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INFLUENCE OF HEAVY METALS ON THE PIGMENT SYNTHESIZING
ACTIVITY OF THE YEASTS RHODOTORULA GLUTINIS 1333
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Influence of heavy metals (Cu®, zZn®*, Ni**, Cd**, AI**, Cr®") on the pigment synthesizing yeasts
Rhodotorula glutinis 1333 has been studied. It was ascertained, that under the influence of the certain
heavy metals ions concentrations yeasts may lose pigment synthesizing ability when growing in the solid
nutrient medium (Sabouraud). It has emerged that the most toxic heavy metals for yeasts Rh. glutinis
1333 is Cr®* (pigment genesis was blocked under the concentration of 10 mg/I chrome ions). The yeasts
have turned out to be solid in regard to the aluminium ions (I11) (only under the concentration of 400 mg/I
the pigment synthesis was blocked). Yeasts ability to lose pigment under different heavy metals
concentrations may be used in the bioindication researches.
Key words: pigment synthesizing yeast, ions of heavy metals, growth.

BIIJIUB BA’KKUX METAJIIB HA HNITMEHTOCHUHTE3YBAJIbBHY AKTUBHICTb APIZKIKIB
RHODOTORULA GLUTINIS 1333

Kpyneii K.C., Punvcokuii O.®., Ilnomuixosa K.O.
3anopizvkuii HayioHanbHUll yHigepcumem
69600, Vkpaina, 3anopiococs, syn. JKykoscvkoeo 66
krupeyznu@gmail.com

BuBueHnii BIUIMB BaKKUX METAIB (Cu2+, Zn2+, Ni2+, Cd2+, A|3+, Cr6+) Ha TITMEHTOCHHTE3YBaIIbHI
apikaki Rhodotorula glutinis 1333. BeranoBieHo, o Mmij [i€l0 MEBHUX KOHIEHTPAIi 10HIB BaXKHX
METaJlB y APIKIDKIB CITIOCTEPIra€ThCsl BTpaTa MIrMEHTOCHHTE3YBAIBHOI 3IATHOCTI IIPH POCTI HA TBEPAOMY
noskuBHOMY cepenonui (Cabypo). Hailbinbin TOKCHYHAM BaXXKUM MeTanom juts apibxmkis Rh. glutinis
1333 BusBuBcs Cr°" (mirMeHTOyTBOpeHHs OIOKyBajocs NMpH KOHIEHTpamii 10 Mr/n ioHis xpomy).
CrifikumMu TpiXIKI BUSBIINCS BITHOCHO 10 ioHIB amoMiHiio (III) (Timeku mpu xonnentpamii 400 mr/x
OJIOKYBaBCSl CHHTE3 MITMEHTY). 3AaTHICTh APLKJUKIB 0 BTPATH MITMEHTY HPHU PI3HUX KOHIEHTPAIifx
Ba)KKHMX METaliB MOke OyTH BUKOpPHUCTaHa B O101HAIKAIIIMHNX JOCHTIKEHHSX.
Knrouogi crosa: niemenmocunmesyanvHi OpidicOici, IOHU 8AACKUX MEMAi8, picm.

BJIMAHUE TAXEJBIX METAJIJIOB HA IUTMEHTCUHTE3UPYIOIIYIO AKTUBHOCTD
JIPOKKEN RHODOTORULA GLUTINIS 1333

Kpyneii K.C., Poinvckuii A.@., [Inomnuxosa E.O.
3anopooicckull HaYUOHANbHYLLL YHUGEPCUMem
69600, Vkpauna, 3anopoacee, yr. XKykosckozo 66
krupeyznu@gmail.com

