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The aim of the paper was the selection of the improved strains of Phaffia rhodozyma using chemical
mutagenesis and the identification of individual carotenoids synthesized by isolated more pigmented
mutants. Hyperpigmented mutants of P. rhodozyma NRRL Y-17268-1 and IMB Y-5021-15 were isolated
from initial strains NRRL Y-17268 and IMB Y-5021 by nitrosoguanidine mutagenesis. Pigments were
purified by TLC and identified using HPLC and liquid chromatography-mass spectrometry. It was shown
that initial strains P. rhodozyma NRRL Y-17268 and IMB Y-5021 and obtained from them mutants
NRRL Y-17268-1 and IMB Y-5021-15 produced torulene and torularhodin without illumination in sha-
king flasks at 20 °C. The content of torularhodin produced by the mutant strains Y-17268-1 (18.2 ng) and
Y-5021-15 (16.5 png) per 1.0 g of dry biomass was increased to 33.8 and 18.4%, respectively, in compari-
son with the content of this pigment in the initial parental strains. The obtained strains present interest
for further selection of more active producers of carotenoids and examination of the action of reactive

oxygen species as stimulators of carotenoid production in yeasts.
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Natural carotenoid pegments play the
important role in the life of the animals and
humans as biostimulators, antioxydants, vi-
tamin A substitutes, coloring and tumor in-
hibiting compounds. Red yeasts of the genus
Phaffia are known to produce the different ca-
rotenoids presented by torulene, torularhodin
and astaxanthin. The low carotenoid content in
the biomass limited these yeasts in industrial
exploitation. Carotenoid production by micro-
organisms can be increased using mutagenic
treatment of the cells. Natural pigments ca-
rotenoids in most cases are presented by tetra-
terpenoids synthesized from eight isoprene py-
rophosphate units [1]. Many red yeasts of the
genera Rhodotorula, Rhodospiridium, Sporobo-
lomyces and Phaffia are known to produce dif-
ferent carotenoids in natural conditions [2 4].
Carotenoids play the important role in the life
of animals and humans as biostimulators, anti-
oxidants, vitamin A substitutes, coloring and
tumor inhibiting pigments.

Representatives of the genera Rhodotorula
and Phaffia synthesize different commer-
cially important carotenoids (beta-carotene,

torulene, toriularhodin and astaxanthin) and
therefore belong to potential industrial mi-
croorganisms. Industrial exploitation of these
yeasts is limited by the low carotenoid content
in their biomass.

The aim of the paper was the selection of
the improved strains of Phaffia rhodozyma
using chemical mutagenesis and the identifica-
tion of individual carotenoids synthesized by
isolated more pigmented mutants.

Materials and Methods

Strains. Wild type strain Phaffia
rhodozyma NRRL Y-17268 (BKM Y-2059) was
obtained from the Institute of Cell Biology,
National Academy of Sciences of Ukraine,
kindly presented by Prof. C. P. Kurtzman
from Microbial Genomics and Bioprocessing
Research Unit, Peoria, Illinois, USA [5]. The
mutant P. rhodozyma IMB Y-5021 (stored
in the Depository of IMV) was isolated in
the Institute of Animal Biology, National
Academy of Agrarian Sciences of Ukraine from
the strain NRRL Y-10921 by mutagenesis.
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Media. Yeasts strains were grown on the
modified S medium (g/L): K, HPO, — 2,0;
MgSO,7H,0 — 0,5; yeast extract — 4,0;
peptone — 4,0; malt — 2,0; glucose — 20,0;
biotin — 1.107%; fountain water — 1,0 L;
pH 6,0, sterilization at 1,0 bar overpressure
for 30 min.

The yeast cultures were incubated in
750 mL conical shaker flasks containing 80 mL
of suitable medium and rotating at 240 rpm at
28 °Cor 20 °C for 72 h.

Mutagenesis. Mutagenesis of P. rhodo-
zyma NRRL Y-17268 and IMB Y-5021
was performed with N-methyl-N'-nitro-N-
nitrozoguanidine (SERWA, Heidelberg).
The concentration of the mutagen in the
Tris-maleic acid buffer (0.05 M Tris base and
0.05 M maleic acid), pH 8.0 was 300 ng/mL for
60 min. Nitrozoguanidine, after treatment,
was removed by cells> washing in a buffer
and centrifugation. Diluted cell suspension
was then distributed on an agar medium in
Petri dishes by glass spatula and incubated at
20 °C for a period of 7 days. Separate colonies
with more orange or red color were chosen for
further investigation.

