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Abstract: The response of Peridinium gatunense (formerly Peridinium cinctum fa. westii) to different
light regimes was investigated based on pigment profiles, which were revealed by HPLC analyses,
over the ranges of 16.6-250uE *» m ™+ $~'. Perdinin and diadinoxanthin are the two most important
carotenoids, shared about 90% of the total xanthophylls. Cellular chlorophyll a showed an evident
drop along the increased irradiance gradients. Evidence was presented to show the role of
diadinoxanthin and B-carotene as light protectants, including: 1) diadinoxanthin / chlorophyll a ratios
increased drastically when Peridinium was exposed to increased light gradients and P —carotene /
chlorophyll a ratios also showed an obv@ous increasing tendency; 2) p-carotene / chlorophyll a ratios
under light condition were higher than those under completely dark condition; and 3) diadinoxanthin /
chlorophyll a ratios exhibited inter—group differences among high irradiance, low irradiance, high to
low and low to high irradiance treatments. Hereby the possible implication for pigment metabolic

routes and their limnological behaviour was deduced.
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Lake Kinneret. (32° 42" to 32°55 N, 35°31" to 35°39" E), the only large
freshwater lake and the regulation reservoir in the National Water Carrier Project in
Israel, is limnologically characterized by annual occurrence of spring water—bloom of
the dinoflagellate Peridinium gatunense (formerly P. cinctum fa. westii), during which,
Peridinium biomass usually shared about 94%— 99% of the total phytoplankton

volume!"" & B/ 1)

with patches sometimes up to 4,000 cells * ml~ Field investigations
showed that one conspicuous feature of Peridinium cells was their motility,
particularly vertical migration tendency to the deep layer in the water column. This

active migration, combined with wind—driven water mass movement, allowed them to
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show a special vertical distribution pattern. Most investigators regarded it as an
induced reaction to strong irradiances in the water surface. We could assume that
Peridinium cells appeared to succeed in maintaining a huge population via this kind
of photoadaptation although nutrient availability is very critical in maintaining the size
of the population. Unfortunately, so far the existing data could not provide solid
evidences on the assumption, there still remained nuknown from physiological point of
view that to what extent the irradiances affect their limnological behavior and what
the feedback is, namely, how to show their coordination with the light gradients.

The general objective of the present study is to reveal the pigment composition
(or dynamics) during laboratory culture over a light range of 16.6—250pE*m ™2+ s’
and show the discrepancies between the light-adapted Peridinium cells and shade—
adapted ones. It is expected to explain the field pigmentation in the Lake Kinneret

and provide some implications on the metabolic mechanism among the pigment species.
1 Materials and Methods

1.1 Batch cultures of P.gatunense The cultures were established by incubating ca.
50mL of exponential growth phase culture into several Erlenmeyer flasks containing
1,500mL Lindstrom culture medium® in order to obtain a reasonable initial cell
numbers, and illuminated continuously with cool white fluorescent tubes (Osram
LA0OW/10S, Germany). To yield the different irradiances, we adjusted the distance
from light sources to cultures. The irradiances were examined by means of a
Biospherical light meter (QSL-100) equipped with a spherical silicone sensor. Each
treatment had three replicates. The cultures were adapted at 17C and not aerated, but
shaken gently once daily so as to prevent sedimentation and artificial breakage of the
cells.

Experiment 1 Considering the low initial cell density, the culture experimentation
lasted 34 days, during which several milliliters of culture were taken to check the
growth at regular intervals, depending on the cell numbers. The growth curves were
expressed simultaneously in terms of in vivo fluorescence values (arbitrary values at a
combination of 31.6 scale and X 1 sensitivity, Turner Designs Fluorometer) and cell
numbers. The cell number of each flask was counted using a Wild Heerbrugg
inverted microscope (Switzerland), at least three subsamples being used. Finally the
growth curves were monitored in terms of cell density and in vive fluorescence values.
The range of light gradient was 25—250pE+*m™*+s™",

