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ABSTRACT. Effects of plastic nanoparticles on the Baikal siliceous sponge Lubomirskia baicalensis
(Pallas, 1773), including the whole organism and primmorphs, were studied. A vital fluorescence dye
was applied to visualize the spicules formed during the experiment. Polystyrene, polyvinyl chloride,
and poly(methyl methacrylate) nanoparticles were found to be able to penetrate into the sponge body
and cause toxic effects (decreased spicule production) starting from concentrations of 0.005-0.01 mg/L.
This is a relatively high concentration, unthinkable in normal water bodies. On the other hand, the
duration of the experiment (three months) is negligible compared to the life span of the sponge. Further
experiments should aim to elucidate the fate of nanoplastics within sponges, the balance between plastic
consumption, excretion and degradation, possibly involving sponge symbionts.
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1. Introduction

Plastic pollution is considered a formidable
threat to humanity in this century. Nanoplastic is
the least studied substance due to the great difficulty
in its determination in the environment and living
organisms. These small particles (less than 500 nm)
are not visible under optical microscopy and can be
tightly mixed with a variety of organic and inorganic
compounds. Nanoplastics, especially particles smaller
than 200 nm, are considered very dangerous due to their
potential ability to penetrate living cells by endocytosis
(Manzanares and Cefia, 2020). We recently estimated
how much nanoplastic can be formed when commercial
plastics such as polystyrene (PS), polyvinyl chloride
(PVC), and poly(methyl methacrylate) (PMMA) are
mechanically broken down (Annenkov et al., 2021).
Nanoparticles were a minor fraction in this process
compared to microplastics. Certainly, microplastics
in water bodies can break down into smaller particles
by photo- and chemodestruction, but the same factors
should break down nanoparticles to a greater extent,
since smaller particles are more active in any reactions.
Thus, we estimated the actual amount of nanoplastics
in water bodies to be many times lower than 0.01 mg/1L.

Since it is difficult to study nanoplastics in the
field, there are many works focusing on laboratory
experiments with commercial or specially synthesized
nanoparticles. In a study of the heterotrophic
dinoflagellate Gymnodinium corollarium Sundstrom,
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Kremp et Daugbjerg (Annenkov et al., 2023), we
found that 0.01 mg/L of nanoplastic was a nontoxic
concentration; moreover, these organisms can
assimilate and degrade nanoparticles of plastic. On the
other hand, the filtrating organisms, such as sponges,
can accumulate significant amounts of nanoplastic
even at low concentrations in the environment.

There are few works on the effect of nanoplastics
on sponges. Recently, it was found that microplastics of
2-10 um in size are expelled from the sponge body in
1-2 hours (Funch et al., 2023). Microplastic particles of
1 um size at a concentration of 1 mg/1L. were non-toxic
to temperate zone sponge species (Tethya bergquistae
and Crella incrustans) (Baird, 2016). Nanoparticles of
100-500 nm can penetrate the sponge (Willenz and Van
de Vyver, 1982; Turon et al., 1997; Leys and Eerkes-
Medrano, 2006), but these were short-term experiments
(no more than 4 h), and no information about the state
of the sponge under the action of plastic was possible
to obtain.

We have developed several vital fluorescent
dyes that stain growing siliceous spicules (Annenkov
et al.,, 2017; Annenkov et al., 2019; Danilovtseva et
al., 2019). These dyes allow the growth of spicules
in sponges and sponge primmorphs (3D cell culture)
to be monitored and thus provide information on the
sponge health. In this work, we evaluated the effects of
plastic nanoparticles on the Baikal sponge Lubomirskia
baicalensis (Pallas, 1773), including the whole organism
and primmorphs.
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2. Materials and methods
2.1. Sponge samples and cultivation of
primmorphs

Experiments with sponge samples were carried
out according to (Annenkov et al., 2014). Samples of
L. baicalensis were collected near the settlement of
Bolshiye Koty, in the southwestern part of Lake Baikal,
at a depth of 10 meters. Sponge specimens (4-5 cm
in length) were grown in 3 L aquariums at 3*+1°C
under air barbotage with daily 2/3 water changes.
Luminescent lamps (color temperature 6500 K) were
used for illumination of the aquariums in 12h/12h
light/dark cycle.

