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OCcobeHHOCTV MMNUAHOTO MeTabom3ma
y Chlorella vulgaris npv aencTBM MUKPOINIEMEHTOB

BoaHap O. U., KoBanbckas I'. b., py6buHko B. B.
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Cpeny 6107IOrMYeCK) aKTUBHBIX H00aBOK /I MPOMMIAKTUKY HapyLIeHNiI 0OOMeHa BellecTB JC-
IIO/I3YIOT HaTMBHBIE BBICYIIIEHHBIE BOJOPOC/IN U CYOCTaHIMM Ha UX ocHOBe. OHM MOTYT OBITH 9 dek-
TMBHBIM MCTOYHUKOM CeJleHa U 9CCeHIManbHbIX MetaioB. Hanpumep, Chlorella vulgaris BkmodaeT
MMKPO3/IEMEHTbI B aKBaKY/IbType He TONbKO B MUTMEHTHI U O€/IKY, HO B 3HAUYNTEIbHOM KOJIMYeCTBe
U B JIMINABL, CTUMYIUPYs UX oOpa3oBaHue B KaeTkax Bogopocmu (JIyums A. V. u gp., 2015; Bunsp-
ckasa I. b. u mp., 2016; Jlykamms O. f. u ap., 2017). Llenp nccnenoBanms — onpeneieHne MHTEHCYBHO-
CTH 6MOCHHTe3a IUINAOB Y XTOPE/IIbI IIPY JeICTBUM MOHOB IyHKa 1 xpoMma (III) B mpucyTcTByny Ha-
Tpus cenenuta. B asxcnepumente K Kynbrype Chlorella vulgaris mo6asnsnm BonHbie pactBopbl Na,SeO,
u3 pacyera Ha Se(IV) — 10,0 mr/gm’, ZnSO ,OH,O u CrCl3'6HZO u3 pacyera Ha Zn** u Cr’** — no
5,0 mr/pm>. Y BoopoCrielt onpefensiii aKTUBHOCTD pepMeHTa OMOCHHTe3a TUINOB IInLepon-3-doc-
¢daranunrpancdepasst (KO 2.3.1.15) npu t=20°C u ocBemennn 2500 1k 1o Bxmoyenuto ['“C]-omeara
(184 xbk) B munupapt B npucyrcteum 0,6 MM rmuiepon-3-pocdara, rpurona X-100, 2 MM MgCl, Ha
npoTspkeryn 60 myH. Peakuntio ocranasmmBamm 10 % TXY, mumuas! skctparuposamu no Nichols, pas-
I MX PpaKuyy MeTOJOM TOHKOCIONHOV XpoMaTorpaguy 1 aBTopasnorpadupoBaIin.

Pesynbrarel BKIOUeHys B mumumpbl ['“CJ-omeata cBUIeTeILCTBYET O JOCTOBEPHOM BO3pacTaHMUMI
6uocunTesa Tpuanmnrmnieponos (TAT), cHikenun HakorteHus auauyiranieponos (JJAT) u yse-
nndeHny kommdectsa pocomumnunos (OJI) Mo OTHOIIEHNUIO K TOKa3aTe/IsAM B KOHTPOJIE BO BCEX CITy-
Jasx IefICTBMS MUKPO31eMeHTOB. Bxmrouenne ['*C]-oneara B >xupuble kucnotsl (JKK) sBisercs cnen-
CTBUEM M3MeHeHMs ux obuero ¢onza (myna), CBSI3aHHBIM C aKTMBALVell TUIMAHOIO MeTabonmsma
IIpM JeiiCTBUM COJIell celieHa, IMHKaA 1 XpoMa. Orear AbiAeTcs npepuectseHHNKoM apyrux KK, xo-
TOpBIE BKIIOYAIOTCS B I/IMLEPOIUIINIBL. BBIsAB/IeHO BO3pacTaHMe MHTEHCUBHOCTY BKmodeHus [1*C]-o-
jleaTa B OCHOBHOJI KOMIIOHEHT K/IeTOYHbIX MeMOpaH — ®JI, 4To cBUAeTeIbCTBYET 00 UX yYacTUM B
dbopMMpoBaHUY TOKCMKOPE3MCTEHTHOCTI KIETOK BOLOPOC/IN.

