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HUccnemoBanus mokasamu, uro apoxckn Rhodotorula rubra RA-10, Rh. aurantiaca Y-1195 u Rh. glutinis Y-1335
pearupyioT Ha IPECYTCTBHE ONPEICICHHBIX KoHIeHTpamuii metamios (Cu®’, Zn®* u Cd®") B cpene yTparoii murmenta u
nHrubuposanueM pocra. [losmHas yrpata nmurMeHra HaOnoJajnach NpU KOHUECHTpAIMAX MeTawioB, uto Ha 11,2-75 %
HI)KE TEX KOHIICHTPAIIMi, MIPH KOTOPBIX HAOJIONATIOCH OJIOKHMPOBAHUE POCTa Apoxokeidl. CoenaHo MPEeanoioKeHHE O
BO3MOXXKHOM YYacTHH KapOTHHOHMJOB M HX IpPEIIIECTBEHHUKOB B CHIDKCHUHM BIHMSHUS CBOOOJHBIX PaJMKAJIOB Ha
NpoxoKeBble KIIeTKH. [lomydeHHble pe3ynbTaThl Ae/1al0T BO3MOKHBIM PEKOMEHI0BAaTh JPOXAKEN poja Rhodotorula mst
HCTIONB30BaHUs B OMOMHINKAIIMOHHBIX NCCIIEAOBAaHUAX IIPH 3aTrPsI3HEHUH OKPYXKAIOWIEH Cpelbl TSHKEIbIMU MeTaJuIaMU.

Kniouegvle cnosa: nuemenmcunmesupyiowue OPONCHCU, UOHbL MANCEBIX MEMAL08, POCH, MAIOHOBbLL OUAIbOe2Uo,
buounouxayusl.

BIOIHAMKAILIA 3ABPY IHEHH A JTOBKUIJIA BAXXKMMU METAJIAMU 3A I0ITOMOI'OIO
KAPOTUHOCHUHTE3YBAJIbHUX APDKIDKIB POAY RHODOTORULA

Kpymneii K.C., Punscbkuit O.O.

3anopizvkuti HayionanvHuu yHieepcumem, Ykpaina, 69600, m. 3anopixcoics, 8yn. ’Kykoecvkozo, 66

JocnimkenHs mokaszamu, mo apixmki Rhodotorula rubra RA-10, Rh. aurantiaca Y-1195 ta Rh. glutinis Y-1335
pearyioTh Ha NMPHCYTHICTB MEBHHX KoHIEHTparii meramis (Cu?*, Zn?* ta Cd*") y cepemoBumii BTpaToro mirMeHTy Ta
iHridyBanHsIM pocty. [ToBHa BTpara mirMeHTy crocTepirajacs IpH KOHLEHTpaIisx MeTaliB, mo Ha 11,2-75 % Himkue
TUX KOHIIEHTpAIIilf, 32 IKUX BigOyBaocs OJOKYBaHHS POCTY OPIXKIB. 3p00IEHO MPUIYIICHHS PO MOXKIINBY Y9aCTh
KapoTHHOIAIB Ta IX MONEPEAHWKIB Yy 3HW)KEHHI BIUIMBY BUIBHUX paJuKaliB Ha JPDKIDKOBI KiiTHHH. OTpuMai
pe3yNbTaTH JI03BOJISIIOTE PEKOMEHIyBaTH IpixmkiB poxy Rhodotorula mis BukopucranHs B GioiHAMKAI[IMHUX
JIOCII/KEHHSX 32 YMOB 3a0pyIHEHHsI JOBKULISI BAKKHMH METalaMH.

Knouogi cnosa: niemenmocunme3y8anvHi  OpidicOdiCi, 1OHU BANCKUX Memanig, picm, MAIOHO8UL 0ianb0e2io,
bioinoukayis.

BIOINDICATION OF HEAVY METALS POLLUTION BY CAROTINOID-SYNTHESIZING
YEASTS RHODOTORULA GENUS

Krupey K.S., Rylsky A.F.
Zaporizhzhya national university, Ukraine, 69600, Zaporizhzhya, Zhukovskogo Street 66

The surest and the most available methods of the anthropogenic violations diagnosis are based on a number of
microbiological characteristics, because among all the representatives of the biota, microorganisms are the most
sensitive to change of the medium.

Metals persist in the environment and can become concentrated up the food chain. Metals may be bioconcentrated,
bioaccumulated and biomagnified within food chains, causing higher trophic organisms to become contaminated
with higher concentrations of chemical and metal contaminants than their prey. The risk for toxicity depends on
the frequency, intensity and duration of contact with the metal contaminant along with exposure route. Toxicity
risk also depends on the inherent toxic potential of the metal itself.

These heavy metals (HM) influence the microbial population by affecting their growth, morphology, biochemical
activities and ultimately resulting in decreased biomass and diversity. HM can damage the cell membranes, alter
enzymes specificity, disrupt cellular functions and damage the structure of the DNA. Toxicity of these HM occurs
through the displacement of essential metals from their native binding sites or through ligand interactions. Also,
toxicity can occur as a result of alterations in the conformational structure of the nucleic acids and proteins and
interference with oxidative phosphorylation and osmotic balance.
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As is known, exceeding of the HM concentrations in nature has an adverse effect on the ecological state of the
environment, which may lead to the malfunction of physiological and biochemical processes taking place in living
organisms. Main sources of HM, polluting environment, are metallurgy and galvanic shops of the industrial enterprises.
That is why the search for effective methods of environment pollution indications by HM has taken the first place
recently.

HM are natural constituents of the earth's crust, but indiscriminate human activities have drastically altered their
geochemical cycles and biochemical balance. This results in accumulation of metals in plant parts having secondary
metabolites, which is responsible for a particular pharmacological activity. Prolonged exposure to HM such as
cadmium, copper, lead, nickel, and zinc can cause deleterious health effects in humans. Molecular understanding of
plant metal accumulation has numerous biotechnological implications also, the long term effects of which might not be
yet known.