Primmorphs were obtained similar to (Custodio
et al., 1998). Briefly, sponge samples were cut under
Baikal water (3 °C) into =1-2 mm particles. The
particles and water were transferred into 50 mL conical
plastic tubes (sponge to water ratio = 1: 20) and gently
shaken for 15 min on a rotary shaker. The suspension
was then filtered through 100 pm nylon mesh, and the
resulting cells were harvested by sedimentation (1 h,
3 °C) and washed again with Baikalian water. The cell
suspension was placed in 400 ml plastic containers with
200 ml of Baikal water containing 0.002 % ampicillin.
The containers were kept under the same conditions
as the sponge samples when cultured. Every day for
two weeks, 75% of the water was replaced with fresh
water containing the antibiotic. After two weeks, the
obtained primmorphs (1 mm or more in diameter)
were transferred to new containers with water and
antibiotic, and a 75% water change was performed
weekly throughout the experiment.

Additives (plastic nanoparticles, dye) were added
at each water change.

2.2. Chemical reagents

Bottled Baikalian water was used for sponge
cultivation. The chemical composition of this water
is described in (Suturin et al., 2002). NBD-N2 dye
was obtained according to (Annenkov et al., 2010).
Fluorescent nanoparticles were synthesized according
our previous articles (Annenkov et al., 2021; Annenkov
et al.,, 2023). Other chemicals were purchased from
Sigma-Aldrich, Fisher or Acros Chemicals and used
without further treatment.
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Fig.1. The sponge L. baicalensis in an aquarium and fluorescence images of sponge slices after 8 days of culturing in the

2.3. Study of the primmorphs and sponge
tissues

Primmorphs were placed on a coverslip, cut into
2-4 pieces (depending on the size of the primmorph),
each piece was transferred to a separate coverslip,
flattened with a glass slide, and examined using
epifluorescence microscopy. When the experiment was
designed to count the number of spicules per dry weight
of the primmorph, two pre-weighed coverslips were
used. After counting the spicules by epifluorescence
microscopy, the sample was dried over anhydrous
CaCl2 for two weeks and in vacuo to constant weight.
Counting experiments were performed in at least
four repetitions. Sponge samples for microscopy were
prepared by cutting = 1 mm slices from the sponge
apex or middle of the sponge body.

Light and fluorescent microscopy was performed
with MOTIC AE-31T inverted microscope with a
HBO 103 W/2 OSRAM mercury lamp. Excitation was
performed at 470 nm for green and yellow emission
and 365 nm for blue emission.

3. Results and discussion

Two series of sponge experiments were carried
out. The first short-term experiment consisted of an
8-day cultivation at extremely high concentrations
of nanoplastic (0.1 and 1 mg/L, Fig. 1). PS and PVC
nanoparticles entered the sponge body at a concentration
of 1 mg/L, with a tendency to concentrate into 10-20
um clusters similar to sponge cell size (Fig 1A). In the
case of 0.1 mg/L, only single clusters of plastic were
detected (Fig. 1C). In the second experiment, 0.01 and
0.1 mg/L PS and PVC nanoparticles were added to the
culture medium for two months. The sponges with 0.01
mg/L nanoparticles looked healthy after two months,
while the sponges with 0.1 mg/L plastic turned partially
white after one month of experiment and completely
collapsed after two months.

It should be mentioned that L. baicalensis is a very
difficult organism for laboratory experiments. Long-
term experiments are unlikely, as the sponge may die
after 1-2 months of cultivation without exposure to any
harmful factors. In addition, the moment of death of a
sponge is difficult to record. Primmorphs, a 3D culture
of self-organizing sponge cells, are a good model for
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presence of nanoplastics. Red fluorescence — chloroplasts, green — plastic nanoparticles. A - PS 200 nm, B and C -PVC 85 nm
particles. Particles were stained with dibenzylfluorescein. Plastic concentration was 1 (A and B) and 0.1 (C) mg/L. Scale bars

represent 25 (A), 50(B) and 75 (C) um.
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long-term experiments. L. baicalensis primmorphs can
live as spherical structures of 1-8 mm in size for up
to nine months. Spicules are formed in primmorphs,
and the death of a primmorph is easily detected by its
destruction.

