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Aim. The yeast P. rhodozyma is a perspective microbial producer of carotenoid pigment astaxanthin with a
high antioxidant power. The aim of the work was to study the ability of the selenite-resistant strains of this
yeast to reduce chrome(VI) compounds, as well as to analyze the relations between synthesis of carotenoids,
resistance to selenite and chromate-reducing activity of P. rhodozyma. Methods. The yeast cells were
grown at standard conditions for this species. The residual chromate content in cultural liquid was
determined colorimetrically using diphenylcarbazide. The carotenoid content was determined after
extraction of the pigments from the previously permeabilized cells by organic solvents. Results. The
selected selenite-resistant mutants of the yeast P. rhodozyma revealed the different combinations of the
phenotypes related with tolerance/sensitivity to chromate and selenite, as well as ability to reduce
chromate. Conclusions. The obtained results give reasons for suggesting that pathways of detoxification of
chromate and selenite by the yeast P. rhodozyma are different, although run through a common reductive
type. The isolated mutant strains would be served as the useful models to study relations between
homeostasis of Se and Cr oxyanions and biosynthesis of carotenes.
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Introduction. Due to wide industrial application and
distinguishing oxidizing abilities, chromium(VI)
compounds are considered to be dangerous
environment pollutants. Chromates (CrO,”) and
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bichromates (Cr,0,”) are water soluble and capable of
penetrating biological membranes. In microorganisms,
in the yeasts in particular, this process is mediated by
sulphate transporters, the products of SUL/I and SUL2
genes [1], which is the basis for selection of mutants



REDUCTION OF CHROMATE AND CAROTENE-SYNTHESIZING ACTIVITY OF SELENITE-RESISTANT MUTANTS OF THE YEAST

impaired in sulphate transportation related to chromate
resistance [2]. After penetrating a cell, Cr(VI)
compounds react with intercellular proteins, nucleic
acids, and other cell components, causing mutagenic
and carcinogenic effects [3, 4].

Living cells are capable of intracellular reduction of
Cr(VI) to Cr(II). This process is related to detoxifica-
tion, as it was shown that Cr(Ill) compounds are
100-fold less toxic for bacteria and fungi compared to
Cr(VI) compounds. Intracellular reduction may take
place via non-enzymatic and enzymatic pathways.
Ascorbic acid, glutathione, and cysteine are efficient
reducers of Cr(VI) to Cr(IIl) at physiological condi-
tions. The mechanisms of enzymatic reduction of
chromates are well studied in bacteria and may function
both at aerobic and anaerobic conditions. For instance,
Cr(VI)-resistant strains of Enterobacter cloacae reduce
chromates in anaerobic conditions, using Cr(VI) as
electron acceptors. In bacteria, causing aerobic
chromate reduction (Pseudomonas, Aeromonas, etc.),
this  process is catalyzed by NADH-and
NADP(H)-dependent reductases [5, 6].

As for eukaryotic microorganisms, yeasts in partic-
ular, it is yet to be determined which reduction system —
either enzymatic/non-enzymatic one or
intra-/extracellular one — plays a decisive role in
chromate-detoxification processes. Besides, there are
no data on the ability of biotechnologycally promising
yeast  Xanthophyllomyces dendrorhous (Phaffia
rhodozyma) to detoxicate and remediate chromates.
Astaxanthin, the main carotenoid pigment, synthesized
by the mentioned yeast, is notable for its powerful anti-
oxidant activity that is 500 times higher than that of
a-tocopherol, which is the highest among all the known
carotenoids [7-9]. Due to this fact the yeast X.
dendrorhous is considered to be a promising source in
production of pharmacological preparations for cancer
prevention, improvement of immune response, and
protection from the activity of free radicals.

At the same time, considerable differences in re-
dox-potentials of astaxanthin (E’ = 0.75 V) and
chromate (E’ = 1.33 V) [10, 11] allow the assumption
on increased activity of carotene-synthesizing yeast X.
dendrorhous related to chromate reduction. In order to
increase reduction detoxification potential of
astaxanthin-synthesizing yeast we performed a selec-

tion of mutants of the yeast P. rhodozyma, resistant to
selenite [12].

