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MEChanisMs of ChroMatE dEtoxifiCation 
in yEasts

The main pathway of Cr(VI) (hexavalent chromium) detoxification in microor-
ganisms involves its reduction to Cr(III). Characteristics of chromate reduction in 
yeasts (isolation, purification and characterization of Cr(III)-biochelated complexes 
from the culture medium) and the non-enzymatic processes responsible for efficient 
detoxification of chromate are described. The yeast saccharomyces cerevisiae was 
shown to be able to reduce chromate extra-cellularly by the formation of at least 
two types of stable Cr(III)-biochelated complexes. selenite-resistant mutants of 
Phaffia rhodozyma were studied with respect to their ability to reduce Cr(VI). 
The cells of selenite-resistant mutant sit11 which show strong sensitivity toward 
Cr(VI), generated an increasing pool of a very toxic radical Cr(V). The role of 
some extracellular agents such as sulfate and riboflavin in Cr(VI) detoxification 
in the flavin-overproducing yeast Pichia guilliermondii was also investigated. Our 
data on modulation of chromate toxicity by riboflavin provide some evidence for 
the involvement of riboflavin (or its derivatives) in chromate detoxification. The 
identification of the extracellular chromate-reducing compounds and elucidation of 
their role in detoxification of chromate will promote the application of the studied 
yeast cells for Cr(VI) bioremediation and its transformation to Cr(III) bio-complexes 
with potential pharmaceutical and nutritional importance.
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Chromium in trace amounts is beneficial to humans, animals, plants and mi-
croorganisms; it is an element essential for glucose and fat metabolism, stabiliza-
tion of the tertiary structure of proteins and nucleic acids [3, 15]. However, at high 
concentrations it is extremely toxic, mutagenic and carcinogenic, especially in its 
oxidized hexavalent form Cr(VI). The adverse health effects and diverse cellular and 
molecular reactions make the research on chromium toxicology and metabolism to be 
very crucial in terms of both environmental protection and clinical medicine. Parallel 
studies have been performed at molecular and cellular levels using yeasts, mammalian 
cells and transgenic mice. however the detailed mechanisms of the cell-chromium 
interactions are yet to be revealed. 
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Yeasts which proved to be effective in accumulation of chromium ions and were 
able to bioconvert them into stable, much less toxic and bioavailable forms, might be 
applied in the management of chromium-containing wastes, as well as in efforts to 
produce chromium-enriched biomass, containing biostabilized and nontoxic Cr species 
for balanced nutrition of mammals and humans [5]. The dual role of chromium in the 
cell metabolism implies the presence of effective mechanisms for controlling its entry 
into the cells, accumulation and detoxification. Yeast tolerance to Cr(VI) as well as 
chromium accumulation inside yeast cells were shown to be dependent on treatment 
time, metal concentration, biomass density and phase of growth [8, 9, 15]. 

The main pathway of Cr(VI) detoxification in microorganisms, and particularly in 
bacteria, involves its reduction to Cr(III) [5, 15]. In yeast, the role of chromate reduc-
tion to mitigate the toxicity of Cr(VI) is still open for discussion. It was suggested 
that the principal reason of the yeast resistance to chromium was a low ability to its 
absorption [4, 15]. However, for the chromate-resistant strains of Candida maltosa 
a NAD-dependent chromate reducing activity was observed [14]. Recently we have 
found that some reducing substances, secreted extracellularly by yeast played a 
significant role in Cr(VI)-detoxification [10, 11]. As a product of chromate reduction, 
trivalent Cr(III) formed complexes with some specific components of culture liquid 
which were not adsorbed by the cells. Besides, chromate-resistant mutants of this 
yeast that exhibited the increased chromate-reducing ability have been selected [2]. 
At the same time, the rate of chromate reduction did not correlate with chromium 
accumulation in the cells. 

In this article, we present data on chromate reduction in several yeast species 
including isolation, purification and characterization of Cr(III)-biochelated complexes 
from the culture liquid. We also describe non-enzymatic processes responsible for 
efficient detoxification of chromate.

Materials and methods
In this work we have used the following yeast strains: 1) Pichia guilliermondii 

ATCC 201911 (L2) (MAT-hisX-17) (MAT is a mating type locus, his – a locus defining 
histidine biosynthesis); 2) an industrial strain “Effect” of the yeast saccharomyces 
cerevisiae; 3) Phaffia rhodozyma NRRL Y-10921 as well as its selenite-resistant 
mutants selected by our team.

