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Introduction

In recent years more and more investigations in the field of biochemistry,
microbiology and medicine have pointed to an exceptionally important role of trace
elements in the functioning of living systems. An excess or deficiency of one or another
vitally important element (such as Se, Zn, I, Cr, Cu, etc.) may often result in severe
disturbance of natural processes in human or any other living organisms, including
microrganisms [1,2].

It is of importance therefore to study the peculiarities of the interaction of trace
elements with living systems and their endogenic inclusion into biocomplexes. For this
purpose, the blue-green alga Spirulina platensis (Sp. pl) is chosen as a model and its
interaction with such vitally important elements as selenium and chromium is studied.

Being rich in content and properties Sp. pl. is widely used in food as a
biologically active supplement (BAS) that normalizes natural processes and protective
functions of the organism [3,4]. Sp. pl. is able to include biogenically the necessary
elements as it grows in a nutrient medium and plays a role of a certain biological filter
that accumulates elements in a nontoxic form in a given amount in the course of its
biomass natural growth.

The peculiarities of the interaction of Sp. pl. with selenium and the possibility
of purposeful endogenic inclusion of selenium into the biomass of Sp. pl. were earlier
studied by the authors by neutron activation analysis (NAA) [5,6]. The NAA method
was also applied to study the interaction of chromium with the Sp. pl. biomass. The
choice of these elements is dictated by their important role in some functions of human
organisms as well as by some aspects of the use of the Sp. pl.biomass enriched with Se
or Cr for practical purposes.

This work discusses the investigation of the interaction of Sp. pl. with selenium
and chromium together in the course of cells cultivation in a nutritient medium
containing proper compounds of these elements.

It is known that in the process of interaction of living systems with several
trace elements at a time there may arise the effects of synergism in one case and of
antagonism in another. From this viewpoint the study of the behavior of Se and Cr in
the condition of their simultaneous accumulation in the cells of Sp. pl. is of particular
interest.

It should be taken into account that the accumulation of metals in the cells of
microorganisms goes at different rates. The binding time of a metal depends on the
accumulation mechanism. If a metal is bound to the cell’s surface by adsorption, which
does not depend on temperature and does not take energy, the process goes fast and
takes from several seconds to an hour. The process of active transport of metals into the
interior of the cell requires energy and depends on temperature. As a result, it goes
slower and takes a period of several days or more [7].

This determines the choice of experimental conditions in which the kinetics of
the accumulation of Se and Cr in the cells of Sp. pl. is studied.



Experiment
Cultivation of cells and preparation of samples

In the experiments the strain IPPAS B-256 of the blue-green microalgae
Spirulina platensis from the algeological collection of the Timiriazev Institute of Plant
Physiology, RAS was used.

The cultivation of Sp. pl.cells was carried out in the accumulation regime in
Zaroukh’s standard water-salt nutrient medium at a temperature of +34°C, constant light
of 3000 luxe from fluorescent lamps and continuous mixing executed by the instrument
YBTM-12-250. The compounds Se(IV) and Cr(IIl) were introduced into the nutrient
medium as sodium selenite (Na,SeQ3) and chromium acetate (Cr(CH3COOH)3).

Since the preservation of the "natural” properties of the Sp. pl. biomass
characteristic of pure Zarukkh’s nutrient medium in the course of the experiment of the
accumulation of Se(IV) and Cr(III) is one of the most important conditions, continuous
control of the cells’ state in the Sp. pl. trichoma is performed and its protein content is
controlled using gel-electrophoresis in a polyacrylamide gel.

For the same reason it is necessary to determine preliminarily the
concentrations of Se(IV) and Cr(Ill) in the nutrient medium that will enable their
accumulation without destroying the natural growth and quality of the biomass. To do
this, the growth dynamics of Sp. pl. cells in a nutrient medium that contains the
compounds Se(IV) and Cr(IIl) in equal concentrations within the interval 1-100 mg/l
was investigated individually for each compound. The investigations show that the Sp.
pl. biomass increases linearly in both cases and an increase in the loading concentration
to 10 mg/l does not virtually affect the growth and quality of Sp. pl. trichoma. Essential
changes in the growth of the biomass are observed at concentrations of 50-100 mg/l.
They include the appearance of chlorotic cells and an increase in the number of short
trichomas. The chlorophyll content decreases by 10-20% in comparison with reference
samples. As a result, there was chosen a concentration of 5 mg/l for selenium and of
3 mg/1 for chromium.

In the first experiment Sp. pl. was cultivated in a nutrient medium introducing
sodium selenate with a Se(IV) concentration of 5 mg/l.

