraron diferencias
estadisticas (p < 0.001) entre los diferentes niveles de luz. Estas concentraciones fueron siempre mayores en bajas
irradianzas. La diadinoxantina disminuyé ante el increment6 de la irradianza, lo contrario ocurrié con la diatoxantina. Las
proporciones fucoxantina/clorofila @ no fueron significativamente afectadas por el nivel de irradianzas (p = 0.444), pero si
por el tiempo de cultivo (p = 0.003). Las proporciones diatoxantina/clorofila a se incrementan con la irradianza y tiempo
de cultivo, con valores mayores en altas irradianzas, mientras que, las porporciones diadinoxantina/clorofila a sélo
aumentaron en 750 pmol quanta m?2 s™'. Se concluye que variaciones en la intensidad de luz no modifican la densidad
celular de T. pseudonana, pero si tienen un efecto significativo en proporciones de pigmentos accesorios/clorofila a.

Palabras claves: Crecimiento microalgal, proporciones de pigmentos, Thalassiosira pseudonana, irradianzas.

ABSTRACT

This study investigated how different light conditions affect the growth and accessory pigment to chlorophyll a ratios
in Thalassiosira pseudonana. The microalga was grown for five days under four irradiances (50, 150, 300 and 750 umol
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quanta m?2 s™') with f/2 medium. Daily growth and pigment composition were determined for each treatment. Initial
mean cellular density for all treatment was 1.15 + 0.057 x 10° cell mI"', which increased the first two days of culture to
1.21£0.012 x 106 cell mI" on average and did not show significant changes among irradiances. Growth rates decreased
with the final cell numbers being similar among treatments except for the lowest irradiance, which increased their
cellular density. Chlorophyll a and fucoxanthin concentrations showed statistically significant differences (p < 0.001)
among the different levels of light. These concentrations were always higher at low than at high irradiances. For
diadinoxanthin the concentrations decreased as the irradiance increased, which was contrary to what occurred with
diatoxanthin. Fucoxanthin to chlorophyll a ratio was not significantly affected by the irradiance level (p = 0.444), but did
change during time under culture (p = 0.003). Diatoxanthin to chlorophyll a ratios increased among different irradiances
and with time, with higher values at high irradiances, whereas, diadinoxanthin to chlorophyll a ratios only increased
at 750 pmol quanta m2 s™'. It is concluded that variations in light intensity did not change the cellular densities of T.

pseudonana but did have significant effects on accessory pigment to chlorophyll a ratios.

Keys words: Microalgal growth, pigments ratios, Thalassiosira pseudonana, irradiance.

INTRODUCTION

Thallasiosira pseudonana Hasle et Heimdal is a marine
centric diatom with a cell width of 4-5 ym (Andersen et al., 1997)
and frequently occurs in neritic waters. It has chlorophyll a
and the unique accessory pigment fucoxanthin which can vary
as a function of light, nutrient status and specific growth rate.
This species is generally cultured to produce food for marine
invertebrate larvae and often variations in nutrients modify the
growth rate (Parslow et al, 1984; Thompson, 1999), hiochemi-
cal and pigment composition (Sciandra et al,, 2000; Vonshak &
Torzillo, 2004). A better understanding of pigment composition
of T pseudonana under different culture conditions is needed
in order to know their effect on total chlorophyll a and pigment
ratios in this specific taxonomic group. It is also important to
take into account that environmental changes in laboratory take
place at different time scales with respect to natural environment
systems, where seasonal cycles are varying according to the
climatic and geographical location. These conditions not only
affect pigment content of phytoplankton but also its taxonomic
composition in the field.