Experiment 2 The cultures above were harvested at the 28th day to show the
differences between the light-adapted and shade—adapted Peridinium cells in light-
harvesting accessory and photosynthetic pigments. The light employed was over the
range of 16.5—250pE-m™" s,
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Experiment 3 To elucidate the role of diadinoxanthin, [ —carotene and
chlorophyll a in the light adaptation, we transferred the cultured Peridinium cells from
light to dark and vice versa with controls (exposure to light and dark environments
throughout the whole experimentation, respectively). Also, the dynamics of B-carotene
/ chlorophyll a ratios and diadinoxanthin / chlorophyll a ratios was observed during
Experiment 1, viz. in the range of 25—250 pE*m >+ s
1.2 HPLC analyses of pigment composition Cultures were sampled at 5— 10 day
interval for HPLC analysis of the chloropigments and some predominant carotenoids.
A 50— 100mL culture was filtered onto Whatman GF/ C glassfiber filters under
subdued light and low negative pressure. The filters were folded into two sectors and
kept in the freezer at —18C until all sampling finished. All filters were sonicated
using an electronic homogenizer equipped with a Teflon pestle in cold 5+ 5 mL 90%
acetone solution. Let the suspension stand in the dark room (4C) overnight. Prior to
HPLC operation, the extract solutions containing residues were centrifuged and passed
through GF/ F glassfiber filters installed in a syringe if necessary. To obtain better
resolution among the hydrophilic pigments, 0.3ml mol / L ammonium acetate (served
as the function of an ion—pairing reagent) was added to 1.0mL clear acetone extract™,
mixed well and let it equilibrate for at least 5 minutes before injection. The HPLC
method used was the modification from Literature™ . HPLC system used was the

modification similar to that of Yacobi et al.!®.

The detection was performed at
436nm in Milton Roy variable wavelength detector. The column we employed was

reverse— phased Phenomenex Spherisorb 5y, C 250mm length and 4.6mm inner

18>
1
s

diameter (U.S.A), and its initial working' conditions were flow rate at 1.5mL ¢ min~
pressure at ca. 1,500psi. Three solvents in the gradient elution were used: A) 30%
Imol / L ammonium acetate (Aldrich Chemical Company, U. S. A) in the water
purified with Barnstead ultrapure water system and 70% absolute methanol (HPLC
grade, Bio—Lab Ltd. Israel); B) 30% ethylacetate (HPLC grade, Bio—Lab Ltd, Israel)
and 70% methanol;and C) 100% methanol for washing the system after each working
day. A ternary procedure was designed. Each run took 20 minutes. Chromatographic
separations were obtained by the first linear gradient elution from 20% B solvent to
60% B solvent in 5 minutes, followed by an isocratic hold at the combination of
40% A and 60% B, and the second linear gradient elution from 60% B to 100% B,
followed by a single solvent B for 5.0 minutes. During the interval between runs, the
instrument and the elution solvent were initialized.
The eluted fractions were qualified and quantified according to the method of [7].

2 RESULTS

2.1 Growth curves Judging from the growth curves in terms of both in vivo
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fluorescence value and living cell numbers (cell density)(Figs. la and 1b), Peridinium
displayed several obvious phases in the cultures. About 20 days after the beginning of
cultivation, these cultures, with no exceptions, reached their peak biomass, although

the in vivo fluorescence values decreased thereafter sharply, which presumably was due
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Fig.1 P. gatunense growth curves over the range of 25, 86, 125, 250uE+m ™"« s "(BR N x - x ,
+ — 4+, —0-, -®) g in terms of in vivo fluorescence values (arbitrary); b: in terms of living cell

densities (cells / mL),

to the increase of senescent cells in the whole population. Thus we inferred that these
cultures should have been in their late—logarithmic phases in terms of cell density. It
was meaningful to note that at 25uE « m~® ¢ s™' (lowest irradiance) the peak
population was so low that it only accounted for one fourth of the peaks from other
three treatments although it was not obvious in in vivo fluorescence value. It seemed
that the intrinsic increasing capability of this population (cell number) was obviously
. restricted due to the very dim light.

22 Identified pigments A  typical
reverse—phase chromatogram is shown in
! Fig. 2, demonstrating the peaks of the
major pigments and relative retention time.

Our system recognmized all the pigments

3 6 typically  belonging to  Peridiniaceae,
L\M l, A Peridiniales®™ *. This  pigment suite
", consisted of chlorophyll a [(A ., (methanol)
433, 665nm], peridinin [(A __ (methanol)
= 475nm}, diadinoxanthin [(A _ (methanol)
200Imin ). Identified pigments 1: chlorophyll ¢ = 422, 447, 476nm], dinoxanthin [(A
[retention time () =6.16minJ;  2: pendinin  (methanol) = 418, 442, 470nm], chloro-
(=7.33min);  3: dinoxanthin(r=9.08min); 4  phyll ¢ [A __ (methanol) = 445, 632nm]

diadinoxanthin (rt=9.43min.); 5: chlorophyll a and ﬁ —carotene [)\. (methanol) = 451,
(rt=15.80min.); 6; P-carotene (rt = 19.06min.). e

