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Introduction. Pollution of marine coastal areas lead to the relevance of environmental monitoring including
application of biotesting methods based on- the cultures of unicellular algae. Microalgae have different
species-specific resistance to pollutants that expands application of different species as bioindicators of marine
pollution.

The aim of the study was to determine the threshold concentration of copper ions (Cu?*) for the survival and
increase in the cells number of benthic diatom Actinocyclus subtilis (W.Gregory) Ralfs 1861 (Bacillariophyta)
under the wide range of toxicant concentrations during 10-day toxicological experiments.

Material and methods. The response of strain culture of the benthic diatom A. subtilis to various concentrations
of copper sulfate (ranged from 16 to 1024 ug/1 in terms of Cu?* ions) was studied. In accordance with the
previously developed protocol, the following indices were evaluated: alterations in the absolute number and
proportion (%) of alive cells in the test-culture, as well as the specific growth rate in the number of A. subtilis
cells at different concentrations of toxicant. Counting of alive and dead cells was carried out by micrographs
taken for 12—15 random viewing fields under Nikon Eclipse inverted light microscope.

Results. 1t was found that in the control and at concentration of copper ions 16 ug/l, the increase in the
absolute number of cells in culture is described by sigmoid response curve. At the control ehe exponential
growth phase occurs on days 5—7 and at concentration of 16 ug/1 on days 3—5 of the experiment. The threshold
concentration of copper ions (32 ug/l) which is critical for the survival of A. subtilis was determined, which is
3—7 times lower than threshold level for other benthic diatom species. At concentration of 32 ug/1, the phases
of acceleration and exponential growth on the abundance curve are absent. The proportion of living cells in
the culture decreases to 80% of the control level on day 3 and to 39% by day 10. At Cu?* concentrations of
64 ug/1 and above, sharp inhibition and death of culture is observed as early as 1—3 days. A positive specific
growth rate of A. subtilis culture was revealed in the period of 1—5 days at copper concentration of 16 and
32 ug/l, and at concentration of 64 ug/1 and higher the culture dies off. Negative values of the specific growth
rate for all concentrations of the toxicant within the period of 5—10 days were obtained.

Limitations. By the results of 10-day experiments the effect of 8§ concentrations of copper sulfate on the culture
of marine benthic diatom A. subtilis was studied. Three replicates in each concentration and exposure time were
measured (1350 measurements in total), which is sufficient sampling for statistically reliable determination of
the threshold values of copper ion toxicity for given test object.

Conclusion. Considering the results obtained, the benthic diatom A. subtilis is highly sensitive to copper ions
impact and can be recommended as new test-object for toxicology, as well as for application in monitoring of
marine water areas subject to technogenic pollution.
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Metpos A.H., HeBpoBa E.JI.

OueHKa TOKCYyecKoro Bo3encTasnsa MOHOB mean

Ha NoKa3saTenun CoOCTOAHNA 6eHTOCHON ANaTOMOBOI
Bopopocnu Actinocyclus subtilis (W.Gregory) Ralfs 1861
B dKCNEepNMeHTe

OrBYH «®epepanbHbIi cCnefaoBaTeNbCKUA LEeHTP "MIHCTUTYT 6ronornm 1okHbIx Mopeit umeHn A.O. Kosanesckoro PAH"», 299011,
CeacTononb, Poccuiickaa Oegepaymsa