Usydeno Bimsaue Tsokenbix Meramwtos (Cu®', Zn?*, Ni*, Cd**, AI**, Cr®") na murmenrtcunTesnpyomme
npoxoku Rhodotorula glutinis 1333. YcranosieHo, 4To moji AeCTBHEM ONPEICICHHBIX KOHIIEHTPAIIU
HOHOB TSDKEIBIX METAJIOB Y IPOXOKEH HAOMI0AaeTes yTpaTa MMIMEHTCHHTE3UPYIOLIEH CIOCOOHOCTH MPU
pocre Ha TBepAoil muratensHOi cpexe (Cadypo). Hambosee TOKCHUHBIM TSDKEIBIM METAJIOM ISt
aposkokeit Rh. glutinis 1333 okasancs Cr®* (nmurmenToo6pasoBaHie G10KHPOBAIOCH TPH KOHIEHTPALIH
10 mr/im noHOB xpoma). CTOWKAMEU IPOXKIKU OKA3aIUCh 110 OTHOIICHUIO K noHaM aimromuHus (I11) (Tompko
npu koHueHntpauun 400 Mr/1 OGnokupoBancs cuHTe3 HHUrMeHTa). CHocoOHOCTh IPOXOIKEH K ImoTepe
[UTMEHTa TPH  Pa3HbIX KOHIEHTpAIMAX THKEJIbIX METaJUIOB MOXKET OBbITh HCIOJIb30BaHA B
OMOMH/IMKAIIMOHHBIX UCCIIEI0BAHUSIX.
Kntouegvie crosa: nuemenmcunmesupyowue Opo#CHcU, UOHbL MANCEbIX MEMANios, pOCci.
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INTRODUCTION

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 [1, 2]. Main sources of HM,
polluting environment, are metallurgy and galvanic shops of the industrial enterprises [3]. 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 [4].
So, the usage of the pigment synthesizing bacteria as bioindicators is a new and promising
tendency [5]. Visual observation of the change of the pigment brightness under the influence of
HM may serve as objective bioindicator of the environment pollution [6]. 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 [7]. One of the richest in quality
composition carotenoids are the yeasts Rhodotorula glutinis, which are able to synthesize
phytoene, neurosporene, y-carotene, p- carotene, &-carotene and torulene [8, 9]. It is colour
saturation and stability of pigment data that determined the object of our research: to
study the HM influence on the carotinoid synthesis of the yeasts Rh. glutinis 1333.

Thus, the aim of our study was to investigate the influence of heavy metals on the carotinoid
synthesis of the yeasts Rh. glutinis 1333.

MATERIALS AND METHODS OF RESEARCH

The object of the research was pigment synthesizing yeasts Rh. glutinis 1333, which D.K.
Zabolotny Institute of the microbiology and virology of National Academy of Sciences of
Ukraine kindly gave us.

Solid nutrient medium Sabouraud was prepared on the base of the water with certain HM salt
concentrations (CuCl,-2H,0, ZnSO47H,0, CdCl,, Ni(NOs3),'6H,0, AICI36H,0, K,Cr,0y).
Thus, water model solutions contained such HM ions as Cu?*, zn*, Cd**, Ni**, AI**, Cr®*,
Nutrient medium Sabouraud without metals was used as a control. When Sabouraud set congeal,
18-days culture Rh. glutinis 1333 was seeded by solid lawn on it (0,2 ml per one Petri dish).
Suspension density was 10’/ml [10]. 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 [11].

RESULTS AND THEIR DISCUSSION

The results of the research showed that the yeasts Rh. glutinis 1333 react on certain metal
concentrations’ presence in the medium by the loss of pigment and by the growth delay (tables
1-6).

Found that between the total pigment synthesis inhibition and lack of growth there is a certain
concentration range, which makes possible to use Rh. glutinis 1333 yeast for bioindication
researches of pollution with heavy metals.

bBionozciuni nayku
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The influence of the ions Cu®* on the pigment synthesis of the yeasts Rh. glutinis 1333 was
remarked with the concentration of 200-300 mg/I, under which the growth of the small milky
and big pale rosy colonies is observed during 9 days.

Under 350 mg/l concentration of the ions of the copper (11) on the 3" day pigment-free colonies
grew, and on the 6" and 9" day the poorly pigmented colonies appeared.

