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Y poboTi HaBexeHi NaHI Mpo BIUIMB aHIOHIB COJIEH IUHKY Ta MiJli Ha CHHTE3 IITMEHTY B JIPIKIKIB
Rhodotorula aurantiaca 1193 ta Rh. glutinis 1335. BctanoBieHo, 10 BTpaTta 3MaTHOCTI J0 YTBOPCHHS
MIrMEHTY Ta MosiBa OE3MIrMEHTHUX KOJIOHIM y NOCHIZKyBaHMX LITaMiB JPDKIKIB CHOCTepiranacs mpu
KoHIeHTpanisx Ha 14,3-58,4 % Hwxve piBHA THX KOHIEHTpaliil aHIOHIB coJied MeTaliB, 3a SKUX
BiOyBaJoCsi TMOBHE OJIOKYBaHHS pPOCTY ApLKIKOBUX KIITHH. Cynb(ar IUHKY BHUSBUBCS OLIbLI
TOKCHYHUM, HiXK Cyiabdat Miai sk 1ist apix/mpkie Rh. aurantiaca 1193, tak i s Rh. glutinis 1335. TIpore
XJIOpHU]l IIMHKY, HABIIAKW, MPOSBHB MCHII TOKCHYHY [if0 B MOPIBHSHHI 3 XJIOPHUIOM Mini Ha oOuaBa
mwramu ApixmkiB. dpixmwki Rh. glutinis 1335 usiBuiucst Habarato CTIMKIMIMMHU BiJHOCHO BCiX aHiIOHIB
coleil IMHKY Ta Miji B MOpiBHAHHI 3 apixxamu Rh. aurantiaca 1193.
Kouosi crosa: anionu, yuuk, miov, nieMeHmoCcuHme3y8anbHi OpisHcoxci, KapomuHoiou.
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B pabGore mpexncraBieHbl AaHHBIE O BIMSHMM aHHOHOB COJEH IMHKA M MEOM Ha CHHTE3 NHIMEHTA y
nposxokeit Rhodotorula aurantiaca 1193 u Rh. glutinis 1335. YcranoBieHo, 4To morepst ClioCOOHOCTH K
00pa30BaHNIO MUTMEHTa W IOSIBIIEHHE OECHUTMEHTHBIX KOJIOHWH y HCCIely eMBIX IITaMMOB IPOXKKEH
Habmofanach NMpU KOHLEHTpanusx Ha 14,3-58,4 % Hwke ypoBHS TeX KOHIEHTpalHWi aHHOHOB cOJIeH
METaJUIOB, TPH KOTOPBHIX NPOHUCXOAMIIO MOJHOE OJOKMPOBAHME pPOCTa APOXKEBBIX KieToK. Cynbdar
[MHKa OKa3ayicsi 00JeM TOKCHYHBIM, ueM Cyiabdar Meau kak ais aposkxked Rh. aurantiaca 1193, tak u
ams Rh. glutinis 1335, Xmopun nusaka, H2060pOT, MPOSIBUI MEHEEe TOKCHYECKOE IEHCTBHE TI0 CPABHEHUIO
¢ XJIOpHJIOM MeId Ha 00a mramma aposxokei. Jpoxoku Rh. glutinis 1335 okasanuce Gosee CTOMKUME
OTHOCHTEJIBHO BCEX aHMOHOB COJIEH IIMHKA U MEJIH [0 CPaBHEHUIO ¢ apoxokamu Rh. aurantiaca 1193.
Kniouegvie crnosa: anuonbvl, yuHk, Meob, NUSMEHMCUHMEIUPYouue OpoAICHCU, KapOMUHOUObL.

INFLUENCE OF ANIONS OF SALTS OF ZINC AND COPPER ON THE PIGMENT SYNTHESIZING
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As is known, exceeding of the heavy metals (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. 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. 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.
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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 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.

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.

Thus, researches of the bacteria that we carried out aroused our interest to the research of the HM, anions
of salts of zinc and copper in particular, 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. One of the
richest in quality composition carotenoids are the yeasts Rhodotorula glutinis and Rh. aurantiaca, which
are able to synthesize phytoene, neurosporene, y-carotene, B-carotene, &-carotene and torulene. It is
colour saturation and stability of pigment data that determined the object of our research: to study the
anions of salts of zinc and copper influence on the carotinoid synthesis of the yeasts Rh. glutinis 1335
and Rh. aurantiaca 1193.