Carotenoid extraction and analysis. The
yeast cells were harvested by centrifugation,
washed in the water and the resulting sediment
was dried at 80 °C until no change in weight
was observed. The dry biomass was reduced to
a powder using glass powder and a porcelain
mortar with a pestle on the ice to prevent
the degradation of the carotenoids which
were then extracted twice with acetone. The
obtained extract was cleared by centrifugation
at 11,000 rpm, dried in a vacuum rotor
evaporator and the pigments were dissolved
in acetone. The carotenoids were separated
by means of thin layer chromatography on
Silica gel 60 F254 (Merck) with 25% acetone
or 5% ethyl acetate in hexane. The absorption
spectra of the acetone solutions of carotenoids
were registered by a Beckman DU-8
spectrophotometer. The content of carotenoids
was determined using the specific extinction
coefficients E1%, 1 cm for torulene (3200 at
484 nm) and torularhodin (1932 at 495 nm) in
hexane.

HPLC and LC/MS (liquid chromatography—
mass spectrometry) of the carotenoids
purified by TLC were performed using a liquid
chromatography system Agilent Technologies
1200 with a single quadrupole detector
and the Multimode ions in APCI mode. The
conditions of separation were the following:
column Zorbax Hypersyl ODS 120 x 2.1 mm,
3 um, with acetone/water + 0.1% formic acid
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(95:5) as a solvent at a flow rate 0.3 ml min™?.

Detection was performed at 540 nm, and the
UV-VIS absorption spectra were recorded
online with the photodiode-array detection
system. The chromatograms have been
analyzed with Chemstation software.

Results and Discussion

The frequency of origin of stable colonies
with more intensive red-orange color after
nitrosoguanidine treatment was found to be
0.07-0.08% among surviving colonies of both
P. rhodozyma strains (Fig. 1). Four and three
more pigmented mutants were isolated among
4600 and 4200 tested colonies of the strains
Y-17268 and Y-5021, respectively. Observation
of these mutants during prolonged storage and
repeated sowing approved their stability. The
next stage of this work was identification of
the main individual carotenoids in the extract
of the dry cell biomass of the yeasts. TLC
of the extracts showed the presence of two
carotenoids produced by the strains Y-17268,
Y-17268-1, Y-5021, and Y-5021-15 (Fig. 2).
Purified carotenoids were identified according
to their absorption spectra. Torulene (A, =
460, 485, 528 nm) and torularhodin (A, =
485, 495, 524 nm) were identified in all strains
of P. rhodozyma (Fig. 3).

The results of preliminary carotenoid
identification were confirmed by HPLC and
LC/MS spectrometry (Fig. 4). The following
m/z values of the carotenoids were obtained
by APCI NI: 534.4 for torulene and 564.4 for
torularhodin. Index R; was equal to 1.480
and 2.206 for torulene and torularhodin,
respectively. The obtained values A,,,,, m/z
and R, of the identified carotenoids are in good
agreement with walues reported in literature [6].

Biosynthetic activity of the selected yeast
strains was investigated by their growth
in the shaking flasks on the appropriate
media. Among 4 strains of P. rhodozyma
the most active producers of carotenoids
were the mutants Y-17268-1 and Y-5021-15
synthesizing in a dark environment 18.2 nug
and 16.6 ng of torularhodin per 1.0 g of dry
biomass, respectively (Table). These data are
statistically reliable (P < 0.001). The contents
of torularhodin produced by the mutant strains
Y-17268-1 and Y-5021-15 were increased to
33.8% and 18.2% , respectively, in comparison
with the output of this pigment in the initial
parental strains.

According to our results the strains
P.rhodozuma NRRL Y-17268 and IMB Y-5021,
and isolated from them mutants Y-17268-1 and



Experimental articles

Y-5021-15 produce torulene and torularhodin
like the red yeasts Rhodotorula. Accurate
identification of carotenoids produced by
the strain Y-17268 was not found in the
published papers [7—11]. Torulene (30% ) and
torularhodin (60-65% ) were produced by
10 different P. rhodozyma strains of BKM
collection, as well as by the strain NRRL
Y-17268 (BKM Y-2059), during growth at
30 °C, whereas they synthesized astaxanthin at
20 °C[12]. Despite of our attempts the growth
of above mentioned strains at 18—20 °C did not
leaded to production of astaxanthin instead of
torulene and torularhodin.

In comparison with representatives of
Rhodotorula, the mutant strain Y-17268-1
produces similar quantities of torulene and
torularhodin, 575.2 png/L and 684.3 ng/L,
respectively without illumination [13-15].
This strain presents an interest for further
selection of better producers of carotenoids
and study of possible stimulating influence
of reactive oxygen species (H,0,, O,~, OH) on
carotenoids production in yeasts [16].