We performed two series of experiments with
primmorphs of L. baicalensis. First (Fig. 2), PVC and PS
nanoparticles were added at a concentration of 0.01-10
mg/L. The fluorescent dye NBD-N2 was added to detect
the spicules formed during the experiment. After one
month, we found a more than threefold reduction in the
number of new spicules in the presence of plastic at any
concentration tested. The following experiment (Fig.
3) shows no effect of nanoplastics at a concentration
of 0.001 mg/L for three months. Sub-micrometer PS
particles of 600 nm reduced spicule formation at a
concentration of 0.001 mg/L. All three plastics were
toxic at a concentration of 0.005 mg/L.

4. Conclusions

Our experiments showed that polystyrene,
polyvinyl chloride, and poly(methyl methacrylate)
nanoparticles can penetrate into the sponge body and
cause toxic effects (decreased spicule production)
starting from concentrations of 0.005-0.01 mg/L.
This is a relatively high concentration, unthinkable
in normal water bodies. On the other hand, three
months of experiment is negligible compared to the life
span of a sponge. Further experiments should aim to
elucidate the fate of nanoplastics within sponges, the
balance between plastic consumption, excretion and
degradation, possibly involving sponge symbionts.
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Fig.2. Dependence of the number of spicules per dry
weight of primmorph (mg) on nanoplastic concentration.
NBD-N2 dye (0.5 uM) was added to the culture medium as a

vital dye for new spicules. PVC particle size was 65 nm and
PS - 200 nm. The cultivation time was one month.
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Fig.3. Dependence of the number of spicules per dry
weight of primmorph (mg) on nanoplastic concentration.
NBD-N2 dye (0.5 uM) was added to the culture medium as
a vital dye for new spicules. The cultivation time was three
months.
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AHHOTALIUA. M3yueHO BO3helCTBHE HAHOYACTHI] IIJIACTHMKA Ha 0alKaJIbCKyl0 KPEMHUCTYIO T'yOKy
Lubomirskia baicalensis (Pallas, 1773), BKJIoYasi BeCb OpraHu3M U IpuUMMOpP®HI. (1A BU3yaIM3anuu
CIUKYJI, 00pa30BaBUIMXCA B XOJle SKCIepUMeHTa, MPUMEHAJICA BUTAJIbHBIN (PJIyOpeclieHTHBIN Kpacu-
TeJsib. BBIJIO yCTaHOBJIEHO, YTO HAHOYACTHIHl NOJIXUCTHPOJIA, NOJUBUHUIXJIOPUAA U NOJUMETUIIMETa-
KpuJlaTa ClIOCOOHBI IPOHUKATH B TeJI0 I'yOKHU U BBI3BIBATh TOKCHYecKHe 3G (eKTH (CHIXeHNe IPOYKIIUI
CruKyJ1), HauynHadg ¢ KoHneHrtparuii 0,005-0,01 mMr/j. OTO OTHOCHUTEJIbHO BBICOKAsA KOHIIEHTPAIVA,
HeMBICJIUMas B OOBIYHBEIX BogoeMax. C Ipyroli CTOpPOHEI, NPOAOJDKUTENIBHOCTh 3KCIepuMeHTa (Tpu
MecsAlja) HUYTOXHO Majia [0 CpaBHEHUIO C MPOAOJIKUTEBHOCTHIO XKU3HU I'yOku. JlajbpHeline sKciie-
PUMEHTHI JOJDKHBI OBITh HallpaBJIeHBl Ha BBIACHEHNE CyaAbObl HAHOILJIACTHKA B T'yOKax, 6ajaHca MexIy
noTpebJieHreM, BEIBeJIeHUEM U Aerpajaruell IIacTuKa, BO3MOXHO, C y9acTieM CUMONOHTOB.