Fg.2 A typical HPLC absorbance chromatogram

detected at a wavelength of 436nm (run time=

480nm] in the order of their polarity.
2.3 Cellular pigments and ratios of different pigment species to chlorophyll a
The data pertaining to cellular pigment composition were presented in Fig.3a and the
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pigment ratios to chlorophyll a in Fig. 3b. Chlorophyll a is the center for
photosynthetic reaction, and is certainly the major light-harvesting pigment. At

-2 -1

subdued light conditions (at 16.6, 35.2 in experiment 2 and at 25pE * m™" * s™  in

experiment 1), chlorophyll a was at its maximum. The same tendency, viz.
chlorophyll a decreased along the light gradient, occurred during the two
experimentations. It should be noted that cellular chlorophyll a was higher than 500pg

per living cell at 16.6250pE * m ™ « s~', which was about 4.2 times higher than that

2

at 250pE » m~* « s '(see Fig.3a); Peridinin and diadinoxanthin, undoubtedly the two
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Fig.3 Cellular concentrations of major photosynthetic pigments (a) and their relative proportions against

chlorophyll a (b).

Elchl.c Mperid R dinox L Blchl. ¢/a O peridichla  Ndinox/chl.a
Mdiadinox C chl.a EZZ B—carot Mdiadinox / chl.a Bp—arot / chl.a

most important carotenoids, shared about 90% in the total xanthophyll. Along with
the increasing irradiances, the cellular chlorophyll a showed an evident drop regularly.
Cellular peridinin also decreased with the increase of irradiance, which appeared to be
very much related to the metabolic equilibrium between dinoxanthin and peridinin. In
addition, the increase in cellular peridinin led to the stability of peridinin / chlorophyll
a ratios (Fig.3b). On the contrary, diadinoxanthin/ chlorophyll a ratios increased
sharply. The value at 250pE * m™” ¢ s™' was 1.4 times higher than that at 16.6uE *
mes™,

Further evidences on the role of diadinoxanthin and B—carotene as photoadaptation
pigments were shown in Figs. 4a, 4b and 4c. P-—carotene / chlorophyll a ratios in
light treatment was quite higher than that at dark condition, and there was significant
difference between them from statistic viewpoint (t—test, P < 0.01). Diadinoxanthin /
chlorophyll a ratios exhibited nearly the same tendency with a threefold increase under
the light condition. In the transition experiments, ratios of diadinoxanthin to
chlorophyll a at both high-to—low and low-to—high treatments were statistically higher
than those in their controls (under high light condition and low light condition
throughout the whole experimentation, respectively, see Fig.4c).

In the range of 25—250 pE * m~® + s ' (Experiment 3), Figs. 5a and 5b
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chlorophyll a during different experimentation. 4a:

B —carotene
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a ratios under dark and light conditions; 4c:
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experimentation.

demonstrated that both P —carotene / chloro-

phyll
ratios showed the similar tendency: values at

a and diadinoxanthin/ chlorophyll a

high irradiances were much greater than at

2 -1

low light treatment. But at 250pE * m™ "« s

and 1254E * m™* - s~' groups, the diadino-
xanthin /  chlorophyll a ratios leaped
irregularly.

3 DISCUSSION

The similarity in the growth curves
among different light

the present study suggested that all cultures

regimes displayed in
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Fig.5 p-carotene and diadinoxanthin ratios to chlorophyll a over the range of 25—250uE-m "5~ ' Sa:

(—carotene ratios to chlorophyll a; Sb: diadinoxanthin ratios to chlorophyll a.

-®250uE*m s

be at or near light saturation,

-0~ 125pE*m™ 2.5

— 4+ — 86uE*m ?es™' ~ x — 25yE+*m ‘-5

resulting from light adaptation (to be published

elsewhere). The decrease in in vivo fluorescence values at 250, 125 and 86pE * m™ 7+
s”' may be caused from cell aging and probably nutrient deficiency in the cultures.
Another reason for this, as Brown et al.!'” pointed out, might be that the cultures
were not aerated and availability of carbon dioxide was likely the limiting factor for

biomass.
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Bianchi and Findlay"! draw a conclusion from their pigment measurements in the
emergent and submerged macrophytes that emergent plant yielded a high concentration
of P-carotene, and this was the reason for the fact that they were exposed to the
direct sunlight, in which case it was necessary to preserve such a high concentration
of photoprotective pigment. Except excessive irradiance protection and UV and