Previous studies have examined the interaction between
nitrogen and/or carbon limitation on specific growth rate of T
pseudonana and chlorophyll a: carbon ratio with changes in the
cells nutritional status (Clark, 2001). Also, others have considered
the effects of temperature on growth rate, cell composition,
nitrogen metabolism, light limitation and influence of CO, in the
cellular metabolism of T pseudonana (Stramski, et al, 2002;
Berges et al, 2002; Claquin et al, 2002; Bucciarelli & Sunda,
2003). In addition, chemotaxonomic studies have been done
to understand the contribution of different algal groups to the
accessory pigments to cholorophyll a ratios in light and nutrient
limitation conditions (Goericke & Montoya, 1998). Due to the

importance of the phytoplankton dynamics in the face of abiotic
factors, recent studies have evaluated the response of different
phytoplankton taxa to total chlorophyll a in natural samples as
well as in phytoplankton cultures (Stramski et al.,, 2002; Henriksen
et al.,, 2002; Platt et al., 2003). These studies showed that pigment
composition is affected by nutrient and light regimes and so it can
not be assumed that natural populations have similar responses
to those found for species grown in culture. It is important to
consider that in productive waters, the algae may be present
at such concentrations that self-shading may limit their growth,
and this also modifies their pigment concentration (Kirk, 1994).
In this respect, the present study evaluated the response of one
algal species to variation of light conditions and their effect on
the accessory pigments to chlorophyll a ratios under laboratory
conditions.

MATERIALS AND METHODS

Cultures. The centric diatom Thalassiosira pseudonana
was obtained from the culture collection of the Instituto de
Investigaciones Oceanoldgicas of the Universidad Auténoma de
Baja California, México and grown in /2 medium (Guillard, 1975).
Laboratory experiments were carried out with four different light
conditions (50, 150, 300 and 750 pmol quanta m? s') and one
concentration of NaNOs/NaH,P0, (883/36.3 uM) to evaluate the
effects of irradiance on growth and accessory pigments to chlo-
rophyll a ratios of T. pseudonana in batch cultures.

Cultures were started in Erlenmeyer flasks, using 200 ml of
media with duplicates for each treatment. Culture media were
autoclaved at 120 °C; 1.05 Kg cm of pressure for 15 minutes
and then each flask was inoculated with 10 ml of T. pseudonana
with concentrations of 1.48 + 0.001 x 108 cells mI"". These cultu-
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res were grown at 150 pmol quanta m?2 s, with four transfers
to new sterile medium, to acclimatize the cells to light and
nutrient conditions. The light was provided by fluorescent lamps
(day-light 75 W). An experimental range of irradiances, varying
from a minimum of 50 to a maximum of 750 pmol quanta m?Z s™!
(measured with a PAR scalar irradiance meter model QSL-100,
and 4z sensor from Biospherical Instruments were carried out in
Fernbach flasks (2.9 L of medium, n =2 for each treatment). These
were sterilized in the same way as described above. A volume of
200 ml of culture from the previous level Erlenmeyer was added
to each Fernbach under controlled conditions and initial average
cell densities of 1.15+0.057 x 10° cells mI"". The culture tempera-
ture was 21.7 £ 1 °C, salinity was 33. The pH was measured daily
with a pH meter (Altex) and adjusted within an interval of 7.3 to
8.5 by C0O, addition with a flow rate of 270 ml min™". Cell density
was assessed daily with a Coulter (Beckman Coulter) particle
counter Multisizer 3 by duplicate. Specific growth rate (u) day’
was calculated as follows:

g=In(Nq)-In(Ng)/t; - 1,

Where pi is specific growth rate (day), N; and N, are the
final and initial cellular densities and t; and t; are the final and
initial time, respectively.

Pigment analysis. For chlorophyll a and carotenoid pig-
ment analysis 10 ml samples were filtered daily through 25 mm
GF/F glass filters for all experimental conditions. Filters were
frozen and stored in liquid nitrogen and analyzed at Center for
Hydro-Optics and Remote Sensing (CHORS) at San Diego State
University. Prior to analysis, the filters were thawed, placed in
4 ml 100% acetone, sonicated for 10 seconds and stored in the
freezer for 24 hours. After that, the samples were centrifuged to
2000-x g for 5 minutes and then refiltered through 0.2 pm filters.
From the acetone extract 100 pL were injected into a HPLC sys-
tem according to the method described by Trees et al. (2000).

Statistical analysis. A two way analysis of variance was
used to determine the effects of irradiance and culture time on
pigment content and pigment ratios. To determine statistically
significant differences of the independent variables (p <0.05),
multiple comparison procedures (Tukey test) were performed.