Kmioueawie citosa: KpEeMHUCTasA ry61<a, l'IpI/IMMOP(I)bI, HaHOIUIaCTUKH, IIOJINCTUPOJI, IIOJTUBUHUJIXJIOPUL,

INOJIMMETUIJIMETAKpUJIaT

1. BBeapenue

3arps3HeHUe MJIACTUKOM cuUmuTaeTrcsa OOJIBIION
yIpO30H [J14 4YejioBevuecTBa B 3TOM Beke. HaHomIacTUK
- HauMeHee W3yYeHHBII KOMIIOHEHT m3-3a OO0JIBIION
CJIOKHOCTHU €ro olpefesieHus B OKpyXalolllell cpefie 1
KUBBIX OpraHu3Max. JTU MeJikue dacTuilsl (MeHee 500
HM) He BUJHBI IPYU ONTHUYECKON MUKPOCKOITMU 1 MOTYT
OBITh IIJIOTHO CMeMIaHbl C pa3/IMYHBIMKM OpraHuye-
CKMMU 1 HeOpraHh4ecKuMH coequHeHUsAMHU. HaHoria-
CTUKH, 0COOEHHO 4acTulpl pasMepoMm MeHee 200 HM,
CUUTAIOTCS OYE€Hb OMACHBIMM 13-3a UX MOTEeHIMAJIbHOMU
CIIOCOOHOCTHU TNPOHUKATh B XHBBIE KJIETKU NyTeM
suponuro3a (Manzanares and Cefia, 2020). HemaBHo
MBI OI[€HWUJIM, CKOJIBKO HaHOIIaCTHKa MOXeT obpaso-
BaThCA IMPU MeXaHUYECKOM pa3pyIleHud KoMMepue-
CKHX IIJTACTMACC, TAKUX KaK moJyiucTupoJ (I1C), momBu-
Huixaopusa (IIBX) u momumermiMerakpusat (ITIMMA)
(Annenkov et al.,, 2021). HaHo4acTUI[bI COCTaBJIAIOT
He3HAUYUTeJIbHYIO JOJII0 B 3TOM Ipoliecce 0 CpaBHEHUIO
¢ MUKpoIUTacTukoM. KoHeYHO, MUKPOILJIaCTUK B BOJIO-
eMax MOXeT pachafaTbCa Ha 6ojiee MeJIKHe YaCTHUIIBI
nyteM ¢$OTO- U XeMOJAECTPYKIUH, HO Te Xe (PaKTOPHI
JOJIXXHBI B 00JIbIIIEeH CTeleH pa3pymaTh HAaHOUYACTUIIHL,
MOCKOJIBKY MeJIKMe YacTUIlbl 00Jiee aKTHUBHBI B JIHOOBIX
peakiuax. Takum o6pa3oM, [0 HaIIUM OLleHKaM,
peajbHOe KOJIMUEeCTBO HAHOIJIaCTHKa B BoJOeMax BO
MHOro pa3 MeHblue, yem 0,01 mr/J.

[TockoIbKy M3ydYaTh HAHOILUIACTUKU B IIOJIEBBIX
VCJIOBUAX CJIOXKHO, CYIIeCTByeT MHOXeCTBO paboT,

*ABTOp IJI IIEPENUCKU.