The aim of this work was the investigation on re-
duction features of selenite-resistant strains of caro-
tene-synthesizing yeast P. rhodozyma related to chro-
mium(VI) compounds and the analysis of the interrela-
tion between the level of carotenoid synthesis,
resistance to selenite, and ability of chromium
reduction.

Materials and Methods. The objects of our inves-
tigation were wild-type strains of X. dendrorhous
(P. rhodozyma) NRRL Y-10921 from the collection of
microorganisms of the Institute of Cell Biology, NAS
of Ukraine, and mutants of P. rhodozyma, obtained by
us, which demonstrated resistance to sodium selenite
(sit strains).

The yeast was grown on rotor shaker at 250 rpm, ¢ =
22°C, in 100 ml Erlenmeyer flasks, filled with 10 ml of
the medium with the following composition (g/1):
KH,PO, - 1; MgSO,-7H,0 - 0.5; (NH,),SO, — 2; CaCl, x
2H,0 —0.1; yeast extract—2; sucrose — 20; biotin — 1-10°.

The selection of spontaneous sit-mutants of
X. dendrorhous was performed collecting the yeast col-
onies, grown on agarose medium in the presence of 7.5
mM Na,SeO,.

The exponential growth cells (the first 24 hours)
were used in experiments. A sterile solution of potas-
sium chromate was added to cells’ suspension with the
concentration of 0.5 mg/ml with subsequent incubation
at t = 22°C and aeration. The biomass was determined
using optic density of cells’ suspension at the wave-
length of 540 nm with subsequent calculation into abso-
lute dry biomass of cells in accordance to the
calibration curve.

The resistance of mutant P. rhodozyma strains to
sodium selenite was analyzed by applying cells’ sus-
pension (0.2 mg/ml) on agarose medium with the
range of selenite concentration from 1 to 30 mM with
the subsequent study of growth kinetics in 2 days
growing at ¢t = 22°C.

The content of carotenoids was determined after
permeabilization of yeast cells by dimethyl sulphoxide
with subsequent extraction of carotenoids into hex-
ane-ethyl acetate mixtures [13]. During the incubation
of yeast cells with chromate, the concentration of resid-
ual chromate in the cultural liquid was determined by
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Fig. 1 Test for resistance of the cells of wild-type strain of P.
rhodozyma NRRL Y-10921 and mutant sif-strains to sodium
selenite
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Fig. 2 Growth and residual content of chromate in extracellular liquid
of the yeast P. rhodozyma on the 4" day of incubation of the cells with
0.9 mM chromate: redcolumns — biomass; green columns — Cr(VI).

means of colorimetric diphenylcarbaside method [6].
All the experiments were repeated three times.

Results and Discussion. There are numerous liter-
ature data on the ability of sulphate-reducing cells of
microorganisms to reduce Cr(VI) [14]. As selenate and
sulphate are of the same reduction system, character-
ized by mutual competitiveness [15, 16], one may ex-
tend this analogy and assume that compounds of chro-
mium and selenium may also have common enzymatic
mechanisms of reduction. Fig.1 demonstrates the re-
sults of testing initial and derivative sit-mutants of
X. dendrorhous, selected via positive selection in the
medium with 7.5 mM of potassium selenite, concerning
their resistance to selenite.

Isolated mutant strains of P. rhodozyma showed
different degrees of resistance to this toxic factor.
Wild-type strain of P. rhodozyma NRRL Y-10921 did
not grow at 6 mM Na,SeO,, while six sit-strains out of
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ten were actively growing at this concentration of so-
dium selenite. Even in case of five-fold increase in
Na,SeO, concentration in agarose medium (30 mM),
there still were three strains — sit9, sit/ 1, and sitl5, the
growth of which was steady; sit9 and sitl ] showed the
highest resistance to selenite.

The ability of selenite-resistant strains of caro-
tene-synthesizing yeast X. dendrorhous to reduce chro-
mium(VI) compounds was studied via monitoring of
growth and content of residual chromate in the cultural
liquid for 6 days of yeast incubation (initial concentra-
tion — 0.5 mg/ml) with 0.9 mM of chromate. Fig.2 dem-
onstrates the results of the experiment on the 4" day of
yeast incubation.