Beedenue. 3arpsisHeHe MOPCKMX ITPUOPEKHBIX aKBAaTOPUIA 00YCIOBIMBAET aKTyaJIbHOCTh SKOMOHUTOPHH-
ra Ha OCHOBE OMOTEeCTUPOBAHUS C UCIIOJIb30BaHUEM MUKPOBOIOPOCIIEH C pa3IMYHON BUTOCTICIN(DUISCKOM
YCTOMYMBOCTBIO K IEHICTBHUIO IIOJUTIOTAHTOB, YTO PACIIMPSIET X IPUMEHEHNE B KaUeCTBE OMOMHINKATOPOB.
Lleav pabombr — onpeneieHre TOPOroBoit KOHIeHTpaunuu noHoB Meau (Cu?*) a1t BBLKUBAHMS U IIPUPOCTA
YUCJIEHHOCTH KJIETOK OEHTOCHOM AUATOMOBOI Bomopociu Actinocyclus subtilis Ralfs 1861 moa Bo3neiicTBuU-
€M IIMPOKOTo IMarna3oHa KOHIIEHTPalluM TOKCMKAHTa B Xo/ie 10-CyTOUHBIX SKCIIEPUMEHTOB.
Mamepuaa u memodot. 13yyeHa peakuusi KJIOHOBOU KyJAbTypbl A. subtilis Ha BO3AeiiCTBUE BO3paCTAIOLLINX
KOHIIeHTpaluii cyiabdara meau (ot 16 mo 1024 Mxr/n B iepecuéte Ha noHbl Cu?"). B cooTBeTCTBMM C pa3pa-
OOTaHHBIM ITPOTOKOJIOM, OLIECHEHBI CICAYIOIIME ITOKa3aTe1: aOCOII0THASI YUCAEHHOCTb U 10181 (%) KUBBIX
KJIETOK B TECT-KYJbTYpe, a TakKKe YAeJbHbIN MPUPOCT YMCICHHOCTU KJIETOK MPU Pa3HbIX KOHIIEHTPALIMSIX
TokcukaHTa. [ToacueT XKUBBIX U MEPTBBIX KJIETOK IMPOBeAeH 1Mo MUuKpodororpadusam mist 12—15 ciydaifHbIX
oJieil 3peHus o cBeToBbIM MUKpockornoMm Nikon Eclipse.
Pe3yabmamoi. B XoHTpOJIe M IIPU KOHLIEHTPAMX MOHOB MeaM 16 MKT/J MPUPOCT YMCIACHHOCTU KJIETOK
B KYJIBTYPE OIMCHIBACTCSI CUTMOMIHOM KPMBOM OTKJIMKAa. B KOHTpose (ha3a 3KCIIOHEHIIMAIbHOIO pOCTa
MPUXOIUTCS HA 5—7-¢ CYTKU, a IIpU KOHLIeHTpaluu 16 MKr/n — Ha 3—5-¢ cyTtku. OmpezaelieHa TOporosast
KOHIIEHTpalus HOHOB Menu (32 MKT/) st BbKUBaHUS A. subtilis, uto B 3—7 pa3 HIKe, 4eM IS Apy-
TMX BUOOB OCHTOCHBIX TMAaTOMOBBIX. [1py KoHIIeHTpaum 32 MKT/JT Ha KpUBOM YUCIEHHOCTU OTCYTCTBYIOT
(a3l yCKOpEeHUST ¥ SKCTIOHEHIIMATLHOTO POCTa, a TOJISI XKUBBIX KJIETOK CHIKaeTcst 10 80% OT KOHTPOJIS yKe
Ha 3-u cyTku 1 10 39% — x 10-M cytkaM. [1pu KoHneHTpanmsax Cu?* 64 MKT/J1 1 BbIllIe HaOJtogaeTCs yrHE-
TeHWEe U TUOesb KyJIbTyphl yke B 1—3-1 cyTku. B meproa 1—5-X cyTOK OTMeUeH MOJIOKUTETbHBIN YAeIbHbIN
MPUPOCT KYJIBTYPHI A. subtilis ipy KoHLleHTpauu 16 u 32 MKT/J, IpU KOHLEHTpaluyu 64 MKT/I 1 BbIIIIE
HabomaeTcs oTMUpaHue KyabTypbl. s nmepruoga 5—10-X cyToK moaydeHbl OoTpuLaTelbHbIE 3HAYEHUS
yIEIbHOTO MPUPOCTa KYJIbTYPHI IIPU BCEX KOHIIEHTPAILIMSIX TOKCMKaHTa.
Oepanuvenus uccaedosanus. I1o pesynbratam 10-CyTOUHBIX 3KCIIEPUMEHTOB C KYJIBTYPOI MOPCKOM OEHTOC-
HOW TMaTOMOBOM A. subtilis n3ydyeHo BIMsSTHUE 8§ KOHIIEHTpaLnii cybdaTta Menu. g Kaxnoi KOHIIEHTpa-
LIMH YIUTHIBAJIOCH 10 3 TOBTOPHOCTH, BCETO BBIMOIHEHO OoJiee 1350 u3MepeHuii, 9To mpeacTaBisaeT J0CTa-
TOYHYIO BEIOOPKY IUISI CTAaTUCTUYECKI HAIEKHOTO OIPeAeICHIS BUIOCTICHIN(PUUHBIX IOPOTOBBIX 3HAUCHUI
TOKCUYIHOCTA MOHOB ME/IH.
3akarouenue. T1onyueHHbIE PE3ybTaThl MO3BOJISIIOT PEKOMEHI0BATh A. subtilis B KaueCcTBE HOBOTO BBICOKO-
YYBCTBUTEJILHOTO O0BEKTA /111 TOKCUKOJIOTMYECKMX 9KCTIEPUMEHTOB, a TaKXe MPU 9KOJOTUYECKOM MOHU-
TOPUHIE aKBaTOPUIiA, MOABEPKEHHBIX TEXHOTEHHOMY 3arpsI3HEHUIO.