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

Solid nutrient medium Sabouraud was prepared on the base of the water with certain heavy metals salt
concentrations ZnS0O,4 7H,0, ZnCl,, Zn(CH;C0O0),-2H,0, CuSO,'5H,0, CuCl,2H,0. Nutrient medium
Sabouraud without metals was used as a control. When Sabouraud set congeal, 18-days culture Rh.
glutinis 1335 and Rh. aurantiaca 1193 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 during 9 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 of the color model channels
(Lab), and then the difference of the pigment color intensity was calculated in the program CIEDE 2000.

The research has shown that Rh. glutinis 1335 and Rh. aurantiaca 1195 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 14,3-58,4 % lower
than the concentrations under which absolute blocking of the growth of yeasts was observed.
The sulfate of zinc appeared more toxic, than sulfate of copper as for yeasts of Rh. aurantiaca 1193, so
for Rh. glutinis 1335. The chloride of zinc, vice versa, showed a less toxic action as compared to the
chloride of copper on both strains of yeasts. Yeasts of Rh. glutinis 1335 appeared more proof in relation
to all anions of salts of zinc and copper as compared to yeasts of Rh. aurantiaca 1193.
Obtained results make it possible to recommend the yeasts Rh. glutinis 1335 and Rh. aurantiaca 1195 for
the usage in the bioindication research of the environment pollution by HM.

Key words: anions, zinc, copper, pigment synthesizing yeasts, carotenoids.

BCTYII

Jis ioHiB Bakkux MeTaiiB (BM) Ha KIITHHH MIKpOOPTaHi3MiB 3aJI€KUTh BiJl CKJIaly CepeIOBHUIIA Ta
npupoau BianmoBimHux cojed. lomm BM 3patHi 3B’s3yBaTucs 3 OlIKaMH, HYKJICOTHIAMH,
KopepmenTamu, ocdomimiamu, noppipuHamMu, ToOTO MPAKTUUHO 31 BCiMa KJ1acaMH PEYOBHH, AKi
O0epyTh y4acTh y MeTaboumi3Mi KiaiTuHU. CydacHi JaHi TOBOPATH PO T€, IO B TOKCHYHIHN i coei
METaJliB OCHOBHE 3HAUEHHS HAJIECKUTh CAMOMY MeTany — KaTioHy. KUCIOTHHMI paawkan Moxe
3MIHIOBATH Il e(eKT y He3HaYHOMY CTYyIeH1 (4epe3 3MiHy pPO3UYMHHOCTI a00 CTYIIHb JMCOIIAIil
coJii). BijbIn MOBHO JHCOIIIOIOTH COJII OJIHOBAJCHTHUX KaTIOHIB 1 aHIOHIB, CJIAOKIIe — COJIi, SIKi
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YTBOpEHI BOBAJCHTHUMHU MeTanamu Ta aHioHamu [1]. [Ipore mocmimkeHHs, TpOBEACHI HAMU Ha
OakTepisix, MoKa3aay, 10 He TUTHPKK KaTIOH METally, ajie¢ i aHIOHHA YaCTUHA COJIl BiIrpae 3Ha4yHy
poib y TOKCHYHIN nii [2]. YV monepenHix podoTax HaMu OYJI0 BCTAHOBJICHO, IO JIPIXKIXKOB1 KITITHHA
BTpaYyaroTh 3/IaTHICTh CHHTE3yBaTH MIITMEHT 13 MEBHOTIO KOHIIEHTpaliiHOro piBHa BM, mpuyomy
MK OJIOKyBaHHSIM CHHTE3y MIrMEHTY Ta IHTIOyBaHHSIM pPOCTY TMPOCTEXKYETbCS TEBHUN
KOHIIEHTpaliiauii iHTepBast [3, 4]. OTpumaHi pe3ynbTaTH  CHOHYKAJW HAc MPOJAOBXKHUTH
JOCHIKeHHSI 1 BUBUYMTH TAaKOX BIUIUB aHIOHIB COJIEH OJHOTO 1 TOTO X METally Ta MPOBECTH
MOPIBHSJILHUN aHAI3 MO0 BIUIMBY JACIKUX aHIOHIB HA CHHTE3 MITMEHTY B JIPIKIKOBUX KIIITHHAX.
Brpara mirmMeHTy KIITHHAMH APLKIDKIB € J00pe CHOCTEpeKyBaHOIO O3HAKOK, BHACIHIIOK YOrO
KapOTHHOCUHTE3YBaJIbHI JPKIDKI MOXHAa PEKOMEHJyBaTH sK OloiHIWKATOpH 3a0pyIHEHHS
noBkiuist BM. Takum yMHOM, METOI0 pOOOTH OYIIO AOCHIJUTH BILUIUB aHIOHIB COJICH IIUHKY Ta MiJli
Ha CHHTE3 KapOTHHOIIIB y ApixmkiB poay Rhodotorula.