Table 1 — The influence of the ions Cu?* on the pigment synthesizing ability of the yeasts
Rh. glutinis 1333

lons concentration, 3% day 6™ day 9™ day
Cu?*, mg/l
Growth* Pigment** Growth Pigment Growth Pigment

Control 44+ ++++ ++++ ++++ ++++ ++++
100 +++ ++++ ++++ ++++ ++++ ++++
200 ++ + ++ + ++ +
300 + + + + + I
350 + - + + + +
400 - - + - + +
425 - - + - + -
450 - - - - - -

Remarks (here and further): *growth: ++++ — confluent, +++ — good, ++ — moderate, + — weak, - — absent;

**pigment genesis: ++++ — intensive, +++ — good, ++ — moderate, + — weak, - — absent, + — pigment and pigment-
free colonies are observed.

Copper concentration of 400 mg/l provoked weak growth of pigment-free colonies, on the 6™
day, and on the 9" day the pale rosy colonies appeared. Under the concentration of 425 mg/I
Cu?" on the 6™ and 9™ day only the pigment-free colonies grew, and under 450 mg/l of the
copper growth wasn’t observed during 9 days.

Table 2 — The influence of the ions Zn** on the pigment synthesizing ability of the yeasts
Rh. glutinis 1333

lons concentration 37 day 6™ day 9™ day
Zn*, mg/l
Growth Pigment Growth Pigment Growth Pigment
Control 4+ 4 4+ 4+ 4 4
50 +++ ++ ++ ++ 4 ++
70 ++ + e+ ++ 4 ++
100 + + ++ + ++ +
150 + + + + + +
175 - - + - + -
200 - - - - - -

As we can see 50 and 70 mg/l concentrations of the zinc ions (Il) provoked weak and moderate
pigment genesis of the yeasts Rh. glutinis 1333. Under 100-150 mg/I Zn®* concentrations over
9 days milky and pale rosy colonies grew. 175 mg/l concentration of the zinc ions in the medium
provoked appearance of the pigment-free colonies on the 6™ and 9™ day. Under 200 mg/l Zn**
concentration the growth wasn’t observed.
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Table 3 — The influence of the ions Cd** on the pigment synthesizing ability of the yeasts

Rh. glutinis 1333

lons concentration 3% day 6" day 9" day
Cd*", mg/l Growth | Pigment | Growth | Pigment | Growth | Pigment
Control ot ++++ ottt ottt ottt +4++
20 +++ ++ ot ++ ot ot
50 ++ ++ ot ++ T T
100 ++ + ++ + ++ +
200 ++ - ++ + ++ +
400 - ++ + ++ +
550 + - + + ++ +
750 + - + + + +
900 - - - - + i
1000 - - - - -

The influence of the cadmium ions (1) on the pigment synthesis of Rh. glutinis 1333 was
remarked with 20-50 mg/l concentration (moderate pigment genesis was observed). Under 100
mg/l concentration colonies were milky and pale rosy. 200-750 mg/l concentrations provoked
appearance of the pigment-free colonies on the 3" day, but on the 6™ and 9™ day pale rosy
colonies were also observed. Under 900 mg/l concentration there was a weak growth of pigment-
free colonies on the 6" and 9™ day, and under 1000 mg/l there wasn’t growth during 9 days.
Thus, on the 3" day of the cultivation absolute loss of pigment was observed under the
concentration of Cd®* that is by 734% lower than the concentration under which absolute
blocking of the vital functions of the yeasts cells was observed.