Karouesote caosa: duomecmuposanue; Mukpogooopocau; KAOHO8AS KYyAbmypa, cyibham medu; nopo2osas
KOHUEeHMpAauus,; YucAeHHOCMb Kaemok,; 4éproe mope
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Cobarodenue s3muueckux cmanoapmos. ViccaenoBanue He TpeOyeT MPeICTaBICHUS 3aKII0UCHIS KOMUTETA
110 OMOMEIVIIMHCKOM 3TUKE WJIM MHBIX TOKYMEHTOB, TaK KaK BCe AKCIIEPUMEHTHI IIPOBOIMIMCH Ha MacCo-
BBIX OTHOKJIETOUHBIX HETOKCUYHBIX BOIOPOCISIX, UTO HE HApyIIaeT 3allpeThl, CBSI3aHHBIE C yIIepOOM IS
SKOJIOTMYECKOI Cpelbl, JKN3HEHHOTO IIPOCTPAHCTBA OMOJIOTMYECKIX COODIIECTB, a TAKKe He TIPUBOAUT K
HEOOpaTUMBIM U3MEHEHUSIM B OMOJIOTMYECKO# (TeHETUUYECKOM) IPUPOJIE U 3I0POBhE YEIOBEKA.

Ana untupoBaHus: Metpos A.H., HeBpoBsa E.JI. OueHka ToOKCMYeCKoro Bo3aencTBmA NOHOB Mefy Ha NokasaTtesnn COCTOAHNA
6eHTOCHOI guaTomoBoli Bogopocnu Actinocyclus subtilis (W.Gregory) Ralfs 1861) B akcnepumeHTe. Tokcukonoeu4deckul eecm-
Huk. 2023; 31(5): 313-328. https://doi.org/10.47470/0869-7922-2023-31-5-313-328
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Yuactue aBTOpOB. BCe coaBTOpbI NOATBEPKAAIOT COOTBETCTBME CBOErO aBTOPCTBa MexayHapoaHbiM Kputepuam ICMIE (sce
aBTOPbI BHEC/IM CYLLeCTBEHHDbIN BKNag B pa3paboTKy KOoHLenumn, npoBefeHre NCCnefloBaHNA U MOLTOTOBKY CTaTby, MPOUM
1 ofobpunn GrHaNbHYO Bepcuto neped nybnukaumen).

BnarogapHocTb. ABTOPbI BbipaxatoT 6narogapHoctb C.A. Tpodumosy 1 t0.A. JIUTBUHY 3@ NOMOLLb NPU COLEPKAHNN KITOHOBbIX

KynbTyp U NPOBEAEHNE SKCNePUMEHTOB, a Takxe B.H. Jlnwaesy 3a mukpodoTtorpaduposaHue Ha CIM Hitachi SU3500.
KoHnuKT nHTepecoB. ABTOPbI 3asiBNIAIOT 06 OTCYTCTBMN KOHONIMKTa MHTEPECOB.

QOuHaHcmpoBaHue. Pabota nposepeHa B otgene 3konorum 6eHtoca OIBYH «OULL "MHCTUTYT Grionorum 1oKHbIX Mopen
nm. A.O. Kosanesckoro PAH"» B pamkax locygapctBeHHoro 3agaHua no teme N2 121030100028-02.