Any toxic metal may be called HM, irrespective of their atomic mass or density. Heavy metals are a member of an ill-
defined subset of elements that exhibit metallic properties. These include the transition metals, some metalloids,
lanthanides, and actinides. One source defines HM as one of the common transition metals, such as copper, lead, and
zinc. These metals are a cause of environmental pollution from sources such as leaded petrol, industrial effluents, and
leaching of metal ions from the soil into lakes and rivers by acid rain.

Living organisms require varying amounts of HM. Iron, cobalt, copper, manganese, molybdenum, and zinc are required
by humans. All metals are toxic at higher concentrations. Excessive levels can be damaging to the organism. Other HM
such as mercury, plutonium, and lead are toxic metals that have no known vital or beneficial effect on organisms, and
their accumulation over time in the bodies of animals can cause serious illness. Certain elements that are normally toxic
are for certain organisms or under certain conditions, beneficial. Examples include vanadium, tungsten, and even
cadmium.

HM disrupt metabolic functions in two ways:

1. They accumulate and thereby disrupt function in vital organs and glands such as the heart, brain, kidneys, bone, liver,
etc.

2. They displace the vital nutritional minerals from their original place, thereb, hindering their biological function. It is,
however, impossible to live in an environment free of HM. There are many ways by which these toxins can be
introduced into the body such as consumption of foods, beverages, skin exposure, and the inhaled air.

HM contaminations of land resources continue to be the focus of numerous environmental studies and attract a great
deal of attention worldwide. This is attributed to no-biodegradability and persistence of HM in soils.

So, the usage of the pigment-synthesizing bacteria as bioindicators is a new and promising tendency. Visual observation
of the change of the pigment brightness under the influence of HM may serve as objective bioindicator of the
environment pollution. Thus, researches of the bacteria that we carried out aroused our interest to the research of the
HM influence on the pigment-synthesizing ability of the yeasts. In the literature accessible for us is mentioned only the
fact that yeasts have the ability to sorb HM, and there is little information about the ability to change the pigment color
in HM presence in the medium. As is known, exceeding of the HM concentrations in nature has an adverse effect on the
ecological state of the environment, which may lead to the malfunction of physiological and biochemical processes
taking place in living organisms. Carotenoid biosynthesis is a specific feature of the Rhodotorula, Rhodosporidium and
Phaffia genera. The best known function of carotenoids, such as a-carotene, f3-carotene, B-cryptoxanthin, torulene and
torularhodin, is acting as provitamin A. p-carotene possesses the highest provitamin A activity. The application of
carotenoids as natural pigments in food and forages is a well-known practice. Carotenoids, and especially p-carotene,
also act as antioxidants by reacting with active oxygen species and as anti-carcinogenic agents. For effective
carotenogenesis, of vital importance is the use of: inexpensive alternative carbohydrate sources found in natural
substrates, which typically are by-products from various industries and tend to contaminate the environment; and strain-
producers of high carotenoid-synthesizing activity.

Thus, the aim of our study was to investigate the influence of HM on the carotinoid synthesis of the yeasts Rhodotorula
genus.

The object of the research was pigment synthesizing yeasts Rhodotorula genus. Solid nutrient medium Sabouraud was
prepared on the base of the water with certain HM salt concentrations. Nutrient medium Sabouraud without metals was
used as a control. When Sabouraud set congeal, 18-days cultures was seeded by solid lawn on it (0,2 ml per one Petri
dish). Suspension density was 10°/ml. Yeasts incubated in the thermostat under the temperature 27-28 °C. Results were
calculated on the 3" days of the cultivation. Visual observation and comparison of the experimental samples with the
control was carried out. For the calculation of the color intensity difference between experimental and control samples,
the Petri dishes with yeasts colonies were photographed, photos were loaded in the program Adobe Photoshop, indexes
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of the color model channels (Lab), and then the difference of the pigment color intensity was calculated in the program
CIEDE 2000. The concentration of malondialdehyde was determined on well-known methodology of M. M. Musienko.

The research has shown that yeasts Rhodotorula rubra RA-10, Rh. aurantiaca Y-1195 and Rh. glutinis Y-1335 react on
the certain metal concentrations presence in the medium by pigment loss and by growth inhibiting. Absolute loss of
pigment was observed under the concentration of metals that was by 11,2-75 % lower than the concentrations under
which absolute blocking of the growth of yeasts was observed. It has emerged that the most toxic HM for yeasts Rh.
rubra RA-10 is Zn®* and for yeasts Rh. aurantiaca Y-1195 is Cd®* (pigment synthesis was blocked under the 200 mg/l
concentration of zinc and cadmium ions). Inhibiting effect on the synthesis of pigment at yeasts Rh. glutinis Y-1335
rendered the Zn?* and Cu®" ions (pigment synthesis was blocked under the 200 mg/l concentration of zinc and 250 mg/I
concentration of copper). The assumption about probable participation of carotenoids and their predecessors in decrease
of free radicals influence on yeasts cells has been made. Thus, visual observation of the change of the pigment
brightness under the influence of heavy metals may serve as objective bioindicator of the environment pollution.
Obtained results make it possible to recommend the yeasts Rhodotorula genus for the usage in the bioindication
researches.

Key words: pigment-synthesizing yeasts, ions of heavy metals, growth, malondialdehyde, bioindication.
BCTYILVIEHHUE

Cpenu XUMUYECKUX BELIECTB, 3arPs3HAIOLINX OKPYXKAIOIIYIO Cpey M HEraTHBHO BO3JCHCTBYIOIUX
Ha 4esjoBeka, Tskenble MeTauibl (TM) m ux coequHeHHs 00pa3ylOT 3HAYUTENIBHYIO TPYIIY
TOKCUKAHTOB. OCHOBHBIMH HMCTOYHUKaMU TM, 3arpsA3HSAIOLMX OKPYXAIOILYI0 Cpeny, SBIISIOTCA
METAJUTYprHsi M TaJlbBaHUYECKHE I1eXa MPOMBIIUICHHBIX mnpennpusatuii [1, 2]. Ilosromy mouck
3¢ GEKTUBHBIX U SKOHOMUYECKH BBITOJIHBIX METOJI0B UHAMKAIMU TM B cpefie sBIseTcs akTyaabHON
poOIIeMO.