Table 4 — The influence of the ions Ni’* on the pigment synthesizing ability of the yeasts
Rh. glutinis 1333

lons concentration 3% day 6" day 9" day
Ni**, mg/l : : :
Growth Pigment Growth Pigment Growth Pigment
Control ++++ ++++ ++++ ++++ ++++ ++++

25 +++ + +++ + +++ +

50 ++ + ++ + +++ +

75 + - + + + +
125 - - + - +

150

Under 20-50 mg/l concentrations of the ions of nickel (1) the growth of the pigment colonies
and pigment-free colonies was observed during 9 days. 75 mg/l Ni®* concentration provoked
appearance of the pigment-free colonies on the 3™ day, and on the 6™ and 9™ day pale rosy
colonies were also observed. Under 125 ml/g concentration of the nickel ions the colonies were
pigment-free, and under the concentration of 150 mg/I there wasn’t growth for 9 days.
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Table 5 — The influence of the ions AI** on the pigment synthesizing ability of the yeasts

Rh. glutinis 1333

lons cosljcentration 3% day 6" day 9™ day
Al wr/a Growth Pigment Growth Pigment Growth Pigment

Control 44+ ++++ ++++ ++++ ++++ ++++
100 ++++ + ++++ ++++ ++++ ++++
200 +++ + ++++ ++++ ++++ ++++
300 ++ + +++ ++++ ++++ ++++
400 - ++ +++ +++ ++++
450 - ++ ++ +++ ++++
500 - + + ++ ++
600 - - - - + -
700 - - - - - -

Research showed that under the influence of the ions of aluminium (I11) growth of pigment
colonies and pigment-free colonies (under 100-300 mg/l concentration) and milky colonies
(under 400-500 mg/l concentration) was observed on the 3" day, but on the 6™ and 9™ day the
culture Rh. glutinis 1333 restored the ability to synthesize the pigment to the rosy color.
Pigment-free colonies appeared on the *" day of the cultivation under 600 mg/l concentration of
aluminium and under 700 mg/l growth wasn’t observed at all. Thus, on the 3" day of cultivation
absolute loss of pigment was observed under the concentration of AI** that was by 20% lower
than the concentration under which absolute blocking of the growth of Rh. glutinis 1333 was
observed.

It was found that the most toxic HM for the yeasts Rh. glutinis 1333 is chromium (VI). It is
known that Cr®* is more toxic than Cr®". Under the concentration of 10 mg/I Cr®" on the 3" day
the weak growth of the pigment-free colonies is observed, but on the 6™ and 9™ day pale rosy
colonies appeared too.

Under the concentrations of 15-30 mg/I of the chromium ions on the 6™ day of the cultivation the
pigment-free colonies grew, and under 40-60 mg/l they appeared only on the 9" day of the
cultivation. Under the concentration of 70 mg/l Cr®* growth was absolutely inhibited.

Table 6 — The influence of the ions Cr®* on the pigment synthesizing ability of the yeasts
Rh. glutinis 1333

lons concentration 3% day 6" day 9" day
cr®*, mg/l . . .
Growth Pigment Growth Pigment Growth Pigment
Control ++++ ++++ ++++ ++++ ++++ ++++

10 + - ++ + +++ +
15 - - ++ - +++

20 - - ++ - +++ -
30 - - + - +++ -
40 - - - - ++ -
60 - - - - + -
70 - - - - - -

The results of the calculation of the difference in pigment genesis intensity between control and
experiment showed that with the increase of the HM ions concentration in the nutrient medium it
grows (tables 7 —12).
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Table 7 — The estimation of the pigment

Rh. glutinis 1333

color intensity on the concentration row Cu®" in

Metal 3% day 6™ day 9™ day
concentration,
mg/l L | a b dE L | a b dE L | a b dE
Control 66 | 22 | 31 42 | 29 | 32 42 | 31 | 33

100 60 | 23 | 28 5,5+0,02 46 | 21 | 22 6,1+0.4 38|22 | 22 6,3+0,8
200 50 | 22 | 35 14,9+0,05 | 56 | 18 | 28 15,1+£0,6 24 | 15 | 24 | 16,6+0,9
300 49 | 24 | 30 15,6+0,9 57 | 20 | 24 15,7+0,08 22 | 20 | 26 16,7+1,1
350 48 | 24 | 20 18,0£1,2 55 | 12 | 30 16,7+1,1 21|26 | 25 16,9+0,7
400 - - - - 58 | 13 | 24 18,3+1,2 23 | 15 | 22 17,2+1,2
425 - - - - 59 |14 | 31 18,8+0,8 16 | 21 | 27 | 20,4+1,1

Remark (here and further): L, a, b — indexes of the color model channels CIE Lab; dE — difference of the color
intensity between control and experiment, calculated by means of computer program CIEDE 2000.