MOCBAIIEHHBIX  JIA0OpPaTOPHBIM  3KCIEpUMEHTaM ¢
KOMMepUeCKUMU WJIU clieliajibHO CUHTe3UPOBaHHEIMU
HaHoYacTUIlaMU. B mucciegoBaHuM reTepoTpOdHBIX
nuHoduaresiar Gymnodinium corollarium Sundstrom,
Kremp et Daugbjerg, (Annenkov et al., 2023) mb
obHapyxwiay, yro 0,01 Mr/i HaHOIIACTUKA ABJIAETCA
HETOKCHMYHON KOHIleHTpanueil. bojee Toro, aTu opra-
HM3MBI MOTYT aCCUMUJIMPOBAaTh U pasjaraTh HaHO4Ya-
ctullbl mwiactuka. C APyrod CTOPOHBI, PUIbTPYIOLIUE
OpraHu3Mbl, Takue Kak IyOKH, MOTyT HaKallJIuBaTh
3HauyuTeJIbHbIE KOJIMYecTBa HaHOIUIACTUKA Jaxe Ipu
HM3KUX KOHIIEHTpalUAX B OKpYyXaloliell cpefe.
PaboTH 10 M3y4YeHUI0 BJIMAHUA HAHOILIACTHUKOB
Ha ryOKM HeMHOrouncjaeHHb. HeqaBHO OBLJIO yCTaHOB-
JIEHO, 4TO MHKPOIUIaCTUK pasMepoM 2-10 pm BBIBO-
IUTCA U3 Tejia Tyoku 3a 1-2 vaca (Funch et al., 2023).
YacTunbl MUKpPOIJIACTUKA pa3MepoM 1 UM B KOHIIeH-
Tpanuu 1 Mr/j okasajnuch HeTOKCUYHBIMU [Jis I'yOOK
ymepenHoi 30HHI (Tethya bergquistae u Crella incrustans)
(Baird, 2016). Hanouactuiisl pasamepoM 100-500 HM
MOryT npoHuKath B ryoky (Willenz and Van de Vyver,
1982; Turon et al.,, 1997; Leys and Eerkes-Medrano,
2006), HO 3TO OBUIM KPaTKOCPOYHBIE 3KCIEPHUMEHTHI
(1e 6osee 4 4), U O COCTOSTHUM TYOKH TIO[ AEWCTBHUEM
IlacTuka OBUIO HEBO3MOXHO IOJIYYWUTb HUKAKOH

nHadopmanun.
Ms1 paspaboTaniyn HeCKOJIbKO BUTAIBHBIX (QJIyo-
peclleHTHBIX KpacuTesieli, KOTOpble OKpallNBaiT

pacTtyume KpeMHHUCTHe crnukyssl (Annenkov et al.,
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2017; Annenkov et al.,, 2019; Danilovtseva et al.,
2019). 3Ty KpacuTesu MO3BOJIAIOT OTCJIEXUBATH POCT
CIUKYJI B r'y0kax u npuMmopdax rybok (3D-kyspTypax
KJIETOK) ¥l TEM CaMBIM IOJTy4aTh MHGOPMAILIUIO O COCTO-
SHUM 3[0pOBbsA I'yOKU. B qaHHOI paboTe MBI OLIeHWJIN
BJIUsAHME HAHOYACTHUI] IUJIacTUKa Ha OalikaJIbCKYI0
ryoky Lubomirskia baicalensis (Pallas, 1773), Bkrovas
BeCch OpraHU3M U IPUMMOP(DHL.

2. MaTtepuanbl 1 METOADI
2.1. O6pa3ubl ry6bok 1 BoipawBaHue
npummopdos

JKCIIepUMeHTHl ¢ oOpasnaMu ryboK NpOBOJM-
JIUCh B COOTBETCTBUU C MeToaukoil (Annenkov et al.,
2014). O6pa3sl L. baicalensis 65111 cOGpaHBI B palioHe
nocesika Bospimvie KoThl, B 10ro-3amagHoi yacTu o3epa
Batikasn, Ha riyoune 10 m. O6pasmsl Ty00K (IJIMHON
4-5 cM) BBIpalMBajIi B akBapuyMax 00beMoM 3 JI Ipu
TemnepaType 3+1°C B ycjoBuAx BozaymHoro 6ap6o-
Taxa ¢ exeqHEBHOI cMeHOMH 2/3 Boabl. J[/11 ocBelleHUA
aKBapuyMOB  HCIOJIb30BAJIMCh  JIIOMHHECI[eHTHBIE
namnel (mBetoBas Temneparypa 6500 K) c¢ nuksiom
cBeT/TeMHOTa 12 4/12 4.