121 B—carotene accumulation also prevented algal cells from

near—UV injury protection
the environmental stress conditions such as nutrient availability limitation (Ben—Amotz"”
and the references therein). Our results strongly supported this opinion. At relatively
high irradiances, as Fig.5a showed, the P-—carotene / chlorophyll a ratios exceeded the
values at 25uE*m~ 7+ s™' by 4—4.5 times, but the light-induced variations exhibited
in all four treatments were quite uniform, namely, from the beginning of inoculation
to harvesting, the ratios decreased sharply. We assume that there might be two
reasons with respect to this event: 1) owing to the exposure to the low light for a
long time, Peridinium cells showed the obvious physiological reaction (shade—
adaptation) by decreasing the ratios; 2) along with the division and breakdown of the
cells, the culture had increasing turbidities, which resulted in the attenuation of the
average light levels above the flasks and which, according to the data reported, can
rise up to 20%—30% of the initial light density.

As described above, the cellular chlorophyll a of Peridinium is surprisingly higher
than any results previously published"”. According to Pollingher and Serruya™,
Peridinium cells fall into four growth categories as a response to defined environments:
giant, larger, normal and small ones. At in situ investigation, the giant and larger
cells occurred at the onset of the Peridinium bloom, after that a lot of encysts were
formed and the normal and small cells dominated the Peridinium population. Because
of the similarity between the laboratory culture and field situation while a heavy
Peridinium bloom existed (the so—called uni—algal ecosystem), the results may be
applied to the culture to interpret the events of the chlorophyll a concentration per cell.
In the present study, the suppression from the relatively low irradiance, to whatever
extent, existed. It is plausible to state that before the senescent phase of the culture,
chlorophyll a kept increasing more or less. However, in the late—logarithmic or
senescent phase of culture, due to the likely nutrient limitation, not so healthful
physiological states and the accumulation of the excreted organic materials
(self-inhibition), the division rates substantially were reduced and the mortality and
breakdown process were very fast and largely intensified’”. Solid evidences already
existed to indicate that chlorophyll a remains intact in the culture without further
degradation to any other forms such as chlorophyllide and pheophytin since the
induced in vive chlorophyllase activity was very low during the cell breakage
(Unpublished research proposal in 1994). Consequently, the quotient of chlorophyll a
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content in the culture to the living cell numbers was of course dropped owing to the
fact that a lot of debris containing large portions of chlorophyll a contributed by
those giant and larger cells existed. The cellular chlorophyll a was unexceptionably
related to light levels. The following equation can express the relationship between the
two parameters in logarithmic phase: C = 1044.8-406.0 X log 1(r=0.96, p = 0.01),
where C and | were designated as cellular chlorophyil a content and irradiances,
respectively.

Continuous raise of peridinin was also found in the field observation until cell
aging and possible encystation towards the end of the bloom'*. This fact leads to the
assumption that there might be some biosynthetic pathways allowing other carotenoid(s)
convert into peridinin. From the present experiments, whether or not there are
derivatives in the route of peridinin biosynthesis from dinoxanthin (the precursor of
this signature pigment belonging to the dinofiagellates) due to the incorporation of
atmospheric oxygen remained unclear. Probably, Peridinium has two cycles among
xanthophylls, one is the widely existed epoxidase—deepoxidase reaction in the Division
Eukaryota. In this enzymatic reaction, one side of the equilibrium is diadinoxanthin
(exoxy form), the other might be other xanthophyll(s) below the detection limit,
which occurred only in margin quantity; the second appeared to be dinoxanthin <
. peridinin in stead of zeaxanthin <«

antheraxanthin < violaxanthin in the

§ 6 i case of Peridinium"”.  Fig. 6 shows
"f% peridinin / dinixanthin ratios along the
é‘l § irradiance gradient, from which 1t is
v , § suggested that the low light illumination
5 \§ could promote the biosynthesis  of

o 16. 6 .2 40 83 125 250 pendlnln
Photon flux densty/(uE + m™ +s™") From the results above, the low

Fig.6 Peridinin/dinoxanthin ratios over the range of  irradiances could promote the two
16.6—250pE* m ™"+ s”' in the logarithmic phase of  carotenoid cycles postulated above to

Peridinium cultures. diadinoxanthin and peridinin formation.
Previous investigations showed that peridinin and dinoxanthin, relative to P-carotene,
were casily degraded to their end products before they reached the water—sediment
interface! ™" 1t should be very interesting to assume that there is a junction between
the two metabolic pathways, in other word, one is the bypath affiliated with the other
(the dominant pathway). But further evidences are necessary to substantiate this
assumption, and a long quest deep into the oracle of carotenoid metabolism could be
desired.
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