Table 8 — The estimation of the pigment color intensity on the concentration row
Zn** in Rh. glutinis 1333

Metal 37 day 6" day 9™ day
concentration,
mg/| Ljaje® dE L& b dE Lla|b dE
Control 66 | 23 | 33 42 | 30 | 32 42 | 31 | 33

50 55| 25 | 24 11,2+0,7 | 54 | 23 | 24 12,5+0,4 55 |1 25| 24 13,5+0,4
70 48 | 19 | 30 16,7£0,9 | 55 | 25 | 30 13,1£0,09 56 | 28 | 30 14,0+0,6
100 50 | 25 | 26 15,2+0,4 55 | 17 | 20 14,7+1,1 58 | 26 | 22 16,8+1,1
150 51| 24 | 20 15,6£1,0 | 56 | 18 | 22 15,3+0,3 59 | 24 | 25 17,4+1,2
175 - - - - 59 | 12 | 30 20,4+0,7 61 | 23 | 26 19,3+0,9

Table 9 — The estimation of the pigment

Rh. glutinis 1333

color intensity on the concentration row Ni** in

Metal 3¢ day 6" day 9" day
concentration, L . b L a b L a b
mg/I dE dE dE
Control 67 | 23 | 33 42 132 | 32 42 | 29 | 32
25 51 | 25 | 26 15,0£0,7 | 58 | 28 | 25 16,3+0,3 57 | 28 | 23 15,7+0,1
50 50 | 18 | 25 15,7+1,1 54 | 12 | 30 17,0+1,1 58 | 28 | 30 16,0+1,1
75 50 | 22 | 28 15,5+£0,5 | 58 | 18 | 26 17,5£0,9 | 57 | 18 | 20 16,3+0,9
125 - - - - 57 | 10 | 29 | 202+1,2 | 60 | 25 | 21 18,7+0,8

Table 10 — The estimation of the pigment

Rh. glutinis 1333

color intensity on the concentration row Cd** in

Metal 3% day 6™ day 9™ day
concentration,
mg/l L | a b dE L | a b dE L | a b dE
Control 67 | 22 | 33 42 | 30 | 33 41 | 31 | 30

20 55 | 23 | 26 11,2+0,9 54 | 20 | 26 12,8+0,4 48 | 21 | 22 | 8,2+0,09
50 53 | 19 | 30 12,4+0,7 53 | 16 | 20 13,2+0,9 47 | 17 | 25 9,2+0,8
100 51 | 22 | 28 14,5+1,1 54 | 13 | 27 15,3+0,06 57 | 28 | 23 16,3£0,5
200 50 | 24 | 20 17,3£1,2 56 | 21 | 20 15,3+1,1 56 | 18 | 30 16,9+1,1
400 49 | 22 | 21 17,6+0,05 57 | 23 | 22 15,8+0,08 57 1 19 | 23 17,0+0,5
550 48 | 25 | 24 18,4+0,8 58 | 20 | 26 16,7+1,1 58 | 28 | 30 17,0+1,1
750 47 | 21 | 22 19,3+1,1 58 | 23 | 20 17,1+0,5 56 | 15 | 26 17,4+0,5
900 - - - - 61 | 20 | 24 19,5+0,2 61 | 24 | 28 20,2+1,2
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Table 11 — The estimation of the pigment color intensity on the concentration row AI** in
Rh. glutinis 1333