[MpuMmmMopdsl mosyyanu a”asjgoruvHo (Custodio
et al., 1998). BkpaTile, o6pasibl T'yOKM KM3MeIbuaan
B Oatikajbckoil Bojie (3 °C) Ha yacTHIBI pa3mMepoM
~1-2 MM. YacTulbl 1 BOAY NIePeHOCHJIN B KOHHYecKue
IJIACTUKOBble TpoOupku obbeMoM 50 M1 (COOTHO-
meHre TyOKu U Bogbl =~ 1: 20) U OCTOPOXHO BCTPS-
XMBaIU B TeueHUe 15 MUH Ha pOTallIOHHOM IIelikepe.
3aTeM cycneH3uio GUIBTPOBAIM 4Yepe3 HENJIOHOBYIO
cetky 100 MkM, MOJIydeHHBIe KJI€TKA coOupanu
MerozioM ceaumenTanuu (1 4, 3 °C) u cCHOBa MPOMBI-
Basm OalikajbCckoi BoAoi. CycneH3Uui0 KJIETOK IoMe-
Iaau B IJIACTUKOBBIE KOHTeHHepsl oO0beMoM 400 M1
¢ 200 M1 GaiikaabCKOM BOABI, codepxaiieii 0,002 %
ammumuinHa. KoHTeliHephl coAepXasiich B TeX Xe
YCJIOBUAX, YTO M 00pasubl I'yOKU IpU KyJIbTHUBUPO-
BaHUU. ExxeJHeBHO B TeueHUe ABYX HeJeJib 75 % BOJbL
3aMeHsAJId CBeXel BOAOH, cofepxalleil aHTUOHUOTUK.
UYepe3 aBe Hejenu IOJIydyeHHble IpUMMOpdH! (Ouame-
TpoM 1 MM u 60Jiee) IepeHOCUIIU B HOBble KOHTEIHHeph
C BOJAOU U aHTUONOTHUKOM, a CMeHy 75 % BOJbI IIPOBO-
WU exeHeJleJIbHO B TeUeHNe BCcero 3KCIepruMeHTa.

Job6aBku (HaHOYACTUI[BI ILJIACTHKA, KPacUTEJIb)
[00aBJIAINCH TIPU KaX10M CMeHe BOJEL.

i

2.2. Xumuueckue peareHrtbl

JiA Ky bTUBMpOBaHMA TYOKU MCIIOJIb30BaIU
OyTUIUPOBAaHHYI OalKajabCKyl0 BOAy. XUMMWYECKUI
cocTaB 3ToM Boghl omucaH B (Suturin et al., 2002).
Kpacuresis NBD-N2 6b11 ostydeH corsiacHo (Annenkov
et al., 2010). diyopeciieHTHbie HAHOYACTHUIB OBLIN
CUHTE3MpPOBaHbl B COOTBETCTBUU C HAIIUMM MPebIay-
My ctatbaMu (Annenkov et al., 2021; Annenkov et
al., 2023). [Ipyrue xuMuieckye BeniecTBa 66U IPUOO-
peteHsl B Sigma-Aldrich, Fisher nnu Acros Chemicals u
HCIIO0JIb30BaJINCh 6€3 AOMOJHUTEIbHON 00paboTKHU.

2.3. UccnepoBanne npuMMopdoB U TKaHEH
ryébok.

[IprnMmopdEl noMelann Ha MOKPOBHOE CTEKJIO,
paspes3anu Ha 2-4 yacTtu (B 3aBHCUMOCTU OT pasMmepa
npuMop®da), KKy 4acTh NEPEHOCUIIU Ha OTAeJIbHOe
IIOKPOBHOE CTEKJIO, CILIION[UBAJM CTEKJIAHHBIM IMpen-
METHBIM CTEeKJIOM M U3ydYaJd C TOMOIIbI0 3nudIy-
OpeCLIeHTHOM MUKPOCKONMUU. B sKcrneprumeHTax IO
MOACYETY KOJIMYEeCTBA CIUKYJI B eqUHHIle CYyXOro Beca
npuMMopda, UCIHOJIb30BaIM [Be IIpeJiBapUTeJIbHO
B3BellleHHbIe TTOKPOBHBIE IJTacTUHKU. Ilociie moacuera
CIIUKYJI METOAOM 3NUQJIyOpecIeHTHON MHKPOCKOIIUU
obpaser BeicymuBasy Haj 6essoanbM CaCl, B TeueHune
JBYX HeJleJIb U B BaKyyMe JI0 IOCTOSTHHOI'O Beca. JKCIle-
PUMEHTHI MO IOJiCUeTy NPOBOAWUJIN He MeHee YeM B
yeThIpeX IMOBTOPHOCTAX. OOpas3upl rydbku IJiA MUKPO-
CKOIIUM TOTOBWJIM, Aejiasd = 1 MM cpe3bl U3 BepIIMHBI
WA cepeqUHBI TeJia TyOKu.

