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Abstract: Haematoccocus pluvialis is a widely distributed unicellular green alga belonging to the order Volvocales and family
Haematococcaceae. Its natural habitats include small, often temporary, continental and coastal rock pools, water holes and
other small natural or artificial water habitats. It has been reported world-wide, but in Poland only a few cases of its occurrence
have been noted in southern Poland. However, H. pluvialis was identified in a small artificial pool at Adam Mickiewicz
University in Poznan during very hot and sunny days in July 2005. Because of these severe conditions only the resting hematocyst
stage of this species was initially observed. This stage contained the red carotenoid pigment astaxanthin. Using confocal
microscopy, large amounts of astaxanthin were observed in the central area of the resting cells. After transferring the hematocysts
to culture media the flagellate macrozooid and palmella stages developed. The presence of H. pluvialis in this pool in the north-
western part of Poland supports the capability of this species to expand its distribution range over long distances.
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1. Introduction

Many of the unicellular chlorophytes are known to
have a broad range of distribution. Their rapid reproduction
rates, small cell size, and capability of forming resting
stages when exposed to adverse conditions are factors
that have aided in expanding their spatial distribution.
However, many of these organisms are rarely noted,
resulting in incomplete records of their geographical
range. An example of this situation in Poland are records
of the chlorophyte Haematococcus pluvialis Flotow
emend. Wille. This alga which belongs to the order
Volvocales and family Haematococcaceae, was reported
in Poland in the late 19" century near Wadowice, Ma-
kowo (Gutwinski 1897), Krakéw, Czarna (Gutwinski
1884), Jelenia Goéra, Karkonosze regions (Cohn 1857,
1883), Tatra Mountains (Rostafinski 1881a, 1881b) and
from Grodkowo near the Opole (Schroeder 1925). The
absence of recent records of this taxa in phycological

lists from other limnological investigations in Poland
may be explained by the fact that when present it occurs
in generally very low concentrations, and due to its
multiple life stages is not easily identified.

The natural habitat for this species includes small
inland and coastal rock pools, water holes and other
small natural, or artificial water bodies world-wide (Kol
1925; Messikomer 1946; Skuja 1948, 1956; Pringsheim
1966; Kisselev 1969; Stein 1975; Wawrik 1980). These
habitats are characterized by their unstable, often temporary
conditions, that may include extreme differences in
temperature, light intensity, and UV illumination, which
are often accompanied by changes in water level.

2. Material and methods
Samples for phycological analysis were collected

in mid-July from an artificial pool on the university
campus. The pool is shallow (ca.1 m deep), with surface
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Fig. 1. Haematococcus pluvialis in a small artificial pool on the
university campus of the Collegium Biologicum in Poznan

dimensions of 4 x 5 metres. Surface layers of algae
attached to the walls of pool were removed and placed
in a glass container. Species identification was determined
using light microscopy (magnification 1000x) with
Nomarskii contrast, according to Rothmaler et al.
(1994). Photographs were taken and saved for
documentation using Zeiss software KS 300. Pigment
analysis and their distribution within the cells were
examined using a conphocal microscope. The surface
structure of the resting cell wall was determined using
a scanning electron microscope. The resting stages of
H. pluvialis were cultured using WC media and
incubated under a 12:12 light and dark regime at 23°C.

3. Results

The noticeable red coloration within the algal cells
that covered the walls of the pool indicated the
developmental stage of Haematoccocus pluvialis
(Fig. 1). Microscopic analysis showed that the resting
hematocyst stage of H. pluvialis was responsible for

Fig. 3. Flagellate macrozoid stage of Haematococcus pluvialis

Fig. 2. Resting hematocyst stage of Haematococcus pluvialis

the red coloration. These hematocysts had an oval shape,
a thickened cell wall and no flagella (Fig. 2). It is during
this stage that the cells hematocysts contain large
amounts of astaxanthin.

The resting cells (hematocysts) were transferred into
WC medium and incubated under stable light and
temperature conditions in the laboratory. After two days
flagellate forms (the macrozoids) were present in the
cultures. They were green, possessed two flagella and
were surrounded by a transparent gelatinous sheet
(Fig. 3). In addition, the cultures contained the palmella
stage of this taxon that consisted of green, spherical
cells without flagella. This stage can produce other
palmella cells or macrozooids, and under less stable
conditions can produce hematocysts. Two weeks after
this culture was established the hematocysts has developed
for the second time.

Examination of these hematocysts with scanning
electron microscope indicated their cell wall had
a smooth, fine surface structure (Fig. 4). There were no
ornamental or additional structures present.