Moctynuna B pepakuuto: 09 niora 2023 / MpuHaATa Kk neyatn: 19 oktabpa 2023 / OnybnnkosaHa: 30 okTA6pa 2023

Introduction

The relevance of monitoring of the marine
environment, including the use of biotesting methods
based on cultures of unicellular algae is increased due to
enhancement the anthropogenic impact on the coastal
zones of the sea. Microalgae are characterized by different
species-specific resistance to many pollutants and can
be applied as bioindicators of the marine environment
pollution (water mass and bottom sediments) [1, 2].

One of the groups of the most dangerous
pollutants are heavy metals and, in particular, copper
compounds, which accumulate in bottom sediments,
especially in technogenically polluted water areas
[3—=7]. The content of copper ions in marine
waters nearby ports and industrial zones can reach
50—100 ug/l, mainly due to input with sewage and
emission from biocidal paints covering hydrotechnical
constructions and ship hulls [9, 10]. In silty-sandy
sediments of the Crimean Black Sea coasts, the
copper content can be 8—11 ug/g [11], and in closed
and semi-closed technogenically polluted bays may
reach up to 22—37 ug/g [12, 13]. Such high levels of
copper ions accumulation pose potential threats to
hydrobionts involved in the trophic chains of the
coastal marine ecosystem, in which benthic diatoms
are a key primary level.

Microamounts of copper may incorporate into the
active centers of many enzymes and play an important
role in the microalgae cells physiology [6, 14—19],
however at higher concentrations copper ions are
acutely toxic for most organisms [14, 16, 20, 21]. The
relevance of copper compounds in the metabolism of
hydrobionts and in biogeochemical cycles in the marine

environment determined the choice of copper sulfate
as a tested model toxicant. Planktonic microalgae
most often are used in the toxicological experiments
assessing the impact of copper compounds [2, 9, 17,
22, 23], while benthic microalgae are more objectively
capable of responding to environmental pollution
due to their low mobility and closed association with
the substrate. The level of copper content in bottom
sediments determines the spatial distribution of
benthic diatom, their taxocene structure, and the cell
health and development [10, 12]. These peculiarities
stipulate the relevance of expanding toxicological
research on benthic Bacillariophyta to search for
suitable species for use as bioindicators in assessing
the copper impact of marine environment taking into
account the species-specific thresholds resistance to
the Cu** ions [2, 8, 16, 23—26].

The tested microalgae species should be eurybiont,
widely represented in the coastal biotopes, easily
cultivated on standard medium, ensuring a high rate
of vegetative reproduction in culture. The choice of
Actinocyclus subtilis (W.Gregory) Ralfs 1861 as a test
object was made taking into account the above criteria.
Besides, this species is large-celled, which makes it
easier counting the cell number and recognition the
vital condition and morphological features of diatom
cells during photoregistering.

Aim of the study — to evaluate the growth dynamics
of benthic diatom A. subtilis clonal strain under the
influence of a wide range of toxicant concentrations
(Cu?"), to determine the threshold concentration of
copper ions for cell survival, to assess the suitability of
this species as a promising test object for the tasks of
marine ecotoxicology.
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Fig. 1. A. subtilis, used in experiment: a - alive cells (LM x100); b - dead cells (LMx100); ¢ - alive cell with chloroplasts (LM x630);
d - valve external view (SEM x1300); e - valve inside (SEM x1300); f - areolae, external view (CSMx10000); g - labiate process and
pseudonodulus, internal view (COMx7000). Scale bar: a-0 — 20 um; e, X - 5 um.

Puc. 1. A. subtilis, ncnonb3oBaHHbIN B SKCMEPUMEHTE: d — KyNbTypa XuMBbIX KneTok (CMx100); b — norubwme knetku (CMx100);
C - XuBas KneTka ¢ xnoponnactamu (CM x630); d - cTBopKa, B cHapyxu (COMx1300); e — cTBOpKa, BrA n3HyTpu (COIMx1300);
f — noKynsapHble apeosnbl LeHTPa, CTBOPKa cHapyxu (C3Mx10000); g — nabraTtHble BbIPOCTbI U NCEBAOHOAYMIOC, CTBOPKA U3HYTPK

(C3Mx7000). PazmepHas wkana: a-0 — 20 Um; e, X — 5 M.