The yeast cells were cultivated at 30 °C (for P. rhodozyma – at 22 °C) in Er-
lenmeyer flasks on a circular shaker (200 rpm) in Burkholder’s medium with the 
addition of 0.1% yeast extract (a semi-rich medium) or 0.2% yeast extract +0.2% 
peptone (a rich medium). Cr(VI) was added to the medium as potassium chromate. 
Liquid media were inoculated with the cells from the early stationary growth phase 
in concentration of 5 mg d.w.cells/l. Yeast biomass was determined turbidimetrically 
at 600 nm (OD600) using gravimetrical calibration. The determination of total chro-
mium content in the cells was performed using either atomic absorption spectrometer 
AAS-3 (Carl Zeiss, Germany). Cells for analyses were prepared using acid-hydrogen 
peroxide mineralization as described earlier [7]. The assay of residual Cr(VI) concen-
tration in media was carried out using diphenylcarbazide method [12]. The content 
of the trivalent chromium was determined by the reaction with Chromazurol S [7]. 
The presented quantitative data are average values resulting from 2–3 independent 
experiments. All analytical measurements were performed in 3 duplicates. 
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results and discussion
The cells of baker’s yeast were shown to be capable of reducing chromate extra-

cellularly and to form at least two types of stable Cr(III)-biochelated complexes. Such 
Cr(III)-complexes, isolated from a cultural liquid of s. cerevisiae industrial strain ”Ef-
fect” grown for 3 days in the presence of 1 mM chromate, were characterized with 
respect to their molecular weight. Cr(III)–containing compounds were concentrated 
by freezing-thawing processes and supplied on a column with a molecular sieve 
Toyopearl hW-40 (80 x 1.4 cm) calibrated by a set of low molecular markers. Two 
Cr(III)-complexes were isolated differed in molecular weights (M

I = 440±40 and MII 

= 380±30 Da). For preparative isolation of Cr(III)-biochelates we used ion-exchange 
chromatography for fractionation of the concentrated extra-cellular liquid from 
chromate-supplemented culture of s. cerevisiae. It was shown that Cr(III)-biochelates 
could be separated into at least two components on anion-exchanging resin Dowex 
1x10 (14 x 2 cm). Both Cr(III)-complexes have a total negative charge. Absorption 
peaks were observed for Cr(III)-complex I at 572–574 nm and for Cr(III)-complex 
II – at 579–581 nm (Fig. 1). 

Fig.1. Absorbance spectra of Cr(III)-biocomplexes isolated from a cultural liquid 
of s. cerevisiae

The selenite-resistant mutants of carotene-synthesizing yeast P. rhodozyma, iso-
lated by us previously [13] have been studied regarding their ability to reduce Cr(VI) 
and to produce astaxantin. The obtained results suggest that although the pathways 
of detoxification of chromate and selenite by P. rhodozyma were different, one com-
mon reductive type involved in transformation of these compounds was observed. 
The EPR spectrometry was employed to follow the reduction of chromate applied to 
cell cultures. It was shown for the case of the selenite-resistant mutant sit11 which 
simultaneously revealed sensitivity to chromate, that this phenotype was accompanied 
with the increasing pool of the very toxic intermediate, free radical Cr(V) (g=1.98) 
generated in extra-cellular medium of the culture (Fig. 2). In contrast to the wild-type 
strain characterized by a relatively constant Cr(V) pool as observed in medium during 
incubation with chromate, the chromate-sensitive mutant sit11 (Fig. 2B) generated 
gradually increasing pool of Cr(V) species.
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Fig. 2. EPR-spectra of Cr(V) (g=1.98) in cultural liquid of P. rhodozyma 
incubated with 1 mM chromate (10 min, 1 and 2 hours)

A – parental (“wild type”) strain as a control; B – mutant sit11. The EPR measurements 
were performed on the x-band spectrometer RADIOPAN using liquid nitrogen cooling 

system.

The role of some extracellular agents such as sulfate, iron (II), riboflavin, cysteine 
in Cr(VI) detoxification in flavin-overproducing yeast P. guilliermondii was inves-
tigated. The presence of sulfate, a typical media constituent, had a strong negative 
effect on Cr-bioaccumulation. Under conditions of sulfate deprivation, the cellular 
chromium content was approximately 20 times higher as compared to the cells grown 
in sulfur-sufficient media. The flavinogenic yeast P. guilliermondii responded to 
Cr(VI) by stimulation of riboflavin (RF) biosynthesis [6]. We hypothesized that the 
extensive flavinogenesis was a response to Cr(VI) treatment and that it served as a 
mechanism leading to higher yeast survival under chromate-induced stress. Neverthe-
less the sensitivity of the studied yeast strains to Cr(VI) did not correlate with the 
level of flavinogenic activity (data not shown). however when Cr(VI) was added to 
the cultures that actively synthesized RF the growth inhibition was suppressed. In 
order to determine the possible role of exogenous RF in diminishing the inhibitory 
effect of Cr(III) and Cr(VI) on the culture cell growth, P. guilliermondii flavinogenic 
strains UKD-66 and UKD 1453, unable to oversynthesize of RF in the media supple-
mented with chromate, were used. The yeast growth in the presence of 200 mg/ml 
RF was investigated and the cellular content of Cr and flavins was monitored. The 
incubation of biomass (2 OD600/ml) with chromium and RF was performed during 
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18 h. In all the cases, the sensitivity of the cells to chromium depended strongly 
upon presence of exogenous RF. The treatment of the cells with Cr(VI) (0.6 mM) in 
medium supplemented with RF resulted in an increase of biomass and flavin content 
(Table), although the addition of RF did not cause any significant changes of cellular 
Cr content. 