It was revealed that isolated mutants with different
level of resistance to selenite demonstrate different tol-
erance to chromate, both in the ability to grow in the
presence of chromate and in the level of its reduction.
For instance, two selenite resistant strains sit/4 and
sit16 reduced all the chromate and had the highest bio-
mass increase — 5.40 and 5.36 mg/ml, respectively. The
strains with remaining 3-22% chromate in their culture
(sit4, sit5, sit8) were characterized by more intensive
growth compared to strains, reducing about a half of
added chromate (sit9, sitl1, sit13, sitl15). The correla-
tion analysis of growth activity data and values of resid-
ual content of chromate for tested strains revealed clear
negative correlation between these parameters (R =
—0.825). Thus, the strains, reducing chromate the most
efficiently (lower level of residual Cr(VI) in the cultural
liquid) usually grow better in the presence of Cr(VI).

The study on carotene-synthesizing activity of in-
vestigated P. rhodozyma strains revealed inhibition of
this process in the presence of high concentrations of
chromate in the incubation mixture. The cells did not
have any colour until chromate concentration in the me-
dium decreased to app. 0.2 mM, which caused active
growth of yeast and synthesis of carotenoids. There-
fore, chromate inhibits the process of carotenoid syn-
thesis along with growth inhibition.

Fig.3 demonstrates the growth kinetics and process
of chromate reduction for some siz-mutants of the yeast.
Strains sit/5 and sit/6 showed the highest activity in
their growth and chromate reduction, besides, chromate
disappeared from the cultural liquid sooner — in 4 days
of incubation, while concentration of chromate on the



REDUCTION OF CHROMATE AND CAROTENE-SYNTHESIZING ACTIVITY OF SELENITE-RESISTANT MUTANTS OF THE YEAST

081

0,6

04 -

Biomass, mg/ml

Residual chromate, mM

0,2 4

0,0

—=— NRRL Y-10921
—o— sits
—A— sit8
—vy—sit11

sit13
—4— sjt16

Fig. 3 Growth kinetics (a) and
chromium reduction (b) for
wild-type strain of the yeast P.
rhodozyma NRRL Y-10921
and mutants, resistant to
_selenite.
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6" days of incubation for strains sit9 and sit/ 1 was de-
creased only by half and amounted to 0.4-0.5 mM at
the end of experiment. Strains sit9 and sit/ 1 were also
notable for the slowest growth rate. Growth intensifica-
tion of the rest of mutants coincided with chromate de-
crease in the cultural liquid; strains sit8, sit/3 and sit5,
wild-type strain reduced all the chromate on the 5" and
6" days of experiment, respectively.

Therefore, the analysis of ability to reduce
chromate of mutant strains with the highest resistance
to selenite (sit9, sitl 1, sit15) showed that chromate in
the concentration of 0.9 mM inhibits their growth con-
siderably; at the same time they reduce it much worse
compared to strains siz/4 and sit/6, resistance to sele-
nite of which is less expressed. It may testify to a differ-
ence in reduction pathways of these two anions. Our
previous works on the model of flavinogenous yeast
Pichia guilliermondii [17] demonstrated that mutants,
resistant to selenite, are characterized by the ability of
accumulating elementary selenium (Se’) in cells, while
reduction detoxification of chromate in this yeast re-
sults in accumulation of Cr(IIl) biocomplexes in the
cultural liquid [6, 18].

Thus, different nature of end products of reducing
toxic oxianions of chromium and selenium and differ-
ences in their localization may result in ambiguous in-
terrelation between resistance phenotypes to selenite
and chromate. It is also possible that increased ability to
reductive detoxification of selenite in selenite-resistant
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strains of X. dendrorhous results in the increase in the
pool of a very toxic radical Cr(V) — the intermediate of
Cr(V]) reduction. We intend to verify this hypothesis
via monitoring of Cr(V) generation in the cultures of
sit-mutants using EPR-spectroscopy, as we have done
before for chromate-resistant strains of flavinogenous
yeast P. guilliermondii [20, 21].