Material and methods

The clonal strain of benthic diatom Actinocyclus
subtilis (W. Gregory) Ralfs 1861 was used for the
experiments. The species was sampled from the
phytoperiphyton of rocky substrate at a depth of 0.5 m
in Sevastopol Bay (N 44°28'25", E 33°37'58"”, Crimea,
the Black Sea). The clone was obtained by isolating
single cell under a binocular lens (magnification x40)
and growing at a temperature of 1512 °C and natural
light on Goldberg medium optimized for marine
benthic diatoms [27, 28]. During cultivation, the
clonal batch culture was being reseeded every 3 weeks.

Cells of this species are solitary, round, plastids
numerous, discoid, and evenly fills the entire volume
of the cell (Fig. 1: 1-3). Speciesis free-living, and often
abundant in the marine benthos and phytoplankton.
The cell diameter is 60—70 um, the areolae are 18—20
in 10 um, one operculate pseudonodulus at the valve
edge is present (Fig. 1).

In accordance with the protocol [29], a certain
amount of medium, a stock solution of the toxicant
CuSO,5H,0 and 1 ml of clonal culture inoculum
containing an average of 6840%350 cells of A. subtilis
was added to each Petri dish, bringing the total
volume of liquid to 30 ml . The duration of each
experiment was 10 days. To prevent evaporation of the
solution during exposure, the Petri dishes were sealed
with Parafilm®. The resistance of A. subtilis to the
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following concentrations of Cu?" ions was assessed:
16, 32, 64, 128, 256, 320, 512 and 1024 ug/l. Each
toxicant concentration was tested in three replicates.
Quantitative assessment of the cell culture condition
was performed after 1, 3, 5, 7 and 10 days.
Photofication of alive and dead cells during
the experiment was carried out with a Carl Zeiss
Axiostar Plus (Germany) light microscope (LM)
equipped with an Achroplan %10 objective and Canon
PowerShot A640 camera. Taxonomical identification
was performed under LM Carl Zeiss PrimoStar Plus
(Germany) with a Plan-Achroplan X100 objective
lens and integrated camera as well as using a scanning
electron microscope (SEM) Hitachi SU3500 (Japan).
The percentage (%) of alive and dead cells in each stage
of experiment was determined by using an averaged
data obtained from photographs of 12—15 random
viewing fields. The intravital condition of cells was
assessed according to the integrity of the frustules, the
invariability of the cell structure, homogeneity, color
and location of chloroplasts in the cell volume, and
the completeness of cell divergence after vegetative
division. Diatom cells with drastic darkening of their
plastids, opened valves, and/or lysis of cell contents
were considered to be dead (Fig. 1, 2). Previously [28],
the cell distribution homogeneity along the bottom
of experimental vessels was statistically confirmed
(p<0.05) for several benthic diatom species and based
on the analysis of a limited number (64—72) of viewing
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Fig. 2. Change in the total number (mean value * SE) of alive
cells of A. subtilis in 10 random viewing fields at different
concentrations of toxicant.

Puc. 2. MI3meHeHre B xofe dKCMeprMeHTa CYMMapHOW unc-
NEeHHOCTU (CpeaHee 3HaueHne + SE) XnBbix KneTok A. subtilis B
10 cnyyvaiiHbIX NOAAX MPOCMOTPA NPY Pa3HbIX KOHLEHTPaLMAX
TOKCUKaHTa.

fields. These results make it possible to consider all
replicates (random cell samples) as a single set, which
is important for statistically corrected comparison of
cell numbers at different toxicant concentrations.

Comparative assessment of the diatom culture state
at various concentrations of copper ions was carried
out based on change in the absolute number of alive
cells at different stages of the experiment [8, 24]. Cell
number growth rate (v, cells/day) was calculated by
the formula:

InN, In N,

(t+A1) — t
=

Ateln?2

where N, is the average number of cells in the culture
at time ¢ (the first day of the experiment); Ny.4) —
average number of cells in culture at time 7447 (3, 5, 7
and 10 days); 47 — exposure period (days).