MATEPIAJIM TA METOIHU JOCILIKEHHSA

OO6’ekTOM JOCIIKEHHST OyJM KapOTHHOCHHTE3yBabHi aApixkmki Rhodotorula aurantiaca 1193 Ta
Rh. glutinis 1335, 06’1300 HajaHi HaM i3 KOJIEKLIT My3eHHHUX KyJIbTyp [HCTUTYTOM MikpoOioiorii
1 Bipycomorii iM. J[.K. 3a6onotHoro HAH VYkpainu.

Coui, siki BUKOpucTOBYBaiu B pociigax: ZnSO4 7H,0, ZnCl,, Zn(CH3C0O0), 2H,0, CuSO4-5H,0,
CUC|2'2H20.

Teepne noxuBHe cepenouiie CaOypo roryBajii Ha OCHOBI BOJIW 3 TEBHUM BMicTOM coiieii BM.
Kontponem ciyrysano noxusHe cepenonuiine Cadypo 6e3 merais. [licis 3acTuranHs cepeioBuINa
Ha HBOTO CYIUIBHUM Ta30HOM 3aciBanmu 18-roamHHI KosekuidHi KynpTypu. LinpHICT KITHH
cranosmia 107/mi [5]. [uxyOyBaHHS MPOBOAMIIM B TepMOCTaTi mpu temieparypi 27-28°C. O6mik
pe3ynbTaTiB mpoBOoaMIM Ha 3 100y KynbTuBYBaHHS. CIOCTEepirayii Bi3yallbHO, TOPIBHIOKOYH
JOCTIIHI 3pa3Ku 3 KOHTpoJieM. J{J1s po3paxyHKy pi3HHMII B IHTEHCUBHOCTI KOJIBOPY MIX JOCHITHUMU
1 KOHTPOJIBHUMU 3pa3kamu yamku [leTpi 3 aphKIHKOBUMH KOJOHISIMU (oTorpadyBaiiv, po3MImiaiu
dotorpadii B komm'totepHy mnporpamy Adobe Photoshop, Bu3Havanmu mnoka3HHKHM KaHamiB
konmpopoBoi Mmogneni  (Lab), morim y mporpami CIEDE 2000 po3paxoByBajiu pi3HUIIO B
IHTEHCUBHOCTI KOJIbOPY HITMEHTY [6].

PE3VJIBTATH TA IX OGTOBOPEHHSI

Sk Bimomo, apixmki poay Rhodotorula BimpisusiroTbest 6araTum SIKiCHUM CKJIa0M KapOTHHOIIIB.
Tak, Rh. aurantiaca 3natHa cunTe3yBatu Y- i B-kapotunu, a Rh. glutinis, kpimM 3a3HadeHHX BHIIE
KapOTUHOI/IB, MPOAYKYe TakoX ¢iToiH, ¢(itodroiH, &-KapoTUH, HEHpPOCIOpUH, TOPYIIH 1
TopyaapouH [7, 8]. Brpara 31aTHOCTI 10 yTBOPEHHS MrMEHTY Ta MOsIBa OC3MIrMEHTHUX KOJIOHIHN Y
JOCHIJKYBAaHUX INTaMiB JIPDKIKIB CrOcTepiraigacsd Mpu KoHHeHTpauisx Ha 14,3-58,4 % Hiokue
piBHA TUX KOHIIEHTpaliil BM, 3a sikux BinOyBanocs noBHe OJIOKYBaHHS POCTY APIKIPKOBUX KIIITHH.
Tak, ma Rh. aurantiaca 1193, y Bumaaky 3 cyiab(aroM, XJIOPHIOM i alleTaToM IIHHKY IS Pi3HHLSA
nopiHioBana 33,4, 20 Ta 50 % BiAMOBIIHO, a 3 CYIB(ATOM 1 XJIOpHIAOM Mifi gocsraina mo 50 %.