Ha cerogns cucreMa OLEHKHM COCTOSHHUS OKpPYXKAlOIIEW Cpenbl ONpEAeseTcss ¢ IIOMOIIbIO
npeneiabHo qonyctumbix kKoHueHTpanuil (I1IJJK) xumudeckux BemiecTs, KOTOpble pa3padaThIBatOTCs
rOCYJapCTBEHHBIMM OpraHamu 3japaBooxpaHenus. Ilpu paspabotke IIJIK u mnocnenyromem
KOHTpOJIE 3arpsA3HEHUN HCIOJIB3YIOT pa3JIMYHbIE AHAJIUTHYECKUE METOABL: XHMHYECKHE,
¢busnveckue, GU3NKO-XMMUYECKHEe U OMoxuMudeckue. Bce oHM sBiAOTCS MHGOPMATUBHBIMU IS
YyesoBeKa U TpeOyIOT OOJIbIIUX MaTepHalIbHBIX 3aTpaT. [ OLIEHKH e COCTOSIHMSI OKpYy»Karollen
cpeabl uHGOpManus otHocuTesnbHO IIJIK okasbpiBaeTcsi HEOCTATOYHOM, IOCKOJIBKY MHOTHE
MOJUTIOTAHTBl CIOCOOHBI TPaHC(POPMUPOBATHCS B OKpPY)KAlOIIEW Cpele M JKUBBIX OpraHu3Max B
Ooslee WM MEHEEe TOKCHYHBIE COEAMHEHHs (IIPUMEpPOM Takod TpaHChOpMalUd MOXKET OBITh
IIPEBpAIICHUE B MHMKPOOPTaHM3MAax METAUIMYECKOW PTYTH B BBICOKOTOKCHYHOE COEIWHEHHE —
metunptyTb) [3]. Cnenyer Takke ormerutbh, uto [1JIK HEe y4MTHIBAIOT BIMSIHHE ONpPEICICHHBIX
KOHIICHTPAallMHd  3arpsA3HAIOIIMX BEIIECTB Ha pa3HbIE BO3PACTHBIC KAaTErOPUU HACEJIECHMS,
cyMMapHbId 3 GEeKT BO3ACUCTBUS XHMHUYECKHUX COEIMHEHMH W MHorue apyrue daktopsl. K
COKaJICHUIO, CETOJIHS CTOPOHHUKM WHCTPYMEHTAJIbHBIX METOJOB MCCIEIOBaHUMN IpeHeOperaroT
OMOMHIUKAIMEH, apryMEeHTHPYys 3TO TE€M, YTO C MOMOIIBI0 JAHHOTO METOAA HE BCErJa MOXKHO
YCTAaHOBUTBH TOYHYIO KOHIIEHTPALMIO XMMHUYECKOTO BelecTBa B cpeae. Ho s oneHkn cocTostHus
OKpY>Karolel cpebl 11e1ecoo0pa3Ho UCTIONb30BaTh KPUTEPUH, KOTOPbIe HH(OPMHUPYIOT O BIUSHUH
aHTPONOreHHBIX (PAaKTOPOB Ha creuuduyecKkue MpU3HAKU OWOMHIMKATOPOB, @ HE TOJIBKO MpPO
KOHILICHTPALUIO TOT'O WJIK UHOTO 3arpsi3HUTEIIS.

HaunGonee Haje)KHBIC W JOCTYITHBIE METOBI JJHMATHOCTUKH aHTPOMOTEHHBIX HAPYIICHUH OCHOBAHBI
Ha psAIe MHUKPOOHMOJOTHMUYECKHUX TIOKa3aTeneil, MOTOMy 4YTO M3 BCEX MpelCTaBUTENeld OHOTHI
MUKPOOPTaHNU3MBI HarOoJIee IyTKO pearupyroT Ha U3MEHEHHE YCIOBHI oOuTaHus. Tak, 10CTaTOYHO
HOBBIM U TIEPCIIEKTHBHBIM HANPABIEHUEM SBJISETCS HCIOJNB30BAHHE MUTMEHTCHHTE3UPYIOMINX
OakTepwuii kKak OnoMHIMKATOPOB [4, 5]. OHAKO HA CETOMHSAIIHUN JAeHb HE U3ydueHO BiausHue TM Ha
OJTHOKJICTOYHBIX JYKAPUOTUYECKHX OPraHW3MOB, OJHUMH M3 KOTOPBIX SIBISIOTCA APOXOKUA. B
JOCTYIIHOM HaM JIUTepaType YKa3bIBaeTCs TOJIBKO TO, YTO JPOACGKUA 00JIaZaloT CIIOCOOHOCTHIO
copbupoBath TM, a (akTbl ONOKMpOBaHMS CHHTE3a NMHUIMeHTa B mpucyrcTBud TM B cpene
BCTPEYAIOTCSA B BUE KOPOTKHUX HECHCTEMHBIX coobOmieHuii [6]. Onnumu n3 Hanbosee OOraTeix Ha
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KAueCTBEHHBII COCTaB KapOTHHOWIOB SIBISIFOTCS Ipojoku pona Rhodotorula, koropbie criocoOHBI
CHHTE3MpOBaTh puTOMH, GUTODIIIONH, HEHPOCIIOPHH, Y-, 3-, E-KapOTHUHBI, TOPYJIHMH U Apyrue [7, 8].
[TMrMeHTCHHTE3UPYIOMINE IPOXKIKH MOTYT XOPOIIO PacTH Ha MHIIEBBIX MPOJIYKTaX, UX BBIICISIOT
U3 BOJBI, IIOYBbI, HA3E€MHBIX 4YacTeH pACTEHWid, CJEJOBATECJIbHO, OHH MOTYT CIY)KUTb
OOBEKTHUBHBIMM OWOWMHIMKATOpaMH 3arpsi3HEHus OoKpyxkatomeil cpeast TM. IlpoBenennsie
uccnenoBanus o BiusHuio TM Ha apoxoku Rh. aurantiaca Y-1193 u Rh. glutinis Y-1333 [9, 10]
3aMHTEPECOBAIM HAC MPOBEPUTH AeicTBHe TM Ha CHHTE3 MUTMEHTa JAPYTUX IITaMMOB JIPOXKKEH
poxa Rhodotorula. Takum oOpa3om, Lenbi0 Halei padoThl OBUIO M3YUUTh BiUsiHHE TM Ha cUHTE3
KapOTHHOMIOB y Jposokeil poga Rhodotorula, a taxke BBISIBUTH BO3MOYKHBIC MEXAHU3MBI 3aIIUTHI
JPOAOKEBBIX KIETOK OT «METAJNTMYECKOTr0» CTpecca.