We cultivated yeast cells for 4 days and on obtain-
ing the maximal level of carotenoid synthesis [19] we
determined total content of carotenoids and biomass in-
crease for wild-type strains and mutants (Fig.4).

The majority of selenite-resistant strains synthe-
sized less carotenoids than the initial strain, which pro-
duced 327 pg/g of dry biomass, and the coefficient of
decrease in carotene-synthesizing activity for mutants
was fluctuating from 1.1 to 2.5. Only strain sit/6 pro-
duced carotenoids on the level, similar to that of
wild-type strain. The analysis of interrelation between
resistance to sodium selenite and the content of caroten-
oids, produced by the tested strains, revealed that mu-
tants sit9, sitl 1, sitl5 are the most resistant to sodium
selenite and they synthesize approximately twice less
carotenoids compared to the wild-type strain. This fact
may testify to the absence of direct correlation between
the level of carotenogenesis and ability to selenite
detoxification.

We have analyzed the resistance of obtained
sit-mutants of the yeast P. rhodozyma to selenite
(Fig.1), compared obtained results to the data on their
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Phenotype parameters of resistance of P. rhodozyma sit-mutants to selenite and chromate
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Fig. 4 Growth and synthesis of carotenoids for wild-type strain of P.
rhodozyma NRRL Y-10921 and mutants, resistant to sodium
selenite, in the medium without the addition of the latter: red
columns — carotenoids; green columns — biomass

ability to reduce chromate (Fig.2), and divided all the
investigated strains into three groups according to phe-
notype characteristics (Table).

It turned out that there are practically all the combi-
nations of phenotypes related to resistance/sensitivity
to chromate and selenite which testifies to the absence
of definite dependence between resistance to oxianions
of chromium and selenium.

Conclusions. The results obtained allow the as-
sumption that the pathways of chromate and selenite
detoxification in the yeast P. rhodozyma are different
though these processes take place according to a com-
mon reductive type. The absence of definite depend-
ence between the resistance to chromate and selenite
and the ability of the yeast to synthesize carotenoids
testifies to the necessity of searching for biochemical
and genetic mechanisms, responsible for these pro-
cesses. Obtained mutants with different combination of
phenotypes of resistance to selenium and chromium
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I'. I. Heuai, I'. I1. Kwemincvka, I'. B. Konicnuk, M. Ioconoxka,
M. B. I'onuap

Penyxuist XxpoMaTy Ta KApOTHHOCHHTE3yBallbHAa aKTHBHICTH
PE3UCTEHTHUX 10 CEICHITY MyTaHTIiB ApixkJKiB Xanthophyllomyces
dendrorhous (Phaffia rhodozyma)

Pesrome

Mema. [Jlpiscoci P. rhodozyma e nepcnexmugnumu 6ionpooyyen-
Mamu, OCKIIbKU CUHME3VIOMb KAPOMUHOTOHUL NIeMEHM ACMAKCAaH-
MUK 3 8UCOKOIO AHMUOKCUOAHMHOIO akmusHnicmio. Mema pobomu
noaseand y GUEYEHHI 30aMHOCMI PEe3UCMEHMHUX 00 CeleHimy
wmamie pedyxysamu cnonyku xpomy(VI) i 6 ananizi 63aemose ’sa3xy
MIDIC pi6HeM cuHme3y KapomuHnoioig, cmiukicmio 0o ceienimy ma
peoykyilouumMyu  eracmusocmamu  wooo xpomamy. Memoou.
Jpiocoxci supowysanu 3a cmaHoapmuux 0Jisk 0AHO20 GUOY YMOB.
Bmicm 3aiumk08020 Xxpomamy 6 KyJibmypaibHil piOuHi 6U3HAYAIU
KOAOpUMEMPUUHO Ougheninkapbasuonum memooom. Kinoxicme xa-
POMUHOIOIE SUABISIU eKCMPAKYIEIO NICMEHMIE8 OP2SAHIYHUMU PO3-
YUHHUKAMU I3 NONepeoHbo  nepmeadini3oeanux — KIimun.
Pe3ynomamu. Buoineni  cenenim-pesucmenmui  Mymanmu
opidcooicie P. rhodozyma nposieunu pizui kombinayii penomunis 3a
CMIUKICMIO/4YymAugicm 00 Xpomamy i celeHimy ma 30amHicmio
0o pedykyii xpomamy. Bucnoexu. Odepawcani pesynomamu 0aiomo
niocmagy npunycmumu, wo wasxu oemoxcuxayii xpomamy i ce-
neHimy y opisxcodxcie P. rhodozyma e pisnumu, xoua i 30iticHiorOmbcs
3a 0OHAKOBUM peOyKYitiHuM munom. Mymanmui wimamu Moxcymo
cmamu 3py4HoI0 MOOENNI0 Ol BUSHUEHHA 83AEMO38 SA3KY MIdIC 20Me-
0CmMazom OKCIaHIOHI8 celleHy I Xpomy ma OioCUHme3oM Kapomu-
Hoi0i8.