[ToBHa Brpara mirmenty B Rh. glutinis 1335 cnocrepiranacs npu konunentpamisx ZnSO4 7H,0 Ta
Zn(CH3CO0),'2H,0 Ha 50 i 44,5 % BIiAMOBIAHO HMXKYI 3a THX KOHICHTpAIH, SIKI TMOBHICTIO
OnokyBanu KUTTEMSUTBHICTD ApixmKiB. J{inst CuSO4-5H,0 Ta CuCly2H,0 11s pisHuIsg cTaHoBMIIA
14,3 ta 58,4 % BianoBigHo. JloCHiKEHHS NOKa3aliH, L0 Cyab(haT LUHKY BHUSBUBCA OUIBII
TOKCHYHUM, HIK cyiabdaT Miai sk st Apikmkie Rh. aurantiaca 1193, tak 1 mis Rh. glutinis 1335.
[Ipore x7mopua UMHKY, HaBIAaKH, MPOSBUB MEHII TOKCUYHY /0 B MOPIBHSAHHI 3 XJOPUAOM Mijl Ha
obuBa mramu ApikKiB (Tadn. 1-2 Ta puc. 1).

Bimomo, 1m0 xJopua-i0HW 3/1aTHI aKTUBYBATH €Ki (PEPMEHTH, TUM CaMHUM BOHH BiIIrparoTh
BaXJIUBY 010JI0T1UHY posib. BoHM 3a0e3meuyroTh 10HHI MOTOKU Yepe3 KIITHHHI MeMOpaHH Ta 6epyTh
y4acTh y MiATPUMaHHI OCMOTHYHOTO romeocrtasy [9]. Lle MoXe MOsSICHIOBATH MEHINY TOKCHYHICTD
XJIOPU/IiB IMHKY, HIJK 1HIIUX aHIOHIB BITHOCHO MIrMEHTOCHHTE3YBAJIbHOI 31aTHOCTI IPIXKIKIB.

bionoziuni nayku
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Puc. 1 BrumB aHiOHIB coJjielt MiJi Ha CHHTE3 IMrMEHTY B APDKIKIB (3 100a KyJIbTUBYBaHHS): a —
BB CuCl,-2H,0 (100, 200 ta 300 mr/m) ma Rh. aurantiaca 1193; 6 — s CuSO4-5H,0 (100,
200, 250 Ta 300 mr/im) va Rh. aurantiaca 1193; 8 — BB CuCl, 2H,0 (100, 200, 250, 300 Ta 450
mr/i) Ha Rh. glutinis 1335; r — BB CuSO,4'5H,0 (900 mr/m) va Rh. glutinis 1335.

Tabnuus 1 — Brutus aHioHiB coseil IIMHKY Ha cMHTE3 mirMenTy Rh. aurantiaca 1193

Cirtb KOHueHTpauisﬂ Zn2+, 3 no0a KynbTUBYBaHHS
MI/IM Pict* [lirmenT**
50 +++ +
100 + -
ZnSO4'7HQO 150 + }
200 - -
50 ++++ +
100 ++ +
ZnCl, 200 + -
250 + -
300 -
50 +++ +
Zn(CH,CO0),2H,0 o o _
300 - -
[Mpumitka Tyt Ta gami: *picr: ++++ — cynumeHMH, +++ — noOpuit, ++ — nomipHMH, + — cIaOKuH, - — BIICYTHIH;
**[IIrMEHTOYTBOPEHHs: ++++ — IHTEHCUBHE, +++ — 100pe, ++ — nomipHe, + — cinadke, - — BiICYTHE, + — HasBHICTb

IMIrMEHTHHUX Ta O€3IMIrMEHTHUX KOJIOHIH.