It was shown earlier [1] that RF could decrease the nephrotoxic effect of chromate 
in young and adult rats. Our data on RF protection of P. guilliermondii cells against 
chromium toxicity, for the first time it was provided the evidence on RF involvement 
in chromium detoxification.

Table 
Effect of exogenous RF (200 mg/ml) on the growth, chromium and flavin content 
in P. guilliermondii cells of the strains UKD-66 and 1453 during incubation with 

chromate (0.6 mM)

strains

Biomass, 
mg/ml

flavins in the cells, 
µmol/g d.w.

Chromium content in the cells, 
mg/g d.w.

-rf +rf -rf +rf -rf +rf

UKD-66 2.16 3.91 43.5 168.3 1.8 1.3

UKD-1453 1.03 3.12 44.2 212.1 1.24 0.8

Identification of the extracellular chromate-reducing compounds and elucidation 
of their role in detoxification of chromate will promote the application of yeast for 
chromate bioremediation and its transformation to Cr(III) bio-complexes with potential 
pharmaceutical and nutritional importance.
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N N304 326136.
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ÌÅÕàÍèЗÌЫ äÅÒÎÊсèÊàÖèè ÕÐÎÌàÒà у äÐÎЖЖÅé

Реферат

Îñíîâíыì пóòåì äåòîêñèêàöèè Cr(VI) ó ìèêðîîðгàíèзìîâ ÿâëÿåòñÿ åгî âîññòà-
íîâëåíèå ê Cr(III). Пðèâåäåíы äàííыå î ðåäóêöèè хðîìàòà (âыäåëåíèå, î÷èñòêà è 
хàðàêòåðèñòèêà Cr(III)-бèîхåëàòèðóющèх êîìпëåêñîâ èз êóëüòóðàëüíîé жèäêîñòè), 
à òàêжå îпèñàíы íåфåðìåíòàòèâíыå пðîöåññы, îбåñпå÷èâàющèå эффåêòèâíóю äå-
òîêñèêàöèю хðîìàòà. Дðîжжè saccharomyces cerevisiae ñпîñîбíы ê âíåêëåòî÷íîìó 
âîññòàíîâëåíèю хðîìàòà ñ îбðàзîâàíèåì, пî êðàéíåé ìåðå, äâóх òèпîâ ñòàбèëüíых 
Cr(III)-бèîхåëàòèðóющèх êîìпëåêñîâ. иññëåäîâàíà ñпîñîбíîñòü ê âîññòàíîâëåíèю 
Cr(VI) ñåëåíèòðåзèñòåíòíых ìóòàíòîâ äðîжжåé Phaffia rhodozyma. Пîêàзàíî, ÷òî 
êëåòêè ñåëåíèòðåзèñòåíòíîгî ìóòàíòà sit11, îбëàäàющèå пîâышåííîé ÷óâñòâèòå-
ëüíîñòüю ê Cr(VI), пðè èíêóбàöèè ñ хðîìàòîì îбðàзóюò ñòàбèëüíыé пóë î÷åíü 
òîêñè÷íîгî ðàäèêàëà Cr(V). иññëåäîâàíà ðîëü íåêîòîðых âíåêëåòî÷íых àгåíòîâ, 
â ÷àñòíîñòè ñóëüфàòà è ðèбîфëàâèíà, â äåòîêñèêàöèè Cr(VI) ó äðîжжåé Pichia 
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guilliermondii, ñпîñîбíых ê ñâåðхñèíòåзó ðèбîфëàâèíà. Пðèâåäåííыå äàííыå î 
âëèÿíèè ðèбîфëàâèíà íà èзìåíåíèå òîêñè÷íîñòè хðîìàòà ñâèäåòåëüñòâóюò îб ó÷à-
ñòèè ðèбîфëàâèíà (èëè åгî пðîèзâîäíых) â äåòîêñèêàöèè хðîìàòà. иäåíòèфèêàöèÿ 
âíåêëåòî÷íых хðîìàòðåäóöèðóющèх âåщåñòâ è âыÿñíåíèå èх ðîëè â äåòîêñèêàöèè 
хðîìàòà ñâèäåòåëüñòâóюò î âîзìîжíîñòè èñпîëüзîâàíèÿ äðîжжåâèх êëåòîê äëÿ 
бèîðåìåäèàöèè хðîìàòà, à òàêжå пðåâðàщåíèè åгî â Cr(III)-бèîêîìпëåêñы, èìåющèå 
фàðìàöåâòè÷åñêîå è êîðìîâîå зíà÷åíèå.