MATEPHUAJIBI U METOABbI UCCJIEAJOBAHUA

OOBEKTOM HCCIIe0BaHKs ObLUTH MUTMEHTCHHTE3UpYyIomue apoxoku Rh. rubra RA-10 (BeieneHHbIC
coTpyaHUKaMu MHCTUTYTa KOJUIOMIHOM XUMUM U XUMuM Bozibl M. A.B. Jlymanckoro AH Ykpaunsl ¢
BOJIONPOBOJIHOM NHUTHEeBOM BOabI T. Kuesa), Rh. aurantiaca Y-1195 u Rh. glutinis Y-1335 (ir06e3H0
MPEAOCTAaBIICHHbBIE HaM M3  YKPauHCKOM  KOJUIEKIMM  MHUKpPOOpPraHu3MoB  MHcTUTyTOM
Mukpobuonoruu u Bupyconoruu umenn J1.K. 3a6onornoro HAH Ykpaunsr).

Teepayto mnwurarenbHyro cpeny CaOypo TOTOBHJIM Ha OCHOBE BOJbl C  OIpPEICICHHBIMU
koHrenrpanusamu coeii TM: CuCly2H,0, ZnSO47H,0, CdCl,. Takum o0Opa3om, BoOjHBIC
MOJICITBHBIE PACTBOPHI coepkanu Takue uousl TM, kak Cu?*, Zn*" u Cd*". Korrpomem ciyxuma
nutatenbHas cpega Cabypo 6e3 meramioB. Ilocne 3acteiBanuss CaOypo Ha HEro CIUIOIIHBIM
ra3oHOM 3aceBaju 18-CyTOUHyIO KyJIbTypy Apoxoxkeid. [LIoTHOCTH cycneH3uu cocTaBisiia 10
KI./mMi1. [Ipoxoku mHKyOWMpoBanmu B TepMmocTare npu Temreparype 27-28°C. Y4uér pe3ynpTaToB
MIPOBOJIMIIM Ha 3 JIeHb KynbTuBUpOBaHMs. Habmoganu Bu3yalibHO, CPAaBHUBAs OMBITHBIE 00PA3LIbI C
KoHTposeM. [l pacdyera pa3HUIBl B MHTEHCUBHOCTH 1IBETa MEXAY ONBITHBIMU U KOHTPOJIbHBIMU
obpa3uamu yamku Iletpu ¢ qpoxxkeBbIMU KOJOHUSAMH (oTorpadupoBaiu, noMerani Gororpadpun
B KoMIbloTepHyto mporpaMmMmy Adobe Photoshop, ompenensuin mokaszarenu KaHanoB LIBETHOM
monenu (Lab), 3atem B mporpamme CIEDE 2000 paccuuThiBagu pa3HMIly B UHTEHCHBHOCTH 1IBETa
nurmenTa [11].

Jns onpezneneHust KoindecTBa MajaoHoBoro auanpiaeruga (MJIA) B KOHTPONBHBIX M ONBITHBIX
obpasmax apoxokeByro oromaccy Rh. aurantiaca Y-1195 cmbiBanu ¢ TBEpIO# MUTATEIBHON CPe/IbI
Cabypo u uentpudyrupoBanu mnpu 6000g; 20 mun. HaBecky aposxxxeBoit 6uomaccer (0,35 1)
M3MeNbYaliy U pactupain B ¢paphopoBoi CTymnke ¢ 2 oM’ JUCTHUIMPOBAHHOM BoAbl. K romorenary
nobasmsiin 3 cM” TpuxjopykcycHoi kucnotel (TXY) m romoreHusupoBamu BTopoit pa3. C
MOJIyUEHHOT0 TOMOT€HaTa OTOUpaId B MEpHbIE MPOOUPKHU C MPUTEPTHIMU MPOoOKaMu 2 MpoOsI Mo 2
eM®. K oxHoif W3 HEX 10GaBISUIH paBHBII 00BeM (2 eM®) TXY u 3Ty npoOy B JalbHEHIIeM
UCIOJIb30BAJIM KaK KOHTPOJb mpu cnekrpodoromerpun. K napyroit mpobe mobasmsiu 2 cm®
pactBopa TuobapouTypoBoit kuciotsl (TBK). I[Ipo6st maKyOHpoBanu 30 MUH. Ha KUTIAIIEH BOISTHOM
Oane, 3areM oxjnaxnanu u ueHtpudyruposanu npu 3000g; 10 mun. CynepHaraHT oTOMpain
IINPHUIIOM B IPOOUPKHU M U3MEPSUIN MOKa3aHUs ONTUYECKOH MIIOTHOCTH Ha criekTpodoromerpe CD-
42 (A=532 um).