RESULTS

Cellular density of T pseudonana increased during the
first two days of culture, although significant changes were not
found among the different irradiances. During the experiments,
differences in cellular density were observed, but they were not
statistically significant different (p = 0.179) among the various
light levels. Within each light condition, for the different days
of culturing there was a statistically significant difference (p <
0.001). Likewise, the maximum average cellular densities were
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found for the fourth day in all light conditions, except for the
50 pumol quanta m? s, which registered an increase in their
cellular density on the fifth day (Fig. 1). The final cell numbers
were similar in all treatments. At irradiances of 50 and 150 pmol
quanta m? s, the growth rates were 1.5 and 1.4, respectively,
but these declined the next day to average rates of 0.7 and 0.8
per day (Table 1). The same responses were observed during
these periods for 300 and 750 pmol quanta m2 s and were
essentially identical (1.6 for both treatments), decreasing to 0.7
per day (Table 1). From the third to fourth day, specific growth
rates decreased during the slower growth phase indicating that
cultures were beginning their stationary growth phase. After that,
cellular density decreased in all experiments except for the 50
pmol quanta m? s (Fig. 1; Table 1).

The pigments measured in T. pseudonana can be differen-
tiated into photosynthetic and photoprotective in regard to their
function in photosynthesis (Jeffrey & Vesk, 1997). The pigment
concentrations showed a wide range of variation, mainly related
to irradiance levels. Both chlorophyll a and the photosynthetic
carotenoid, fucoxanthin showed statistically significant differen-
ces (p <0.001) among light levels and culture times. In addition,
their concentrations were always higher at low irradiancies
(Table 2) and increased with cellular densities and culture
times. Maximum values of chlorophyll a (2265.9 + 72.2 yg L") and
fucoxanthin (544 + 35.4 ug L") were generally observed during
the fourth day of experiment. After this period, these pigment

2.0 7 pmol quanta m? s

—e— 50
—O— 150
—=— 300
1.51 —3— 750

Cell density mL™" x 108

0.5

0.0 T T T T T 1
0 1 2 3 4 5

Time (days)

Figure 1. Mean cellular density of Thalassiosira pseudonana under
different irradiance in batch culture. Vertical bars indicate standard
error (n=2).
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Table 1. Mean (+ standar error) specific growth rate (y day) of
Thalassiosira pseudonana grown under different irradiances in
batch culture: No specific growth rate was observed.

Irradiances (ymol qua nta m?s™)

Time

cultire 59 150 300 750
(days)

1 158017 146£007  160:0001 164006
2 072:013 088014  078:0007  073+004
3 005:002 008001  018:00001 0.19+003
4 014£003  0.19£001  018:0001  0.06+001
5 020003 - - -

(~) No specific growth rate

concentrations decreased. The photoprotective carotenoids,
diadinoxanthin and diatoxanthin showed statistically significant
differences (p <0.001; p <0.007) among the different light levels
and culture times respectively. These carotenoids were found at
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smaller concentrations than the other pigments. The concentra-
tion of accessory pigment diadinoxanthin decreased when the
irradiance increased, while the opposite trend occurred with
diatoxanthin (Table 2).

When T. pseudonana was grown at four irradiances it was
observed that the ratios of cellular fucoxanthin to total chloro-
phyll a content decreased in the second and third days of the
experiments (Table 3). Fucoxanthin to chlorophyll a ratios were
not significantly affected by the level of irradiance (p =0.444).
However, these ratios were significantly affected throughout the
culturing period (p =0.003). The mean ratios at irradiances of 50
and 150 pmol quanta m? s were 0.26 + 0.007 and 0.28 + 0.009
whereas at 300 and 750 pmol quanta m? s™! their mean ratios
were identical (0.27 + 0.009). On the other hand, diatoxanthin
to chlorophyll a ratios increased among different irradiances
and with culture time, with higher values at high irradiances,
whereas, diadinoxanthin to chlorophyll a ratios only increased at
750 pmol quanta m? s (Table 3). Within the different light levels
and culturing periods, diatoxanthin to chlorophyll a ratios showed

Table 2. Mean pigments content (ug L") of Thalassiosira pseudonana under different irradiances.