Metal 3% day 6" day 9" day
concentration,
mg/l L | a b dE L | a b dE L | a b dE
Control 67 | 24 | 32 40 | 28 | 30 40 | 31 | 31

100 50 | 22 | 28 15,4+0,04 41 | 22 | 25 | 3,1+0,03 43 | 23 | 26 4,6+0,4
200 49 | 23 | 25 16,7+0,2 40 | 24 | 22 | 3,8+0,09 | 44 | 21 | 25 6,0+0,03
300 48 | 24 | 27| 175511 |42 21| 23| 4206 | 43|18 |24 7009
400 49 | 20 | 21 17,1£0,9 49 | 23 | 24 9,0+0,7 45 | 20 | 27 7,2+0,5
450 50 | 28 | 20 17,5+0,08 52 120 | 21 12,5+0,9 | 45 | 20 | 28 7,4+0,4
500 49 | 28 | 21 18,1+0,5 56 | 22 | 26 16,0+0,1 53119 | 22 13,9+1,0
600 - - - - - - - - 59 | 24 | 28 19,3+1,1

Table 12 — The estimation of the pigment color intensity on the concentration row Cr®* in
Rh. glutinis 1333

Metal 3% day 6" day 9" day
concentration,
mg/l L|a]b dE L|a]|b dE L|a]|b dE
Control 67 | 23 | 31 42 | 28 | 32 42 | 32 | 34

10 48 | 22 | 25 17,6+1,1 57 | 21 | 22 15,7+0,9 57 | 19 | 22 16,4+0,9
15 - - - - 59 | 20 | 25 17,5+1,1 58 | 21 | 24 16,9+0,07
20 - - - - 59 | 24 | 22 17,6+0,7 59 | 23 | 26 17,5+1,1
30 - - - - 58 | 15 | 30 17,8+0,8 58 | 15 | 29 18,5+0,5
40 - - - - - |- - - 61 | 20 | 24 19,6+1,2
60 A - -] - 62 |18 | 23 | 209+13

So, intensive pigment genesis of Rh. glutinis 1333 was remarked on the 3" day of the cultivation
in the presence in the medium of 100 mg/I of the copper ions and on the 6™ and 9" day under
100-450 mg/1 of aluminium that corresponds to the indexes of dE from 3, 1+0, 03 to 7, 4+0, 4. It
should be noticed, that the yeasts are able to restore completely the ability to synthesis
carotinoids on the 9™ day of cultivation in the presence in the medium of up to 450 mg/l of the
aluminum ions (111). The difference of the color intensity of the pigment-free colonies under the
influence of HM varied from 17,1+0,5 to 20,9+1,3. The most long term inhibit effect on the
pigment synthesis had cadmium ions (11), on the 3 day of the cultivation under 200-750 mg/I
concentration dE was within the limits 17,3+0,2 — 19,3+1,1. dE of the pigment-free colonies also
varied under the influence of chrome (VI) from 17,5+1,1 to 20,9+1,3.

Thus, the research has shown that the yeasts Rh. glutinis 1333 are able to react on the HM
presence in the nutria medium by the blocking of the pigment synthesis and by the growth
inhibiting from certain concentration levels, because of that further research of the pigment
synthesizing yeasts with the purpose of its recommendation for research in the field of the
environment pollution by HM turns out to be interesting.

CONCLUSIONS

1. The research has shown that yeasts Rh. glutinis 1333 react on the certain metal
concentrations presence in the medium by pigment loss and by growth inhibiting.

2. Ithas emerged that the most toxic HM for yeasts Rh. glutinis 1333 is Cr®* (pigment genesis
was blocked under the concentration of 10 mg/l chrome ions), the yeasts have turned out to
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10.

11.

be solid in regard to the aluminium ions (I11) (only under the concentration of 400 mg/I the
pigment synthesis was blocked).

Obtained results make it possible to recommend the yeasts Rh. glutinis 1333 for the usage
in the bioindication research of the degree of environment pollution by HM.
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