Observations using the conphocal microscope
showed the distribution of pigments within the cells.
Chlorophyll a was localized near the cell wall and
astaxanthin concentrated in the central area of the cell
(Fig. 5). Movement of the macrozoids was recorded us-
ing the light microscope, with their swimming speed
determined as 200 m/h.

4. Discussion

The occurrence of Hematoccocus pluvialis in the
pool in Poznai was a noticeable phenomena due to the
alga’s red coloration. The color was the consequence
of high concentrations of the pigment astaxanthin in
the hematocyst stage of this alga. It is a carotenoid that
H. pluvialis is capable of concentrating in these resting
cells during periods of stress. Most crustaceans, including
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Fig. 4. Scanning electron microscopy photograph of hematocysts

shrimp, crawfish, crabs and lobster, are tinted red by as
result of accumulation of astaxanthin from their diet.
Astaxanthin is also responsible for the pink colour of
flesh of wild salmon. In commercial fish and crustacean
farms, astaxanthin is commonly added to their diet in
order to compensate for the lack of a natural food source
of the pigment (Torrissen et al. 1989). Commercial
production of astaxanthin is often derived from culturing
H. pluvialis for its subsequent use in the food industry
(McCoy 1999).

In nature, astaxanthin is produced principally by
a few species of bacteria, microalgae, fungi and lichens
(Johnson & Schroeder 1995; Armstrong 1997). Animals
cannot synthesize carotenoids de novo, thus ultimately
they must obtain these pigments from other sources in
their food chains (Britton et al. 1995).

This pigment not only contributes to the pigmentation
of certain terrestrial and aquatic organisms, but also
to other body functioning activities (Torrissen &
Christiansen 1995). Astaxanthin has been characterized
as a strong antioxidant, which can help protect the retina
from oxidative damage (Snodderly 1995). It has been
suggested that astaxanthin may also serve as a growth
enhancer and fertilization hormone for fish and crustaceans
(Sigurgisladottir et al. 1994), and also function as
a Vitamin A and B precursor in fish (Torrissen &
Christiansen 1995). Recently it has been shown that
astaxanthin may reduce cancer development in rats and
mice (Tanaka et al. 1995).

The astaxanthin production by H. pluvialis protects
these cells from ultraviolet exposure and oxidative
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Fig. 5. Distribution of astaxanthin within a cell of Hametaococcus
pluvialis

stress. According to Di Mascio et al. (1991) astaxanthin
was found to be twice as effective antioxidant as beta-
carotene and about 80 times more effective than vitamin
E. H. pluvialis is capable of accumulating the highest
proportion of astaxanthin in relation to its dry weight
compared to other microorganisms: 1.5 to 5.0%
(Johnson & Schroeder 1995; Krishna & Mohanty 1998).
The concentration of astaxanthin in the hematocysts of
H. pluvialis occurring during severe environmental
conditions, such as increased light intensity, supports
the role of this pigment in preventing cellular damage
from ultraviolet exposure. During less stressful conditions
the hematocysts are transformed to the motile macro-
zooids. They can loose flagella as soon as conditions
became more severe and transform into palmella cells.
This stage can return to macrozooids stage when
condition are improved or turn into hematocysts when
conditions became harsh, as during nutrient depletion
or high light intensity.

The site of occurrence of H. pluvialis in the small
pond in Morasko is very distant from its previously
reported locations in Poland, indicating the capability
and potential for this alga to expand its spatial
distribution. Further investigations throughout Poland
may indicate a much wider distribution of this species.

Acknowledgements. Authors wish to thank Dr. Harold G.
Marshall for providing important insights and comments on
the ideas presented in this paper and Prof. Dr. Konrad
Wotowski for his help in collecting literature records of H.
pluvialis in Poland.



166

Lubomira Burchardt et al.

Occurrence of Haematococcus pluvialis Flotow emend. Wille...

References

ARMSTRONG A. 1997. Genetics of eubacterial carotenoid
biosynthesis: a colorful tale. Ann. Rev. Microbiol. 51:
629-659.

BritToN G., LIAAEN-JENSEN S. & PFANDER H. 1995. Carotenoids
today and challenges for the future. In: G. BRrITTON, S.
LiaAEN-JENSEN & H. PFANDER (eds.). Carotenoids vol.
1A: 13-26. Isolation and Analysis. Basel Birkhduser.

Conn F. 1857. Uber mikroskopische Organismen in
Bergwerken. Jahresber. Schles. Ges. Vaterl. Kult. 35:
104-106.

Conn F. 1883. Algen und Pilze, welche blutinnliche rothe
Farbungen veranlassen. Bericht tiber die Tiatigkeit der
Section fiir 6ffentliche Gesundheitspflege im Jahre
1882. Jahrsber. Schles. Ges. Vatewrl. Cult. 60.