Time
(days) Irradiance® Chla Fuco. )] DT
50 4896 + 435 144.7 £ 226 21941 08+02
150 3437 +74.3 103.9+88 29321 12+03
1 300 3299 +344 93+32 21.7+06 28+02
750 2780 + 3.1 765+2.1 133+28 153+ 1.0
50 1131.1 £ 160.6 2944 +22.7 582 +4.4 37+19
150 993+ 5.6 2624+ 8.4 34+0.1 21957
2 300 683.2+29.8 170.7 £ 6.6 192+13 521+ 1.1
750 510177 114205 13703 137+13
50 17424 +103.9 4289+ 226 77710 16.5+7.1
150 1582.3 + 14.8 400£11.1 38+92 60.7+28
3 300 999.1 + 40.4 2426+79 29.1£07 808 1.1
750 477602 121612 34.2+06 92.1+12
50 2265.9 +71.2 544 + 354 832+75 59653
150 11504 + 49.5 315557 31403 +34
! 300 4453 + 41.6 120 £ 141 239+12 477+ 46
750 135.1£159 39.1+4.1 14114 326+3.3
50 1499.3 + 236.7 385.7 + 434 44 +£70 526+89
150 5445+ 1212 159.7 £+ 26.4 16.1+£29 248+9.7
: 300 106 + 4.2 329+12 78+03 153+05
750 1228 £76.3 385243 9.7+06 9+0.02

*(umol quanta m2s™); Chl , chlorophyll & Fuco., fucoxanthin; DD, diadinoxanthin; DT, diatoxanthin.
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significant differences (p <0.001). Their concentration increased
(Table 3) with higher values at high irradiances than those occu-
rring at low irradiances.

DISCUSSION

Growth rates of T pseudonana indicated that irradiances
did not have significant effects on growth during the first two
days of the culture experiment (Fig. 1, Table 1). An explanation is
that the irradiances in the cultures would have been attenuated
due to the fast growth and increased turbidity of the cultures
as cellular densities increase. Brown et al. (1996) showed that
irradiances were reduced by 20-25% at late-logarithmic phase
and by 30-40% at stationary phase during the experiment. On the
other hand, the highest growth rates of T. pseudonana grown
under 24:0 h L:D have been documented to range from 1.9 to 2.1
at 125 and 330 pmol photon m2 s and temperatures of 17.5-15°C
respectively (Thompson et al, 1990; Sakshaug et al,, 1987). In this
study the highest mean growth rates were recorded in the first
culture day and ranged from 1.4 to 1.6 among various irradiances
(Table 1). These results are consistent with the finding of Stramski
et al. (2002) who observed that growth rate of T. pseudonana at
low irradiance was reduced to 0.64 compared to second day at
high irradiance. In addition, the cultures of T pseudonana grown
at 300 pmol quanta m2 s had a faster growth rate than those cul-
tures grown at other irradiances, even though the difference in
the growth rate between low and high irradiances was relatively
small. This indicates that T. pseudonanais an excellent microalga
for the mass culture in aquaculture, because of their ability to
tolerate a wide range of growth irradiances and generate high
cellular density in a short period of time. In addition, in aquacul-
ture culture it is necessary to take into account that chlorophyll a
concentrations change with the irradiances and therefore modify
the phytoplankton biomass.

At the level of the individual pigments, chlorophyll a con-
centrations were higher at low irradiances than at high irradian-
ces (Table 2) due to the physiological response of T. pseudonana
to light limitation (Goericke & Montoya, 1998). Likewise the other
major pigment, fucoxanthin, also increased at low irradiancies
(Table 2), and the covariance of chlorophyll a and fucoxanthin
throughout the culture time may be related to their similar
physiological response to light conditions. Also, an increase in
fucoxanthin is indicative of light limitation due to self-shading
and modification of their pigment concentration. In addition, this
light-harvesting pigment collects light from the prevailing field at
specific wavelengths and transfers the absorbed energy to the
reaction center of chlorophyll a, which directly participates in
photosynthesis (Kirk, 1994).