Kommuaectso M/JIA (X) B npoxckeBoit buomacce BeIpakann B HaHOMOJIIX MJIA Ha 1 T cyxoit macchl
Y PacCUMUTHIBAIU TIO opMyIIe:
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D.,, *1000000 *V * A
H*e ’

rae X — konuaectBo MJIA B nposkxkeBoi bromacce;

Ds3, — 3HaYeHHS] ONTHYECKOH TUIOTHOCTH TpH (A=532 HM);

V — 00beMm;

A — oTHOIIEHHE 0011eT0 00BeMa BEITSKKU K 00beMy MpoObI, B3sTOM 11 onpeaeneaus MIA;
H — HaBecka 1pox:keBoil OMOMAcCCHI, T;

€ — MOJISIPHBII KO3(UIIMEHT SKCTHHKIMH, paBHBIA 155000 1/(cM-Momb) [12].

CratucTuyecKkyo 00pabOTKy TMPOBOMWIM C MOMOIIBIO KOMIIBIOTEPHBIX Tmporpamm Excel wu
STATISTICA 10.

PE3YJIBTATBI U UX OBCYKJAEHUE

HccnenoBanus mokasainu, 4to apoxoxu poaa Rhodotorula pearupyror Ha npucyrctue B cpeae TM
3aJICPXKKOM POCTa U MUTMEHTO00Opa3zoBanus (cM. Tabu. 1-3).

bnokupoBanue cunTe3a nmurMenTa y aposxokei Rh. rubra RA-10, Rh. aurantiaca Y-1195u  Rh.
glutinis Y-1335 HaOmogamoch OpH  KOHIEHTpalusx #HoHOB Mean Ha 14,3, 30 u 584 %
COOTBETCTBEHHO HWXKE TE€X KOHIICHTPAIMH, KOTOPHIE MOJHOCTHIO TOJABISUIA POCT APOXIKEH.
Mexanu3m copOuuMyd Meau KIeTKaMH JpOXOKeH OCHOBAaHHBIM Ha B3aMMOACHCTBHM MEXAY €€
WOHAMH ¥ HYKJICHHOBBIMH KHCJIOTaMU U (epMeHTaMu. V3BECTHO, YTO MeJlb ABISIETCS KOYAKTOPOM
i psaga ¢depmentoB — CuU, ZN- cymepoKCHUIAMCMYTa3bl, JU3WIOKCHIA3bI, TalaKTO3WAa3bl U
npyrux. OJHAKO OCHOBHBIM MEXaHU3MOM JICHCTBUS MEIM SIBISICTCS Pa3pyIICHHE IEITOCTHOCTU
nuroruiazmarinyeckoir memopaunsl [13, 14]. poxoxu Rh. rubra RA-10 oka3zamuce Haumbosee
ycroiunBbiMH K noHaMm Memau (I1), KOHIeHTpaIys, mpu KOTOpo emié HaOmaaics ciadblii pocT
OeCIIMIMEHTHBIX KOJIOHHH, cocTaBisuia 700 MF/I[M3 Meau, a koHueHTpauus 600 M/L[M3 nonos Cu®*
BbI3bIBaJIa OJIOKMpOBaHME cUHTe3a nurMeHrta. llpum konmnentpamusx 50-300 MI/IM° MeJH y
apoxokedn Rh. aurantiaca Y-1195 komoHum wuMenu ONeIHO-PO30BYIO OKPacKy H KoOe-Tjie
BCTPEUAINCHh OCCIIUTMEHTHBIC KOJOHWW. Tak, paHHWE HWCCIICIOBAaHUS YUYEHBIX ITOKa3alld, YTO
Hanbosiee CTOMKUM K BBICOKMM KOHIIEHTpAIMAM MEIH OKa3ajics MUTMEHTHPOBAaHHBIN ImtamMm Rh.
aurantiaca Y-1195 — pocrt naGmomancs aaxe npu KoureHtpanuu 500 MF/)IM3 nonos Cu?' B cpene
[6]. Cnemyer OTMETHTB, YTO pE3YyJIbTAThl HAIIMX WCCICIOBAHUN MOITBEPIMIN OTOT (aKT.
Konuenrpaunu 350-500 MF/}IM3 MEIH BBI3BIBAIM POCT TOJBKO OECHMIMEHTHBIX KoJoHHH Rh.
aurantiaca Y-1195. Ilpu 600 mr/am° nonos Cu®’ B cpelie pocTa KOJOHHWM He HaOIonanoch. Y
npoxokeit Rh. glutinis Y-1335 npu konmentpammsx 150 i 200 mMr/am° Kynpyma HaGIoancs poct
MUTMEHTHBIX M OECHUTMEHTHBIX KOJOHUH, a KoHIeHTpauuu 250-600 MF/I[M3 IAHHOI'O MeTalia
BBI3BIBAJIM POCT TOJILKO MOJIOYHBIX KosioHwit. Poct Rh. glutinis Y-1335 OnokupoBaicst mpu
koHueHtpauuu 700 Mr/z[M3 MEJIA B CpeJIE.
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Tabmmua 1 — Biusane nosos Cu®* Ha cuHTE3 MUrMEHTOB y aposxxeit Rh. rubra RA-10,
Rh. aurantiaca Y-1195 u Rh. glutinis Y-1335

. Rh. rubra RA-10 | Rh. aurantiaca Y- | Rh. glutinis Y-1335
= = 1195
= =
s =
S - *
¢ * = =
> *
as) N O N Q
=% 2 2 : z 3 £
s 8 ~ = A = A =
X = = =
S =
=
KonTpons ++++ ++++ ++++ ++++ ++++ ++++

20 ++++ ++++ ++++ ++ ++++ ++++

50 e+t ++++ +++ + ++++ ++++

100 e+t ++++ +++ + ++++ +++

150 ++++ ++++ +++ + ++++ +

200 e+t ++++ +++ + +++ +

250 +++ ++++ +++ + o+ -

300 ++ +++ ++ + +++ -

350 ++ +++ ++ - +++ -

375 ++ +++ ++ - +++ -

500 ++ ++ + - ++ -

600 + - - - + -

700 + - - - - -

800 - - - - - -
[Ipumeuanue (31eck U ganee): *poct: ++++ — CIUIOWHON, +++ — Xopouui, ++ — yMepeHHbI, + —
cnabblil, - — OTCYTCTBYET; **nmUrmMeHToo0pazoBaHue: ++++ — HHTEHCUBHOE, +++ — Xopoluee, ++ —
yMepeHHoe, + — ciaboe, - — OTCYTCTBYET, = — HaOJIOMAOTCS MUTMEHTHBIE U OECIIMTMEHTHBIE

KOJIOHHH.