Statistical processing of the experimental results
was carried out based on standard algorithms for
parametric and rank analyzes included in the MS
Excel package. The reliability of differences in the
condition indices of diatom strain at various copper
concentrations and exposure periods, was evaluated
for the significance level p = 0.05. The quantitative
indices of the culture development are presented as an
average values with a standard error of the mean (SE).

Results

According to the results of calculation in the
absolute number of A. subtilis alive cells, it was
found that both in the control and at minimum
concentrations of Cu?* ions (16 ug/l), the model of
cell culture growth corresponds to the dose-response

CEHTABPb — OKTABPb

Change in the share of alive cells (mean * SE, %) in
strain A. subtilis at different concentrations of toxicant

N3meHeHne gonm XKuBbix KNeTok (cpegHee * SE, %)
B KynbType A. subtilis npn pasHbiX KOHLEHTpaLunAxX

TOKCUKaHTa
Concentration Exposure periods, day
of the toxicant

Cu*, meg/I 1 3 5 7 10
Control 95+2|95+1|93+1|95+2[94+1
16 93+£1| 91£3 [91+£2|93+£1|83%2
32 90+1|80+2|77+4|53+£8(39+3
64 81+2|13+2| 841 0 0
128 79+2 0 0 0 0
256 71+12| 0 0 0 0
320 8+1 0 0 0 0
512 0 0 0 0 0

sigmoidal curve (Fig. 2). In the period of 1—-7 days,
the absolute number of cells increases 2—2.5 times
from the initial values and reached a maximum. In
the subsequent period (7—10 days), the cell number
decreases from the maximum by 12—20% due to
negative impact of the toxicant, accumulation of
metabolites and aging of the culture. On the 7"
day of experiment, the average cell number at a
concentration of 16 ug/l was significantly lower
compared to the control due to less intensive growth
during the exponential phase.

At copper ions concentration of 32 ug/l, no
increase in the number of A. subtilis strain was
recorded in the period from the Ist to the 5" day. In
the subsequent days of experiment the number of alive
cells decreases and is no more than 20% of the control
level on the 10" day. At concentrations of 64 ug/l and
higher, the number of alive cells go down to almost
zero on the 3™ day (see Fig. 2). These results evidence
that copper ion concentrations within the range of
32—64 ug/l can be considered as critical for the
survival of the tested diatom.

Results of calculation the share (%) of alive cells
A. subtilis in culture at different stages of the experiment
have shown that in the control and at minimum
concentrations of copper ions (16 ug/1), the proportion
of alive cells almost does not change within 1% to
7t day, remaining at the level of 93—95%, and gradually
decreases to 83% only by the 10" day (Table).

At copper ions concentration of 32 ug/l and higher,
the differences between control and test dishes in the
average share (%) of alive cells become statistically highly
significant (p<0.01—0.001) after 3 days of exposure.
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Fig. 3. Change of the specific growth rate in the number of
A. subtilis. cells (v, cells/day) at various concentrations of copper
jons in different stages of the experiment.

Puc. 3. /I3meHeHWe yaenbHOro NprpocTa YNCIEHHOCTY KNeTOK
A. subtilis (v, knlcyT) Nnpu pasnnYHbIX KOHLEHTPaLmAX UOHOB
Me[V B pasHble Nepuofbl SKCNEePUMEHTa.

At a concentration of 64 ug/1, the cell mortality in
the culture is increased, and by days 7—10 the share
of alive cells diminished to zero (see table). These
results also confirm that toxicant concentration of
64 ug/1 can be considered as threshold for survival and
development of this diatom species.

The diurnal changes in the number of cell divisions
was studied as another response of A. subtilis test
culture to the copper ions impact (Fig. 3).