[3 migBUIIICHHSM KOHIICHTPAIIM aHIOHIB IIMHKY B CEPEOBHII 3pOCTajia Pi3HUIA B IHTEHCUBHOCTI
MIrMEHTOYTBOPEHHS Mk KOHTpoJieM Ta nociigom (dE) y Rh. aurantiaca 1193 (ta6a. 3).
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JlocnmipkeHHsT oKas3anu, 1mo Jias apbkmkiB Rh. aurantiaca 1193 cepen conei MHKY HaiOUIBII
TOKCHYHHUM BUSBHBCS CylbdaT IUHKY (1pu KoHueHtparii 100 mMr/m 10HIB IMHKY CrHOCTepiraBcs
cnabkuit pict 6e30apBHUX KoOJOHI), dE ckianana 20,8 oqunui. [Ipu Tiil ke KOHIEHTpAILliT aleTaTy
UHKY OYB BiMiueHH 10Opuii picT Ge3mirMenTHHX KoJoHii (JE mopiBHroBana 20,3 oguHUIL).

Xyopua LMHKY BHSBUBCS Yy 2 pa3d MEHII TOKCHMYHMM Juis ApibkmkiB Rh. aurantiaca 1193 y
MOPIBHSAHHI 3 IHIMUMHU aHiOHaMU (MIPUCYTHICTh MOTO B CEPEIOBHIII MOYMHANIA 1HTIOYBaTH CHHTE3
nmirMenTy npu kKouuentpauii 200 mr/n Zn®*), dE cranosma 18,8 ommuLi.

Tabnuus 2 — Briue aHioHiB colieil nuHKY Ha cuHTe3 mirMenTy Rh. glutinis 1335

) KonnenTpartis Zn2+, 3 moba KyJTbTHBYBaHHS
Cuib 3 - -
MI/IM Pict Ilirment
50 +4+++ +
100 +++ +
) 150 + +
ZnS0O, 7H,0 200 + _
400 + -
500 - -
200 +4+++ ++++
400 +++ +
ZnCIZ 600 + _
700 - -
100 +++ +
400 +++ +
Zn(CH5CO0),2H,0 i o ]
900 + -
1100 - -

Jus ppisxmkiB Rh. glutinis 1335 ZnSO4 7H,0 BUsSBUBCS TaK0X OiIbII TOKCHYHUM JIJISI CHHTE3Y
KapOTUHOIIB, HK XJOpHJ Ta auerar uuHKy (y 3 1 2,5 pa3y BianoBigHo). IlirMeHTOyTBOpEeHHs
omokyBasiocst nipu kKoHueHtpauiax 200, 600 1 500 mr/a cynedary, XJopuAy Ta anerary LUHKY
BIMOBIAHO.

Tabnuns 3 — OuiHKa IHTEHCUBHOCTI KOJIbOPIB MITMEHTIB Ha KOHUEHTPAUIWHUN psJl aHIOHIB coJiel
UHKY B apixkiB Rh. aurantiaca 1193

Cins Konmnenrpariis Zn2+, 3 mo0a KyJTbTHBYBaHHS
Mr/am° L a b dE
Kontponb 38 25 34 -

50 53 10 28 17,0£0,7
ZnSO, TH0 100 51 3 40 20,8+0,5
150 51 4 39 20,0+0,2
50 50 8 25 15,3£0,6
ZnCl, 100 52 9 28 16,6+0,4
200 51 5 35 18,8+0,9
250 49 2 39 20,1+0,7
50 53 14 38 16,6+0,8
Zn(CH3C00);,'2H,0 100 53 6 39 20,3+1,0
200 49 4 44 19,7+0,5

IMpumitka: L, a, b — mokasuuku kanamis xkonsoposoi momerni CIE Lab; dE — pisHui B iHTEHCHBHOCTI KONBOPY MiX
KOHTPOJIEM 1 JIOCIIIIOM, PO3paxoBaHa 3a JI0IoMoror koMt rorepHoi nporpamu CIEDE 2000.