Diadinoxanthin increased at the lowest irradiance, whereas
in other irradiances it decreased (Table 2). Diatoxanthin was hig-
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her than diadinoxanthin at high irradiances and increased conti-
nuously up to the third day of culturing. The differences between
diadinoxanthin and diatoxanthin content in T pseudonana are to
be attributed to the excessive light levels that could limit their
photosynthesis rate by inducing photoinhibition. Cartotenoids
participate in the photoadaptative response through diadino-
diatoxanthin xanthophyll cycle that is triggered by light causing
changes in pigment concentrations in response to the prolonged
light periods. This also have been observed by Rmiki et al. (1996)
who found that diatoxanthin content of phytoplankton algae
showed important variations along inshore-offshore transects
and their diatoxanthin to chlorophyll a ratios varied from 0.002 to

Table 3. Mean pigments ratios of Thalassiosira pseudonana under
different irradiances

Time
(days) |rragiance  Fuco:Chla  DD:Chla DIChla
50 029:002  0056+0003 00018+
150 031004  0087:001  0.0006
1 300 028+001 008420006 000400001
750 027:0004 004720009  00086:+0001
0.0553 + 0.004
50 026+001  0051+0003  0.0031+ 0001
2 150 026+0006  0.034+00003 002810005
300 025:0001 002800007 00765 0004
750 022:0004 00260001  0.1447 £ 0.004
50 024:0001  0.044£0003 000920003
3 150 025:0004  0.024£0005  0.0384 0002
300 024+0001 002900004  0.0810 £0.002
750 026+0002 00710001  0.1930 £0.002
50 023:0007  0036+0002 00265 +0.003
4 150 027£0006  0.027+0001  0.0617+
300 026:0006  0053:0002  0.0003
750 029:0003  0.104:0001  0.1072¢
0.0004
0.2423 + 0,004
50 055:000 0029+ 0.0350 +
5 150 0.29 + 0.01 0.00008 0.0004
300 0.31+002 0.029+ 0.001  0.0438 +0.008
750 0.31 + 0,005 0.074 £0.0006  0.1452  0.011
0123:007  0.2953£0.100

*(umol quanta m? s); Fuco:Chl a, fucoxanthin:chlorophyll a; DD:Chl a,
Diadinoxanthin:chlorophyll a; DT:Chl a, Diatoxanthin: Chlorophyll a ratios
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0.074 at irradiances of 300 and 550 yE m2 s in inshore and offs-
hore respectively. Another estimate of variations in the pigment
content of T. pseudonana is the fucoxanthin to chlorophyll a ratio
which showed a remarkable similarity among the different light
intensities. This may be due to the fact that photosynthetically
active pigments co-vary with chlorophyll a and possibly with
irradiance as described by Goericke and Montoya (1998) and
Schliiter et al. (2006). In addition, when cultures of T. pseudonana
were exposed to high irradiances the ratios of diadinoxanthin
to chlorophyll a showed a decrease in the second day at the
highest irradiance (Table 3), while diatoxanthin to chlorophyll a
ratio was almost three-fold higher at higher irradiance (Table 3).
These changes in pigments ratios are related to protecting the
cell against photo-oxidation in response to high levels of oxygen
which is an inhibitor of photosynthesis and can also cause pho-
torespiration modifying the biochemical composition. The results
presented here also have been observed by others (Schliiter et
al., 2000; Descy et al., 2000) and suggests that change in acce-
ssory pigments per cell is indicative of photoacclimatation pro-
cesses as a response to the light climate and interconversion of
pigment takes place depending on the culture irradiance level.

It is conclude that the concentration of individual pigments
showed statistically significant differences (p < 0.001) among the
different light levels and culturing times. Fucoxanthin to chloro-
phyll a ratios were not significantly affected by the irradiance
level, but these were significantly affected by the culture period.
Diatoxanthin to chlorophyll a ratio s increased among different
irradiances and with culture time, with higher values at high
irradiances, whereas, diadinoxanthin to chlorophyll a ratios only
increased at 750 pmol quanta m?2 s™'. Also, variations in light
intensity did not change the cellular densities of T pseudonana
but did have significant effects on accessory pigment to chloro-
phyll a ratios.
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