CBeTtoBasg U (QJiyopecLeHTHas MHKPOCKOIHUA
MpoBoAWJIaCh Ha WHBEPTUPOBAHHOM MMKPOCKOIIe
MOTIC AE-31T c¢ prytHoi jammnoii HBO 103 W/2
OSRAM. /1511 BO3OYX AeHNs 3eJIEeHOM 1 XKeJITON SMUCCUU
MCIOJIb30BasIM cBeT 470 HM, a 1J11 cuHel 365 HM.

3. Pe3syabTartbl M 06cy)XxpeHue

BrUIO mpoBedeHO [OBe CepUM SKCIIePHUMEHTOB
¢ rybkamu. IlepBBIli KpaTKOCPOYHBIM 3KCIIEPHUMEHT
COCTOsIJT U3 8-AHEBHOrO KYJbTHUBHPOBAHMA IIPU Upe3-
BBIYaITHO BBICOKUX KOHIIeHTpanuax HaHorutactuka (0,1
u 1 mr/n, Puc. 1). Harouactuupsi I[1C u IIBX npoHuKau
B Tej0 TyOKMU TMpU KOHLEHTpauuu 1 Mr/ja ¢ TeHAeH-
quell K KOHIEHTpauuu B KjacTepsl padMepoM 10-20

o b i

Puc.1. I'yoka L. baicalensis B akBapuyMe U (pIyopeciieHTHbIe 300paXkeHNsA cpe30B ryOKku mociie 8 AHEN KyJIbTUBUPOBAHUS
B [IPUCYTCTBUM HaHOIIaCTUKOB. KpacHas ¢JiyopeciieHI1s - XJIOPOILUIACTEL, 3eJIeHas - HAHOYAaCTUIIBI IlacTuka. A — yactuusl [1C
200 M, B u C — vacturs! [1BX 85 HM. YacTuibl okpamuBamm qubeHsnidiryopecietHoM. KoHIleHTpanuys IIacTUKa COCTaBJIAIa
1 (AuB)uo0,1 (C) mr/n. MacmtabHsle JIuHeNKU cocTaBisaioT 25 (A), 50 (B) u 75 (C) pm.
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MKM, Ojm3Kue K pa3mepy kjieTok ryoku (Puc. 1A). B
ciyqae 0,1 Mr/s1 61711 OOHApPYKEeHBI TOJIBKO OTAEeJIbHBIE
kiacrepsl mnactuka (Puc. 1C). Bo BTOpoM 3kcrnepu-
MeHTe B TeueHHe [IByX MecAleB B KyJIbTypaJibHYyI0
cpeny no6assanu 0,01 u 0,1 mr/a wmanoudactur] [1C u
IIBX. I'y6xku ¢ Ha"odacturamu 0,01 Mr/na BeITJIAAEIN
30O0POBBIMM 4epe3 ABa Mecsdla, B TO BpeMsA Kak ryoku
¢ 0,1 Mr/; muacTUKa 4acTAYHO Nobesiesin yepe3 MecAll
SKCIepHMMeHTa U MOJIHOCTBIO PaspyLIMJINCh Yyepe3 ABa
Mecsna.

Crnenyer oTMeTuTb, 4To L. baicalensis - oueHb
CJIOXHBI OpraHu3M [Jia J1abOpaTOpPHBIX 3SKCIIEepU-
MEHTOB. J[JInTesbHBIE SKCIEPHUMEHTH MaJIOBEPOATHEI,
Tak Kak ryoka MoxeT NOrnOHyTh Yyepe3 1-2 MecAna KyJib-
TUBUPOBaHUA 0e3 BO3[EHCTBUA KaKUX-TUOO BpeaHBIX
daxropos. Kpome TOro, MOMEHT CMepTHU I'YOKU CJI0XKHO
3apukcupoBaTh. I[IpummMmopdsl, 3D-kysbpTypa camo-
OPTraHU3YIIMNXCA KJIeTOK IyOKH, ABJIAIOTCA XOpOoUIen
MOJEeJIbI0 JJIS AOJITOCPOYHBIX 3KCIepHUMeHTOB. [Ipum-
Mop®dsl L. baicalensis MOTYT XUTb B Bujie chepruecKux
CTPYKTyp pa3zmepoM 1-8 MM [0 JeBATU MecsleB. B
npumMMopdax GOpMHUPYIOTCA CIUKYJIBL, a ribesib NpUuM-
Mopda Jierko OOHapyXHUTh 110 €ro pa3pylieHuo.