Yro kacaeTcs cofep>KaHysl MUINOB, TO IIPYU JIeVICTBUI CEJIEHNTA HATPYsI OTHENbHO U IIPU COBMECT-
HOM B/IUsSHUK ¢ MoHamy nyHKa 1 xpoma (III) nx obigee comepkanme BodpactaeT Ha 9%, 13% u 10 %
COOTBETCTBEHHO. [Ipu atoMm, copepkanme TAIL mpy HeiicTBUM CeTIEHNTA M CEIEHUTA C LIVTHKOM VMI3MEHsI-
€TCsI OTHOCUTE/IbHO KOHTPOJIA He3HaUUTeNbHO. [Ipu peiictBun cenennta u xpoma Komrdectso TAT mo-
BbImaeTcs Ha 76 %. Komraectso JAT nipm neiicTBuY ceneHnTa OT/IENbHO 1 C MOHAMM XPOMa I0CTOBEPHO
yMmenbInaetcs (Ha 18 % u Ha 15 % cCOOTBETCTBEHHO), a CeJIEHNTA C IOHAMI I[THKAa — Bo3pacTraeT Ha 31 %.
Mamensercs Taxoke copepxanue OJI: mpu eicTBUM CeJIeHNTa OTAEIBHO VM C MOHAMMY IIVIHKA VX COflepyKa-
HI€ COOTBETCTBEHHO yBenmunBaeTca Ha 20 % u 10 % OTHOCUTENbHO KOHTPOJIA, a IIPY COBMECTHOM BO3-
mevictBuu cenenuta u xpoma (II1I) — cHmkaercs Ha 15 %. CormacHO ¢ BbIABIEHHBIMY 3aKOHOMEPHOCTSI-
MU U3MeHsIeTCs cofiep>kanue u HearepuduuypoBaHHbix JKK: mpy eiicTBUM cesleHnTa ¢ MOHaMU LIMHKA
n xpoma (III) nx copeprxanue yBemmumBaeTcss COOTBETCTBEHHO Ha 48 % 11 20 % OTHOCUTE/TbHO KOHTPOJIA.