К ë ю ÷ å â ы å  ñ ë î â à: хðîìàò, äðîжжè, äåòîêñèêàöèÿ, Cr(III)-бèîêîìп-
ëåêñы, ðèбîфëàâèí.
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ÌÅÕàÍ²ЗÌè äÅÒÎÊсèÊàÖ²ї ÕÐÎÌàÒу у äÐ²ЖäЖ²â

Реферат

Îñíîâíèì шëÿхîì äåòîêñèêàö³ї Cr(VI) ó ì³êðîîðгàí³зì³â є éîгî â³äíîâëåííÿ 
äî Cr(III). Пðåäñòàâëåíî äàí³ з ðåäóêö³ї хðîìàòó (âèä³ëåííÿ, î÷èщåííÿ ³ хàðàê-
òåðèñòèêà Cr(III)-б³îхåëàòóю÷èх êîìпëåêñ³â з êóëüòóðàëüíîї ð³äèíè) òà îпèñàíî 
íåфåðìåíòàòèâí³ пðîöåñè, щî зàбåзпå÷óюòü åфåêòèâíó äåòîêñèêàö³ю хðîìàòó. 
Дð³жäж³ saccharomyces cerevisiae зäàòí³ äî пîзàêë³òèííîгî â³äíîâëåííÿ хðîìàòó 
з óòâîðåííÿì щîíàéìåíшå äâîх òèп³â ñòàб³ëüíèх Cr(III)-б³îхåëàòóю÷èх êîìпëåêñ³â. 
Âèâ÷åíî зäàòí³ñòü ñåëåí³ò-ðåзèñòåíòíèх ìóòàíò³â äð³жäж³â Phaffia rhodozyma äî 
â³äíîâëåííÿ Cr(VI). Пîêàзàíî, щî êë³òèíè ñåëåí³òðåзèñòåíòíîгî ìóòàíòà sit11, ÿê³ 
âîëîä³юòü п³äâèщåíîю ÷óòëèâ³ñòю äî Cr(VI), пðè ³íêóбàö³ї з хðîìàòîì óòâîðююòü 
ñòàб³ëüíèé пóë äóжå òîêñè÷íîгî ðàäèêàëó Cr(V). Дîñë³äжåíî ðîëü äåÿêèх пîзàêë³-
òèííèх àгåíò³â, зîêðåìà ñóëüфàòó ³ ðèбîфëàâ³íó, ó äåòîêñèêàö³ї Cr(VI) ó äð³жäж³â 
Pichia guilliermondii, зäàòíèх äî íàäñèíòåзó ðèбîфëàâ³íó. Нàâåäåí³ äàí³ пðî âпëèâ 
ðèбîфëàâ³íó íà зì³íó òîêñè÷íîñò³ хðîìàòó câ³ä÷àòü пðî ó÷àñòü ðèбîфëàâ³íó (àбî 
éîгî пîх³äíèх) ó äåòîêñèêàö³ї хðîìàòó. Iäåíòèф³êàö³ÿ пîзàêë³òèííèх хðîìàòâ³äíîâ-
ëюâàëüíèх ñпîëóê òà з’ÿñóâàííÿ їх ðîë³ â äåòîêñèêàö³ї хðîìàòó ñâ³ä÷àòü пðî ìîж-
ëèâ³ñòü âèêîðèñòàííÿ êë³òèí äð³жäж³â äëÿ б³îðåìåä³àö³ї хðîìàòó òà пåðåòâîðåíí³ 
éîгî â Cr(III)-б³îêîìпëåêñè, щî ìàюòü фàðìàöåâòè÷íå òà êîðìîâå зíà÷åííÿ.

К ë ю ÷ î â ³  ñ ë î â à: хðîìàò, äð³жäж³, äåòîêñèêàö³ÿ, Cr(III)-б³îêîìпëåêñè, 
ðèбîфëàâ³í.