[Tpu 100 mr/n xymopuy Miji cnocTepiraBcst MoMipHHHN picT Oe3nmirMmeHTHHX KoJioHii Rh. aurantiaca
1193, mpoTe mpu Tii ke KOHIEHTpallii cyabdary miai OyB BiIMIY€HUH CYHNUIBHHUMA PICT POIKEBHUX
konoHii. Cunre3 mirmenty B Rh. aurantiaca 1193 inriOyBaBcs mpu koHueHtpaiii 200 wmr/ma
CuS0O4'5H,0.
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223

Hyxe criiikumu  apikmki  Rh.  glutinis 1335 BusiBHiIMCS  BigHOCHO 110 cynibdary  Miji.
KaporunoyrBopenust 6moxyBanocs npu koHuentpaiiii 1200 mr/n CuSQO4-5H,0. Xmopun miai 6yB
MEHIII TOKCUYHUM Y 4,8 pa3iB (CHHTE3 MIrMeHTY OJI0OKYBaBCsl B IPUCYTHOCTI B cepenoBuii 250 mr/n
CUC|22H20)

Omxe, apikmki Rh. glutinis 1335 BusiBiucs HabaraTo CTIMKIMIMMH BiJIHOCHO BCIX aHIOHIB IIMHKY
ta Mmigi, Hibxk Rh. aurantiaca 1193. MosknuBo, 1i¢ 1oB’s3aH0 3 TuM, 1o Apibkmwki  Rh. glutinis
CHHTE3YIOTh OUIBII MIMPOKHIA CIEKTp KapoOTHHOIIIB y mopiBHsHHI 3 Rh. aurantiaca, siki craroTsb
«IaCTKaMH» TOTOKY BUIBHHMX pPagUKaiB TpU ypakeHHI kiithiHn BM. Takum uyuHOM, BTpara
3ATHOCTI O CHHTE3Y MIrMEHTIB y APLKIDKIB CHOHYKAE HAC MPOJOBXKYBATH JOCHIHKEHHS 3 METOIO
MOJAJIBIIOTO  3aCTOCYBAaHHS  MITMEHTOCHHTE3YBAJIBHHMX  JPDKIKIB Yy  OlOIHIMKAIIHUX
JOCTIKEHHSIX.

BUCHOBKH

1. BcranoBieHo, 10 BTpaTa 3JaTHOCTI IO YTBOPEHHS MIrMEHTY Ta MosiBa 0€3MIrMeHTHUX KOJIOHIH y
apixmkie Rh. aurantiaca 1193 i Rh. glutinis 1335 cmocrepiranacst mpu KOHIEHTpalisx Ha 14,3-
58,4 % wmmwk4e piBHA TUX KOHIEHTpamiii BM, 3a sxux BimOyBamocsi moBHE OJOKYBaHHS pPOCTY
TPIKIDKOBUX KITITHH.

2. Cynphar UWMHKY BHUSBHBCS OUIBII TOKCHYHUM, HDK cynbdar Mimi sIK Ui JPLKIDKIB
Rh. aurantiaca 1193, tak i mis Rh. glutinis 1335. TIpoTte XJ0pua IIMHKY, HaBIAKH, MPOSBUB MEHII
TOKCHYHY JII0 y TOPIBHSHHI 3 XJOPUIOM MiAi Ha OOWABAa MITaMU APDKIDKIB. XJIOPHI ITHHKY
BUSIBUBCS B 2 pa3u MEHII TOKCHYHMM Juis apikmkiB Rh. aurantiaca 1193 y mopiBHSHHI 3 iHIIUME
aHioHaMH (TMPUCYTHICTh HMOTO y CEepeAOBHINI TOYHMHANA IHTiOyBaTH CHHTE3 WITMEHTY IIpH
koHrenrpamii 200 mr/i Zn2+), ais Rh. glutinis 1335 ZnCl, Takosx nmposiBUB HAMEHII TOKCUYHY IO
(MIrMeHTOyTBOPEHHS OJIOKYBAJIOCS TUTBKK MpH KoHLEHTpaii 600 Mr/i i0HIB IUHKY).

3. Hpixmki Rh. glutinis 1335 BusBuIncs Ol CTIHKAMH BiTHOCHO BCiX aHIOHIB COJICH IMHKY Ta
MiJli B OpiBHSHHI 3 Apikmkamu Rh. aurantiaca 1193.
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