In the second experiment to cultivate Sp. pl the nutrient medium was loaded
with chromium acetate with a Cr(II) concentration of 3 mg/l.

In the third experiment the cultivation was carried out in the simultaneous
presence of similar compounds of chromium and selenium with analogous
concentrations. In all of the three experiments the primary concentration of the Sp. pl.
inoculate was 0.4 g/l. The time of cultivation was 4 days. In all of the three experiments
samples for analysis were taken at the end of the first, second, third and the forth day.

The biomass was harvested by centrifugation at 3000 g for 20 min at 4 °C. It
was then rinsed in bidistilled water and subjected to a second centrifugation at 15000 g
for 20 min.



The obtained samples were lyophilically dried in a special lyophilizer earlier
designed by the authors [8]. The element content of the samples was determined by the
neutron activation analysis method.

In the course of all of the three experiments microscopic control of the Sp. pl.
state was performed.

A quantitative determination of the chlorophyll concentration in the biomass
was carried out in a 85% acetone extract following the Rebbellen procedure and the
protein content of the biomass was investigated by gel-electrophoresis in a
polyacrylamide gel by the Leammli method [9].

Analysis

The concentration of selenium and chromium in the obtained samples was
measured by epithermal neutron activation analysis (ENAA) at the fast pulsed reactor
IBR-2 in FLNP JINR (Dubna) with a neutron flux of 102n/(cm*s).

The characteristics of the irradiation channels and the pneumatic system at
IBR-2 are described in [10]. The ENAA method in application to Sp. pl. samples is
detailed in [5,6].

Quality control of analytical measurements is ensured by the use of certified
reference materials for biological sample analysis, including lichen (Lichen-336,
IAEA), bottom sediments (IAEA SDM-2T) and Nordic Moss (DK-1).

The ENAA data were processed and chromium/selenium concentrations were
determined by the methods and computer programs used in FLNP JINR [11].

Results and discussion

The results of the ENAA of samples in the three described experiments are
illustrated in Figs. 1, 2, 3. Figure 1 shows the dynamics of the increase of Se
concentration in the Sp. pl. biomass cultivated in a nutrient medium for a sodium
selenate loading with a Se concentration of Se 5 mg/l.
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Fig. 1. The dynamics of Se(IV) accumulation in Spirulina platensis cells

Figure 2 shows an analogous curve for chromium in the form of chromium
acetate with a Cr(III) concentration of 3 mg/l.
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Fig. 2. The dynamics of Cr(III) accumulation in Spirulina platensis cells



Figure 3 presents the results obtained in the condition of simultaneous loading
of the nutrient medium with Se(IV) and Cr(III) in analogous concentrations.
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Fig. 3. The dynamics of the accumulation of Se(IV) and Cr(IIl) in the cells of
Spirulina platensis

As it is seen from the obtained data the accumulation rate of Cr(III) is higher
than the accumulation rate of Se(IV) if they are loaded separately (Figs. 1, 2). In the
case of their combined loading, the accumulation of Cr(III) in the Sp. pl. biomass goes
for the same period of time as of Se(IV). However, Sp. pl. accumulates Cr(III) faster
and more effectively in both cases. This is possibly due to the fact that in the nutrient
medium chromium exists as an organic compound (Cr(CH;COOH);), which facilitates
chromium penetration into cells, while selenium is present in the form of an inorganic
compound (Na;SeO3).

The general behavior of the accumulation curves of Se(IV) and Cr(IIl) at their
combined action on the Sp. pl. cells retains but there is observed a clear-cut pattern of
antagonism exhibiting itself as an essential decrease in the accumulation of Se(IV) in
the presence of Cr(IIl). Since Se(IV) in the form of SeOs” enters Sp. pl. cell via anion
transport channels and Cr(III) in the form of Cr*" via cation transport channels, they do
not compete in the process of membrane transport to cells. Therefore, the observed
antagonism between chromium and selenium is most probably due to processes of intra-
cellular metabolism.



259
A control
ASe
ﬂ» 249 ©Cr
2 @ Se(1V)+Cr(Ill)
8 1.5
g
L
a
0.5 T T T T T 1
-1 0 1 2 3 4 5

Fig. 4. The growth dynamics of the Spirulina platensis biomass in a nutrient medium
loaded with Se(IV) and Cr(III)

The study of the Sp. pl. growth dynamics illustrated in Fig. 4 shows that no
essential difference in the increase of the biomass is observed in the three discussed
experiments. In each of then the biomass grows up to the forth day of cultivation. It
should be noted that at the accumulation of heavy metals in living systems only 30-50%
of cells in the population participate in the process [7].