MEs! poBesniu ABe cepuM SKCIEPHUMEHTOB C IPUM-
Mopdamu L. baicalensis. CHauana (Puc. 2) mobasisuiu
"a"ouactullpl [IBX u IIC B konuentpanuu 0,01-10
mr/n. @uayopecueHTHBII Kpacuteidb NBD-N2 Obui
JobaBiieH 1A oOHapyXeHHs CIOUKYJ, o0Opa3oBaB-
IMXCA B XOJie 3KcIepuMeHTa. Yepe3 mecsAn Mbl oO6Ha-
pyxunu 6oJjiee yeM TpeXKpaTHOe CHIXeHUe Kojuye-
CTBa HOBBIX CIHMKYJI B IPUCYTCTBUMU ILJIACTHUKA B JIIOOOM
koHIleHTpanuu. Crenyomuil skcrnepumedT (Puc. 3)
MOKa3plBaeT OTCYTCTBHE BJIMAHUSA HAHOIUIACTHKA B
xoHneHtpauuu 0,001 Mr/i B TeueHHe TpexX MecCHAILeB.
CybOmukpomeTpoBble yacTuliel PS paszmepom 600 HM
CHIXanyu oOpa3oBaHUe CIUKYJl IPU KOHILEeHTpanuu
0,001 mr/n. Bce Tpu miacTuka OBIJIM TOKCUYHBI IIpU
koHueHtpanuu 0,005 mr/J.

4. BbiBOADbI

Hamy sKcrepyMeHTH TIOKa3ajid, YTO HaHO-
YaCTUI[bl  TOJINCTUPOJIA, TOJUBUHWIXJIOPUAA U
noJi(MeTUJIMETAaKPUJIaTa) MOTYT MPOHUKATH B TEJIO
ryObKy M BBI3BIBaTh TOKCHUYecKue 3(PdeKTs (CHIXeHUe
MPOAYKIWHU CNIMKYJI), HAYUHas ¢ KoHIeHTpalui 0,005-
0,01 Mr/s1. 9TO OTHOCUTEJILHO BEICOKas KOHIIeHTpaIus,
HEMEBICTUMAasi B OOBIYHBIX BojfoeMax. C APYToi CTOPOHHI,
TPU MecsIla dKCIepUMeHTa HUYTOXHO MAaJIbl IO CPaB-
HEHUI0 C MPOJIOJDKUTEILHOCTBIO XU3HU T'yOKU. Jlajib-
HEWIIMe DKCIIEPUMEHTH JOJIKHBI OBITh HAIpaBJI€Hbl HA
BBIAACHEHUE Cy[bOBl HaHOIIaCTHKA B I'yOkax, OayiaHca
Mexay mnoTpebJieHUeM, BhIBEJIEHUEM U Aerpajjamnuei
IUTACTUKA, BO3MOXHO, C y4aCTHEM CUMOMOHTOB.

BAaaropapHoCTH

PaboTa BhInoOJIHEHA IIpU MoAAepXkke MuHucTep-
CTBa HAyKW M BBICHIEro oOpas3oBaHus Poccuiickoi
®enepanuu, mpoekt No 122012600070-9.
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Puc.3. 3aBUCHMMOCTb KOJIMYECTBA CIWKYJ, HIPUXOMs-
muxcA Ha 1 Mr cyxoro Beca npuMMop@da, OT KOHLIeHTpanuu
HAHOIUIACTHKA. B KyJIbTypaJIbHyI0 cpedly N00aBJIsUIM Kpacu-
tess NBD-N2 (0,5 pM) B kauecTBe BUTAJIbHOTO KPaCUTEJIS
JUI HOBBIX CIIUKYJI. Bpems KyJIbTHUBHPOBAHUA COCTABJIAIIO
TpU MecAna.
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