Within the period of 1st to 3™ day, in control
and at concentrations of 16—32 ug/l, the culture
characterized by a slight increasing in the cell
number, which may correspond to the lag phase
and the growth acceleration phase. At a threshold
concentration of 64 ug/l, the test culture intensively
dying off since the first day, and the growth rate
became negative. At the 3 to 7" days of exposure,
an intensive specific growth, corresponding to the
exponential phase of culture development, was
observed only for the control (0.30—0.33 divisions/
day) and for copper concentration of 16 ug/l
(0.11— 0.39 divisions/day). At the concentration
32 ug/l, the growth rate decreased to 0.04 divisions/
day on the 5th day. In the period from 5th to
7t day the specific growth rate became negative
(the culture is dying out) (see Fig. 3). Within the
period 7" — 10" day, the negative values of growth
rate in the number of A. subtilis cells registered for
all tested concentrations of toxicant, including the
control. It could be caused not only due to the direct
influence of the toxicant, but also by depletion of
nutrients in experimental vessels and accumulation
of metabolites that inhibit culture growth.
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Discussion

Based on the experimental results, it was revealed
that the culture of A. subtilis is characterized by lower
resistance to the copper ions impact in comparison
with other species of benthic diatoms (Bacillariophyta).
So, in the culture Pleurosigma aestuarii W. Smith 1853,
the proportion of alive cells did not change within
copper ion concentrations range from 16 to 256 ug/1
during the 10 days of experiment, but at 320 ug/1 the
share of alive cells sharply decreased from the initial
level to 23—10% by 3™ and 5th days. It defines this
concentration as the threshold for the survival of this
species [26]. For Thalassiosira excentrica Cleve 1903,
a Cu?" ion concentration of 128 ug/l is critical for
the survival and reproduction of the strain [30]. For
microalgae species from another taxonomical groups,
in particular for Porphyridium purpureum (Bory)
K.M. Drew et R. Ross 1965, a pronounced inhibition
of cell growth and decrease in the content of
photosynthetic pigments compared to the control was
observed at copper ion concentrations of 100 ug/1 [8].
Decrease in the total number and proportion of alive
cells in test culture of Scenedesmus quadricaudata
(Turpin) Brebisson 1835 was registered at copper
concentration of 10—100 ug/l, while the share of
actively reproducing cells did not exceed 10%, and the
rest of the culture remained in an inactive stage [24 ].

The suppression of cell population growth and
physiological condition of diatom A. subtilis at
relatively low concentrations of copper ions may
also be associated with the so-called “paradoxical
effect” [18], when microalgae cells may accumulate
more considerable amounts of the toxicant at low
concentrations in the environment than at high
concentrations. Inhibition the processes of cell
division at low concentrations of toxicant can serve
as mechanism to maintain the population integrity
and its ability to survive for a long time under the
impact pollution. This effect apparently exhibits
species-specific features due to the metabolic activity
and effectiveness of the protective mechanisms of
microalgae cells under the influence of copper on
the photosynthetic apparatus and synthesis of amino
acids that determine population growth [2, 17, 19, 24].

Conclusion

The results of 10-day toxicological experiments
with the clonal culture of benthic diatom A. subtilis
under the wide concentration range of copper ions
(16 to 1024 ug/l) showed that at concentration
of 16 ug/l the share of alive cells significantly
decreased on the 10th day of exposure, and at
32 ug/l — on the 3rd day compared to the control.
The abundance of cells in the culture reaches a
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maximum level on the 7th day and diminishes in the
subsequent period due to influence both the toxicant
and accumulation of metabolites in the cultural
medium. At toxicant concentrations of 64 ug/l and
higher, the number of alive cells in the strain descend
to zero already on the 3™ day of the experiment, along
with a sharp decreasing in the specific growth rate.

For the first time, the threshold concentration of
copper ions (32 ug/1), critical for survival and growth
of A. subtilis cells, was determined, which is 3—7 times
lower than the known Cu?* threshold values for other
species of microalgae.

Extending of experiments to determine threshold
concentrations of copper and other heavy metals
ensures the selection of diatom species with different

CEHTABPb — OKTABPb

sensitivity to toxicants for the purpose of their
further use as new test objects for toxicological
studies. The obtained results allowed to recommend
Actinocyclus subtilis as suitable indicator for assessing
the technogenic pollution impact on the state of
microphytobenthos assemblages during ecological
monitoring of coastal marine areas.

The work was carried out in the Benthos Ecology
Department of the A.O. Kovalevsky Institute of
Biology of the Southern Seas of RAS on the State
Assignment No. 121030100028-02. The authors
express their gratitude to Trofimov S.A. and Litvin
Yu.I. for assistance in maintaining clonal cultures and
conducting experiments, as well as Lishaev V.N. — for
SEM microphotographing.
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