Karnonnast copOuust MOHOB IMHKA M KaJMHS MOXET COIPOBOXKIATHCS BBIXOJOM MOHOB KaJHsl ISt
ypaBHOBEIIMBAHUSI HOHHOTO OajlaHca B KJIETKE, 1€ MPOUCXOAUT CTEXMOMETPUUECKUN OOMEH HOHOB
kaamust 1 Kanus [15]. HanOombimii KOHIIEHTPAIMOHHBINA HHTEPBAT MEX/Ty YTPaTol pOCTa M CHHTE30M
IIUTMEHTA B IPHCYTCTBHH B CpeJie HOHOB ZN>* Gbin oTMedeH y mpoxokeii Rh. glutinis Y-1335 (momHas
yTpara mUrMeHTta Habmoaanack npu kouientpaun nuaka (1) #Ha 50 % Huke Tol KOHIICHTpAIWH,
KOTOpasi MOJIHOCTBI0 MHIMOUPOBAJIa XKHU3HEICATSILHOCTD Aposkkeit). Y apoxoken Rh. rubra RA-10
3TOT MHTepBai paBHsics 20 %. CHHTE3 MUTMeHTa MONHOCThIO OnokupoBaics y Rh. rubra RA-10
npu KoHueHTpauuu 200 mr/nm® wonoB Zn%', a poct moxasisics B mpucyrctsuu 300 Mr/ v’
nanHOrOo WoHa B cpexe. Jpoxoxku Rh. aurantiaca Y-1195 okaszamuch JT0CTaTOYHO CTOWKHMH IO
OTHOIIEHHIO K noHaM nuHKa. CuHTe3 nmurMenta y Rh. aurantiaca Y-1195 yactuyno GiokupoBaics
TOJNBKO IpH KOHUEeHTpanuu 600 mr/om° Zn?t (Ha yamkax pocid MOJIOYHbIE U OJEeIHO-PO30BBIE
KOJIOHHH).

ITpu 900 Mr/nv° rrHKa poct Rh. aurantiaca Y-1195 nmomHOCTbIO HHTHOHpPOBAJICS. 3aIePKKy POCTa
¥ MHTUOMPOBaHUE CHHTE3a MUTMEHTA, KaK OBUIO OTMEUYEHO BBIIIE, XOPOIIO IPOIEMOHCTPUPOBAIH
apoxoki Rh. glutinis Y-1335, npn kommenTpammsx 50-150 Mr/aM° [HMHKA pOCITH MHTMEHTHBIE H
OecTUTrMEeHTHBIC KOJIOHHH, a ¢ KoHleHTparuu 200 MF/I[M3 Zn?" Gb11 OTMeUeH c1abblil POCT TOJIBKO

MOJIOUHBIX KonoHuid. Konnenrtpamus 600 Mr/aM° LIMHKA BBI3HIBAIA OJIOKMPOBAHUE POCTA JAPOKKEH
Rh. glutinis Y-1335.
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Tabmma 2 — Biusane noHoB Zn?" Ha cHHTE3 MUTMEHTOB y aposxxeit Rh. rubra RA-10,
Rh. aurantiaca Y-1195 u Rh. glutinis Y-1335

. Rh. rubra RA-10 | Rh. aurantiaca Y- | Rh. glutinis Y-1335
= \E( 1195
+ =) =) =)
g & ~ = ~ = A~ =
2 = = =
=~
Konrtposb e+t ++++ ++++ ++++ ++++ ++++
50 +++ +++ ++++ ++++ ++++ +
100 +++ ++ ++++ ++++ +++ +
150 ++ + ++++ ++++ + +
200 + - ++++ ++++ + -
250 + - ++++ ++++ + -
300 - - ++++ ++++ + -
400 - - ++++ ++++ + -
600 - - ++ + - -
800 - - ++ + - -
900 - - - - - -

[Tonuas yrpata murmenTa y npoxokeit Rh. rubra RA-10, Rh. aurantiaca Y-1195, Rh. glutinis Y-
1335 nabmromanachk mpu KOHIEHTpAHUsIX HMOHOB kammus Ha 11,2, 75 u 62,5 % COOTBETCTBEHHO
HUKE TEeX KOHIIGHTpAIMi, KOTOPhIE TMOJHOCThIO WHTHOWMPOBATM pOCT apoxcked. Tak, mpu
koHueHTparmsx 300-700 mr/om® HoHOB KaaMus B cpexe v apoxokeii Rh. rubra RA-10 Ha6mrozaics
yMEpEeHHBI pocT U crnaboe murmeHroodOpazosanue. Kounentpamuu 800 u 900 mr/ov® Cd?*
BBI3BIBAJIN CJIA0BIA pOCT OecrUrMeHTHBIX KoJIoHWHU. [lomHOCThIO pocT mpekpamancs mpu 1050
MF/,Z[M3 KaaMus B cpene. Y gaposiokedn Rh. aurantiaca Y-1195 xopommit poct u crmaboe
NUrMeHTooOpa3oBaHue HaOJ01an0Cch Npu KoHueHTpauuu 100 MI/IM° HOHOB KaaMus, a npu 200
MI/IM° 1aHHOTO HOHA OBUI OTMEYCH XOpOILINil pOCT OECHUTMEHTHBIX KOJIOHUM, KOTOPBIN
MHTHOMpOBaJICcs B MpUCyTCTBUU B cpeae 900 mr/am° Cd?*. TlomoGHBIi pe3yabTaT ObLI HOJTyUYeH IpU
uccnenoBaHuu BiausiHUs nOHOB Kanamus (1) Ha pocT u cuHTe3 nmurmenrta apoxokedt Rh. glutinis Y-
1335. IIpn xonuentpamuu 200 MF/,ZIM3 Ha Yallkax BCTPEYAIMCh MOJIOYHBIE W OJIeHO-PO30BBIE
KOJIOHHH, a Ha49MHAas ¢ KOHIEeHTpauuy 300 Mr/aM° KagMus B Cpeie POCIH TONBKO GECIrMEHTHBIC
KOJIOHHH.