Kuntouosi cnoga: xpomam, pedyKyis, celeHim, KaApomuHoiou,
Xanthophyllomyces dendrorhous (Phaffia rhodozyma).
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I U. Heuau, I'. II. Kwemunckas, A. B. Konecuux, M. I'>iconoka,
M. B. I'onuap

Penyxuus Xxpomara U KapOTHHCUHTE3UPYIONIas aKTHBHOCTh
PE3UCTEHTHBIX K CEJICHUTY MYTaHTOB ApOxOKel Xanthophyllomyces
dendrorhous (Phaffia rhodozyma)

Pesome

Beeoenue. /[podcocu P. rhodozyma — nepcnekmusruiii 6uomexno-
Joeudeckuil npooyyenm, CUHmMe3upyiowull KapomuHouOHslll nue-
MeHm  acmaxkCamumun ¢ GblCOKUM AHMUOKCUOAHMHBIM NOMEH-
yuanom. L{env pabomul cocmosna 6 uzyuenuu cnocooOHOCmu pe3uc-
MEHMHBIX K CEeLeHUMY WMaAMMO8 PeOyyuposams cOeOUHeHuUs. Xpo-
ma (VI) u 6 ananuze 63aumocssizu medxncoy yposHem Cunmesd Kd-
POMUHOUOO8, CIMOUKOCIBIO K CEleHUMY U PeOyYupyouumu ceoui-
cmeamu no omuouwteHuro Kk xpomamy. Memoowt. Knemku Opooic-
Jicell 8bIPAUUBATU 8 CIMAHOAPMHUX O 5M020 euda yciosusx. Oc-
MamoyHoe cooepiicanue Xpomama 6 KyibmypaibHOU AHCUOKOCHU
onpeodensiiu KOJIOPUMEMPUYECKU, UCNOLb3Y Ou@eHuikapoasuo.
Cooeporcanue KapomuHoud08 onpedensnu IKCmpaKyue nuemen-
MO8 CMeChblo Op2aHUYecKux pacmeopumeneti u3 npeosapumenbHo
nepmeabunuz08annblx kiemok. Pesynemamot. Bvioenennvie cene-
HUum-pesucmenmusie mymanmoi Opodcoceil P. rhodozyma nposisunu
pasnuunble KOMOUHAYUYU PEHOMUNOE CIOUKOCIU/YYECMEUM EIbHO-
CMu K Xpomamy u celenumy, a maxdce cnocooHocmu K pedyKyuu
xpomama. Boreoowt. Ilonyuennvle pesyromamul 0aiom OcHOBAHUE
noiazame, 4Mo Nymu OemOKCUKAWUU XPOMAMd U CeleHuma y
opoacaceil P. rhodozyma pasnvie, xoms ocywecmensaomcs no oo-
wemy pedykyuonnomy muny. Mymanmmne wmammbl MO2Ym cmamb
YOOOHOU MOOeNbIo OISl U3YUEHUS B3AUMOCEA3U MeHIy 20MeoCma-
30M OKCUAHUOHOB CeNeHa U XPOMA U OUOCUNIME30M KAPOMUHOUOOS.
Kniouesvie cnosa: xpomam, pedykyus, cereHum, KapomuHouowl,
Xanthophyllomyces dendrorhous (Phaffia rhodozyma).
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