The behavior of the accumulation curves (Figs. 1-3) obtained taking into
account the growth dynamics of the biomass (Fig. 4) prompts a conclusion that intense
growth of the biomass accompanied with introducing of the investigated elements into
the Sp. pl. cells results in a decrease of their concentration in the nutrient medium and in
the total biomass.

One may assume that at repeated additional introduction of Se(IV) and Cr(III)
compounds into a nutrient medium the behavior of the accumulation curves will be
similar to that of the biomass growth curves.

The microscopic control of Sp. pl. suspension samples taken daily in all the
discussed experiments showed that Sp. pl cells did not differ cytologically from
reference cells in all the cases.

The chlorophyll and protein contents in the Sp. pl. biomass were also not
different from reference samples.



Conclusions

The dynamics of the accumulation of Se(IV) and Cr(Ill) in Spirulina platensis
cells in the condition of their separate or combined action in a nutrient medium
during cultivation was investigated.

The conditions of combined introduction of selenium and chromium into the
Spirulina platensis biomass in the course of cultivation ensuring the preservation
of the natural quality and properties of Spirulina platensis were determined.

The fact of mutual antagonism between Se(IV) and Cr(III) during the cultivation
of Spirulina platensis in a nutrient medium in the condition of its combined
loading with these elements leading to suppression of Se(IV) accumulation was
established.
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BenokoGeuibckuii A. U. u 1p. J[18-2002-130
AKKyMyJIsUHd CeJieHa M XpoMa KieTkamu Spirulina platensis
B IMHaMHKE pOCTa

OnucaHbl pe3ynbTaThl HCCIENOBaHWH IMHAMMKH IIPOLIECCOB aKKyMyNALMH
Se(IV) u Cr(Ill) KeTKaMH CHHe-3e/IeHOH MHKPOBOIOPOCIH € MOMOIIBIO SIHTEIUIO-
BOTO HEHTPOHHOTO aKTHBALIHOHHOTO aHanH3a. M3yueHo BIMAHHE CeNeHa H Xpoma
Ha HEKOTOpEIe GHOXMMHUYECKHe CBOicTBa Guomacchl Spirulina platensis. Berasnen
aHTarOHHCTHYECKHii XapakTep B3aumopneiicTeus Se(IV) u Cr(IIl) npu ux KOMOGHHHM-
POBaHHOM MCIIOIb30BAaHHU BO BpeMs KyJIbTHUBAaLWMH Spirulina platensis. Dtor aHTaro-
HM3M COIMpPOBOXIAETCA IOJABIEHHEM Ipolecca akkyMymsauuu Se(IV).

Pa6ora BrinonHeHa B Jlabopatopuu HeiitponHoi ¢usuku uM. H. M. ®panka
OHUAU u B UHcTUTyTe Dusnku um. D. JI. Annponukawswid AH I'pysun.

Ipenpunt O6beAMHEHHONO HHCTHTYTA SAEPHBIX HccenoBaHui. IyGHa, 2002

Belokobylsky A. 1. et al. D18-2002-130
Accumulation of Selenium and Chromium in Spirulina platensis
Cells in the Dynamics of Growth

The findings of the epithermal neutron activation analysis investigation
of the dynamics of Se(IV) and Cr(III) accumulation in Spirulina platensis cells are
discussed. The effects of selenium and chromium on some biochemical properties
of the Spirulina platensis biomass are studied. An antagonistic behavior of the in-
teraction between Se(IV) and Cr(IIl) accompanied with suppression of Se(IV) ac-
cumulation during the cultivation of Spirulina platensis in the condition
of Se(IV)- and Cr(III) combined loading is established.

The investigation has been performed at the Frank Laboratory of Neutron

Physics, JINR and at the E. L. Andronikashvili Institute of Physics of the Geor-
gian Academy of Sciences.

Preprint of the Joint Institute for Nuclear Research. Dubna, 2002




Maker T. E. IJonexo

JIP Ne 020579 ot 23.06.97.
Hoanucaxo B mevaty 18.07.2002.
®opmMar 60 X 90/16. Bymara odcernas. Ilevars odcerHas.
VYen. mew. 1. 0,68. Vu.-u3a. 1. 0,73. Typax 160 k3. 3aka3 Ne 53428.

Hanarenscxuit otaen O6beIHHEHHOTO HHCTHTYTA SAEPHBIX HCCIEOBaHHH
141980, r. ly6na, MockoBckas of1., yi. XKomo-Kiopw, 6.