B ominune oT OMOTEXHOJOTMUECKUX IMPOU3BOJCTB, IIE€ CYIIECTBYET HEOOXOAMMOCTH BECOBOMU
OLICHKHM KOJMYECTBA CHUHTE3MPYEMOIr0 IHUIMEHTa, B OTPACIM OXPaHbl OKPYKAIOLIEH Cpeapl Npu
OLIEHKE BIUSHHS AHTPOIOTEHHBIX (PAKTOPOB HA MHMKPOOPTraHU3MBI-MHAWKATOPHl J1OCTaTOYHO
ObIBa€T NPOBECTH OTHOCUTEIBHOE OIICHHMBAaHME MHTEHCUBHOCTH NHIMEHTa MHKPOOpPTraHU3Ma,
KOTOPBIM TpeTepriesl BIUSHHE Takoro (akropa, K KOHTPOJBHOM KyJIbType M BBIPa3sUTh 3TO
OTHOIIICHHE B OOBEKTUBHBIX €IMHUIIAX.
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Tab6muua 3 — Bausuue wonos Cd’" Ha cuHTe3 NMTMEHTOB y npoxokein Rh. rubra RA-10,
Rh. aurantiaca Y-1195 u Rh. glutinis Y-1335

. Rh. rubra RA-10 | Rh. aurantiaca Y- | Rh. glutinis Y-1335
= \E( 1195
5 =
T : : :
5 3 5 : 5 : 5 :
g 3 ~ = ~ = A~ =
~ Z = = =
=
Konrtposn ++++ ++++ ++++ ++++ ++++ ++++
20 +++ +++ ++++ ++ ++++ +++
100 ++ ++ +++ + +++ +
200 ++ ++ +++ - ++ +
300 ++ + +++ - ++ -
500 ++ + ++ - + -
700 ++ + + - + -
800 + - + - + -
900 + - - - - -
1050 - - - - - -

[ToaToMy pa3HHUIly B MHTEHCHBHOCTH IIB€Ta MHUTMEHTa MBI ONPEENSIIH MEXKIYy KOHTPOJIbHBIMU
KyJIbTYpaMH JpPOXOKEH ¥ TEMH, KOTOpble HCHOBITAIM Biausaue 1M (IpuMep pacderoB
MIpeJICTaBICHHBIN B Ta0OIHIIE 4).

Yem Ooutbliie pa3HHIa MEKIy I[BeTOM nmurMeHTa (AE) B KOHTPOJIBHOM | HCCIIEAYEMOM 00pasiie, TeM
oounbiire 3HaueHue dE.

Tak, npy KoHieHTparmu 20 Mr/am° kagmust y apoxokeit Rh. glutinis Y-1335 Gbuto oTmedeHo
XOpollle MUTMEHTOOOpa30BaHUE, YAIKH C JAPOXIKEBHIMH KOJOHUSMU TMOYTH HE OTIUYAIUCH OT
KoHTpoJisi, modtomy JE paBusimace 9,5 eaunwui, npu KoHieHtpaiuu 300 MF/JIM3 KaJMUs POCIIH
TOJIEKO OECTIMIMEHTHBIE KOJIOHUH, cenoBaTeNbHo, dE cocrasuna 17,2 eIUHUIEL.

Takum o00pa3om, yTpaTa NUTMEHTCHHTE3UPYIOIIEH CcrmocoOHOCTH moj nerictBueM TM HocuT
YHUBEPCAIbHBIA XapakTep U SBISIETCS OTBETOM JPOXIKEBOM KJIETKH Ha JIEMCTBUE CTPECCOBOIO
(dakTopa. BaxHbIM OocTaeTcs M3ydeHHE BEPOSITHBIX MEXaHW3MOB 3allMTHI JPOXIKEBOW KJIETKH OT
«METAITTUYECKOTO» CTpecca.
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Tabnuua 4 — OueHka MHTEHCUBHOCTU I[BE€TA MUTMEHTA HAa KOHIICHTPALIMOHHBIN Psif cd* y
aposkkeit Rh. glutinis Y-1335

Kownuenrparus Cd*”, 3 CyTKH KyJIbTHBHPOBAHHUS
Mr/om° L a b dE
Kontpons 67 20 26
20 56 21 26 9,5+0,01
100 51 19 30 14,5+0,04
200 50 22 28 15,3+0,05
300 49 24 20 17,2+0,4
500 49 28 21 17,7+0,3
700 46 23 24 19,6+0,5
800 46 21 22 19,6+0,7

IMpumeuanue: L, a, b — mokasarenu kananoB 1setHoii momenu CIE Lab; dE — pasumma B
WHTEHCUBHOCTHU IIBETa MEXKIY KOHTPOJEM U OIBITOM, PACCUYUTAHHAS C TMOMOIIHIO KOMITBIOTEPHOM

nporpammbel CIEDE 2000.