D1 Mascio P., MurpHY M. E. & Sies H. 1991. Antioxidant
defense systems: the role of carotenoids, tocopherols,
and thiols. Am. J. Clin. Nutr. 53: 194-200.

Gurwinski R. 1884. Materyjaty do flory wodorostéw Galicyi.
Spraw. Komis. Fizjogr. 18(2): 127-138.

GutwiNskl R. 1897. Wykaz glonéw zebranych w okolicy
Wadowic — Makowa. Spraw. Komis. Fizjogr. 32: 97-217.

JounsoN E. A. & ScHROEDER W. A. 1995. Microbial carotenoids.
In: X. FiecHTER (ed.). Advances in Biochemical
Engineering, pp. 119-178. Springer Berlin.

KisseLev 1. A. 1969. Plankton of the sea and continental
waters. 1. Introductory and general problems of the
planktology. Leningrad Nauka, 6, 656 pp.

KoL E. 1925. Vorarbeite zur Kenntnis der Algenflora des
Ungarischen nagay Alfold (Grosse Tiefebene). I.
Szeged und Unbeyuy. Folia Cryptogam. (1924), 1-2:
65-70.

Krisuna K. B. & MoHaNTY P. 1998. Secondary carotenoid
production in green algae. J. Sci. Industr. Res. 57: 51-63.

McCoy M. 1999. Astaxanthin market a hard one to crack.
Chem. & Eng. News 77: 15-17.

MEssIKOMER E. 1946. Beitrag zur Kenntnis der “Beuteseen”
in den Schweizer Alpen. Herrn Prof. Dr. Van Oge zur
Vollendung des 60. Lebensjahres Freundlichts
gewidmet. Bio. Jaarboek 30: 48-74.

PringsHEIM E. G. 1966. Nutritional requirements of Haemato-
coccus pluvialis and related species. J. Phycol. 2: 1-7.

Rostarskr J. 1881a. O czerwonym i z6ttym $niegu w Tat-
rach. Rozpr. spraw. Pos. Wydz. Mat. Przyr. Akad.
Umiej. 8: VIII-XIIL

RostarNskr J. 1881b. O nowo odkrytej grupie wodorostéw
brunatnych znalezionej w Tatrach. Rozpr. spraw. Pos.
Wydz. Mat. Przyr. Akad. Umie;j. 8: VIII-XIII.

RotuMALER W., ScHUBERT R., HANDKE H. H. & Pankow H.
1994. Exkursionflora von Deutschland. Band 1,
Niedere Pflanzen. 811 pp. Gustav Fischer Verlag Jena-
Stuttgart.

ScHROEDER B. 1925. Die Blutregenalge in Schlesien. Schles.
Zeitung. 241 A: 145.

Skusa H. 1948. Taxonomie des Phytoplanktons einiger
Seen in Uppland, Schweden. Symb. Bot. Ups. 9(3):
1-399.

Skusa H. 1956. Taxonomische und biologische Studien iiber
das Phytoplankton schwedischer Binnengewdisser.
Nova Acta Reg. Soc. Sci. Upsal. Ser. 4, 16(3): 404.

SnobpeRLY D. M. 1995. Evidence for protection against age-
related macular degeneration by carotenoids and an-
tioxidant vitamins. Am. J. Clin. Nutr. 62(Suppl.):
1448-1461.

SIGURGISLADOTTIR S., PARRISH C. C., LALL S. P. & AckmaN R.
G. 1994. Effects of feeding natural tocopherols and
astaxanthin on Atlantic salmon (Salmo salar) fillet
quality. Food Res. Internat. 27: 23-32.

SteEN J. R. 1975. Freshwater algae of British Columbia: the
lower Fraser valley. Syesisw. 8: 119-184.

Tanaka T., Maxita H., Ounisar M., Hipekr M., Sato K. &
Hara A. 1995. Chemoprevention of rat oral carcino-
genesis by naturally occurring xanthophylls, astaxanthin
and canthaxanthin. Cancer Res. 55: 4059-4064.

TorrissEN O. J. & CHRISTIANSEN R. 1995. Requirements for
carotenoids in fish diets. J. Appl. Ichthyol. 11:225-230.

TorrisseN O. J., HARDY R. W. & SHEARER K. D. 1989.
Pigmentation of salmonids-carotenoid deposition and
metabolism. CRC Crit. Rev. Aquat. Sci. 1: 209-225.

Wawrik F. 1980. Algologische Untersuchungen der
Eisschleuss und Eisbruchvegetationen in Teichen des
siidlichen Waldviertels (Niederosterreich: 1975).
Limnol. 12: 127-135.