V3BeCTHO, 4TO 0O11Ielt TEH/IEHIVEl PeaKIIi 3e/IeHBIX BOLOPOCIEl, B TOM KCTIE ¥ XJIOPETIIbI, Ha BO3-
IeJICTBYIe MUKPO3/IEMEHTOB SIB/ISETCS Ilepepaciiperie/ieHyie COOTHOLLIEHVISI TIMIINIOB Pa3/INIHbIX K/IaCCOB.
VHpMBYAya/IbHBIE XKe peaKLMyl XJIOPe/Ibl Ha BO3JEICTBYE Pas/MIHbIX KOMOVHALNMIL COTIelt SIB/IIOTCS
ajanTanyel Kak Ha ypoBHe o01iero MeTabomusMa, Tak 1 Ha ypOBHe IMIMAHOTO Metabomusma. Coro-
CTaB/IsAs Pe3y/IbTaThl AKTUBHOCTI OMOCHHTe3a JIMIIUJOB C MX COIep)KaHNeM B KIeTKaX, MOKHO CHie/laTh
BBIBOJ| O TOM, YTO BHOBb CHHTEe3V[POBAHHbIE UM/l AKTUBHO VCIIONIB3YIOTCA I OOecredeH s CIery-
(budecknx afjanTanyil K BO3JEVICTBAIO CEJIEHUTA U1 MOHOB MeTayIoB. OfHAKO, MEXaHM3M TOKCUYECKOTO
IeVICTBYUA MUKPO3/IEMEHTOB U (JOPMUPOBAHMA PE3VCTEHTHOCTY K/IETOK K HVIM, II0-BUAVIMOMY, Pa3/IideH.
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Features of lipid metabolism in Chlorella vulgaris Beij.
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Among the biologically active additives that are used for prevention of metabolic disorders are na-
tive dried algae and substances that were made on their basics. They can be used as an effective source
of selenium and essential metals. For example, Chlorella vulgaris introduces micronutrients from aqua-
culture, not only into pigments and proteins, but also in a significant amount into lipids, stimulating
their formation in algal cells (Lutsiv A. I et al., 2015; Vinyarskaya G. B et al., 2016; Lukashiv O. Ya. et. al,
2017). The aim of the study was to determine the intensity of lipid biosynthesis in chlorella under the
action of zinc and chromium (III) ions in the presence of sodium selenite. In the experiment, the aque-
ous solutions of Na SeO, calculated from the normal ratio for Se (IV) — 10.0 mg/dm3, ZnSO,-5H,O
and CrCl,-6H,0 based on Zn** u Cr’* — at 5.0 mg/dm3 for the Chlorella vulgaris culture. The activity
of the enzyme of lipids biosynthesis of glycerol-3-phosphatacyltransferase (QF 2.3.1.15) at t = 20°C and
illumination of 2500 lux was determined in algae by the incorporation of ['*C] -oleate (184 kBq) into
lipids in the presence of 0.6 mM of glycerol-3 phosphate, Triton X-100, 2 mM MgCl, during 60 min.
The reaction was stopped by 10 % TCA, lipids were extracted using Nichols procedure, their fractions
were separated using thin layer chromatography and autoradiographed.

The results of the of ['*C] -oleate inclusion into lipids testifies a significant increase in the biosyn-
thesis of triacylglycerols (TAG), a decrease of the diacylglycerols (DAG) accumulation and an increase
in the amount of phospholipids (PL) relatively to the parameters in the control groups in all cases. In-
clusion of ["*C]-oleate in fatty acids (FA) is a consequence of changes in their total pool associated with
the activation of lipid metabolism under the action of salts of selenium, zinc and chromium. Oleate is
a precursor of other FAs that are incorporated into glycerolipids. An increase in the intensity of ["*C]-
oleate incorporation into the main component of cell membranes, PL, is revealed, which indicates their
participation in the formation of toxic resistance of algal cells.

With regard to the content of lipids, in case when the sodium selenite acts separately and when it is
combined with zinc and chromium(III) ions, their total content increases by 9 %, 13 % and 10 %, respec-
tively. At the same time, the content of TAG under the action of selenite and selenite with zinc varies
insignificantly with respect to the control. After adding selenite and chromium, the amount of TAG was
increased by 76 %. The amount of DAG under the action of selenite separately and with chromium ions
significantly decreases (by 18 % and 15 %, respectively), and selenite with zinc ions increases by 31 %.
The content of PL is also changed: when the action of selenite is separately and with zinc ions, their con-
tent is accordingly increased by 20 % and 10 % relative to control, and when combined with selenite and
chromium (III) — decreases by 15 %. According to the revealed regularities, the content of non-ether-
ified FA varies: after adding selenite with zinc and chromium (III) ions, their content increases by 48 %
and 20 %, respectively, with respect to the control.

It is known that the general tendency of green algae reaction, including chlorella, to the action of
trace elements is the redistribution of the lipids ratio different lipid classes. Individual reactions of chlo-
rella to the influence of various combinations of salts are an example of adaptation as at the level of gen-
eral metabolism and at the level of lipid metabolism. Comparing the results of lipid biosynthesis activity
with their content in cells, we can conclude that newly synthesized lipids are actively used to provide
specific adaptations to the effects of selenite and metal ions. However, the mechanism of the toxic effect
of microelements and the formation of cell resistance to them, apparently, is different.
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