B pemenun maHHOrO BOIpOCa O BO3MOXHBIX MEXaHW3MAax OJIOKMPOBAHMS CHHTE3a MUTMEHTA MBI
oOpaTuiu BHUMaHHE HA TO, YTO OJHHUM M3 MHIUKATOPOB pa3pylleHHsS MEMOPAHHBIX CTPYKTYpP MOJ
JEWCTBUEM CTPECCOBBIX (pakTOpoB siBisieTcsi oOpazoBanne M/IA B kierke (OM(yHKIMOHAIBHOTO
anp/Ierua, KOTopblii oOpasyer mugQoBble OCHOBAHHMS C aMHHOTPYIIIaMHU Oellka, BBICTYIAs Kak
CIIMBAIONINN areHT), KOTOPBIHA MOSIBIISICTCS B PE3YJIbTATE MEPEKUCHOTO OKUCIICHUS JIMITHIOB B CBS3H
C aKTUBaIMel cBOOOIHO-PaUKANbHBIX MpoleccoB. TakuM obpazom, MJIA sBisercs: nmokasarenem
OKHCIIUTEIHHBIX IPOIIECCOB, 00YCIOBICHHBIX CBOOOHBIMH PaIMKATIAMH.

B nanHO# pabote mpexactaBieHo, uto apoxokd Rh. aurantiaca Y-1195 naumHamu yTpauuBath
MUTMEHT MpH KOHLEeHTpauuu 50 mr/im° Men, a npu 350 MI/IM° 9TOrO HOHA B cpene CHHTE3
MUTMEHTa MOJHOCThIO OJOKHpOBajJci. DTO 3aWHTEPUCOBATIO HAC HCCIEA0BaTh YBEJIWYECHUE
KOHIIEHTpauuu M/IA B IpoxiKeBBIX KIIETKAX MPH YBEITMYEHUH KOHIICHTPAIUK MEIH, KaK OJTHOTO U3
HanOoJee BAXKHBIX OMOJIOTMYECKH aKTUBHBIX 3JIEMEHTOB (CM. puc. 1).

Komnmenrparprs MJA, HM/T

0 -

Konrpomns (Ge3 50
MeTamna)

(%]
n
[

KomrenTpargig moHos Cu?t, Mr/mv’

Pucynok 1 — Baustaue wonos meau (I1) Ha konmenTparuio MJIA B KIIeTKax APOKIKeH
Rh. aurantiaca Y-1195
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YcranoBiieHo, uto npu Koumentpausax meau (1) 50 u 350 Mr/m° komudectBo MJIA B KOHTpOJIE
(23,7+1,22 uam/r) u B ombitax (127,97+1,23 u 203,81£1,72 HM/T COOTBETCTBEHHO) JIOCTOBEPHO
oriryanock (p<0,05).

Tak, npu xoHuentpauu 350 MF/,Z[M3 meau MJIA Op10 B 8,6 pas Oosbliie, 4eM B KOHTPOJIC, a 3TO
MOJKET YKa3bIBaTh Ha TO, YTO OJHUM U3 BEPOSITHBIX MEXaHU3MOB OJIOKMPOBAHHS CHHTE3a TUTMEHTA
y IOpOXXKEH MOXKET OBITh IOPAKEHHE IUTMEHTCHHTE3UPYIONIMX YyYacTKOB Ha MeMOpaHax
CBOOOHBIMU paJKaIaMH.

Takum 00pazom, HCCIeIOBaHUs TOKA3AJIH, YTO C ONPEIEICHHOTO KOHIIEHTPAIIMOHHOTO ypoBHI TM
B cpene npoxoku poxa Rhodotorula pearmpoBanu 3anepikkoil pocta ¥ OJIOKMPOBaHHEM CHHTE3a
MUTMEHTa, TP OSTOM MbI HAOMIOAANM OONBIIOW KOHIEHTPAIIMOHHBIH WHTEPBAL MEKIY
OJIOKHPOBAaHWEM pOCTa W WHTHOMpOBaHWEM cuHTe3a murmeHTta (ot 11,2 mo 75 %). Dro nemaer
BO3MOXKHBIM TIPOJIOJDKUTH MCCICIOBAHUS C IENIbI0 UCIOJB30BaHus Jpoxokeld poxa Rhodotorula B
OMOWHIMKAITMOHHBIX UCCIICIOBAHMSIX.

BbIBO/IbI

1. UccnenoBanus mokasaiu, uto apoxoku Rhodotorula rubra RA-10, Rh. aurantiaca Y-1195 u Rh.
glutinis Y-1335 pearupoBaiud Ha MPHUCYTCTBHE OMPEACICHHBIX KOHIICHTPAIMA METAUIOB B Cpele
yTpaTOil MUTMEHTA U UHTHOUPOBAHUEM POCTA.

2. Hambomnee Tokcuueckoe JAeHCTBHME Ha CHHTE3 murmMenra y aposokeir Rh. rubra RA-10 okaszan
Zn**, a y Rh. aurantiaca Y-1195 — Cd®** (murmenrtooGpasoBaHne GIOKHPOBAIOCH IIPU
koHUeHTpauuu 200 Mr/iM° HOHOB IMHKA M KaJMHS COOTBETCTBEHHO), UHrHOMpYyrommii 3pdexT Ha
CHHTE3 MUrMenTa y aposiokeii Rh. glutinis Y-1335 okasamu worsr Zn”" n Cu?* (cHHTE3 KapoTHHOMIOB
6noxupoBacs npu koHenTpauuu 200 u 250 MI/7IM® LAHKA ¥ MeJTH COOTBETCTBEHHO).

3. HOKaSaHO, 4TO0O OAHMM M3 BCPOATHBIX MCXAaHU3MOB 6J'IOKI/IpOBaHI/I$[ CHHTC3a IMUIMCHTOB Y
,Z[pO)K)KCfI MOXET OBITh MNOpaKCHHUC MNHUIMCHTCUHTC3UPYIOIHUX YY4CTKOB Ha MeM6paHaX
CB060)IHI>IMI/I pagvukaiIaMu, O 4YEM CBUACTCIILCTBYCT MOABJICHUC MAJIOHOBOT'O AXAJIBACTUAA B KIICTKEC.

4. HOJ'Iy‘ICHHI)IC PE3YyIbTaThl ACIAOT BO3MOKHBIM PEKOMCHIAOBATL APOKKH pOaa Rhodotorula JUIA
HCIIOJIBb30BaHHUA B 6I/IOI/IHI[I/IKaHI/IOHHI>IX HCCICOOBAaHUAX.
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