Fig. 1. Growth of the initial strains and their more
pigmented mutants on solid medium:
1 — P.rhodozyma Y-5021; 2 — Y-5021-15;
3 —Y-17268; 4 — Y-17268-1

A B C D

Fig. 2. Thin layer chromatograms of the caro-
tenoids:

A — lycopene (control) [17]; B — lycopene and
beta-carotene (control) [17]; C — beta-carotene
(control) [17]; D — torulene (top spot):
25% acetone in hexane; torularhodin (bottom
spot): 5% ethylacetate in hexane

a b

Fig. 3. Absorption spectra of carotenoids in acetone:
a —torulene; b — torularhodin

A B Cc

Fig. 4. HPLC (top) and LC/MS (bottom) of carotenoids:
A — torulathodin; B — torulene; C — [B-carotene
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Carotenoid production by P. rhodozyma strains in shaking flasks

Strain Dry cell mass, Torularhodin, |Torulene, Relation Sum of carotenoids,

g/L ng/g ng/g torularhodin/torulene ng/g
38.0 13.6 14.9

Y-17268 (control) 38,6 13,4 14,7 0.91 28.5
37,4 13,8 15,1
37.6 18.2* 15.3

Y-17268-1 37,4 18,4 15,5 1.19 33.5
37,8 18,0 15,1
36.5 13.9 16.9

Y-5021 (control) 36,3 14,0 17,2 0.82 30.8
37,0 13,7 16,6
36.1 16.6% 13.4

Y-5021-15 37,0 16,2 13,0 1.24 30.0
35,3 17,0 13,8

Note: * P < 0.001 (as compared with control).
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BUOIJIEHHA MYTAHTIB JPIKI/KIB
Phaffia rhodozyma 3 IIIIBUIITEHAM
BMICTOM KAPOTHUHOIIB
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MeTo10 poboTH OYB H0Oip IMOTiMIIIeHnX IIITaMiB
Phaffia rhodozyma, ogep:kaHuX 3a JOIOMOTO0
XimMiuHOrO MyTareHesy, Ta igeHTudikaIisa oxkpe-
MHUX KapOTUHOIJiB, CHHTE30BaHUX i30JIbOBAHU-
MU rineprirMeHTOBaHUMU MyTaHTamMu. MyTaHTu
3 migBUINEeHOI0 mirmeHraiiiero P. rhodozyma
NRRL Y-17268-1 ta IMB Y-5021-15 Bugineuno
3 Buxigamx mramiB NRRL Y-17268 i IMB
Y-5021 3a momomMoroio HiTpPO30oryaHiZMHOBOTO
myTtaretesy. IlirMeHTH OYMIIAJIN TOHKOIIIAPOBOIO
xpomarorpadieo ¥ izeHTudirysBasm 3a Io-
IOMOTOI0 BHCOKOoe(dpeKTUBHOI piguaHOI
xpomaTorpadii Ta pigmaHOi Xpomartorpadii/
mac-cuekTpomerpii. Ilokasamo, mio BuximHi
mramu P. rhodozyma NRRL Y-17268 i IMB
Y-5021, a TakoK omepsKaHi Big HUX MyTaHTH
NRRL Y-17268-1 Ta IMB Y-5021-15 npoxyxy-
BaJIM TOPYJIiH i Topyjaapommu 06e3 OCBiTIeHHSA
B Koabax Ha kauaiumni npu 20 °C. Bmict Topy-
JapoAWHY B MYTAHTHUX InTaMaxY-17268-1
(18,2 mkr) i Y-5021-15 (16,5 mkr) B 1,0 r cy-
x01 O0iomacu 36inbmmusesa mo 33,8 i 18,4% =Bix-
TOBiHO MOPiBHAHO 3i BMiCTOM IILOTO IIiIrMEHTY
y BuxigHux O6aTbKiBchbKuUX mramax. Omep:kani
MITaMU € IePCIeKTUBHUMMU AJA TONAJNbIIOL
ceJIeKINil ak TMBHIIIIKNX IPOAYIIEHTIiB KapOTUHOIAiB
i mocaimskeHHS il peaKTUBHUX CIIOJIYK KUCHIO JIJIsI
CTUMYJIAII]l yTBOPEHHSA IIUX CIIOJYK APisKIIKAMMU.

Knrwouwosi cnosa: Phaffia rhodozyma, myrareses,
TOPYJIiH, TOPYJIAPOAIH.

BBIJIEJIEHUE MYTAHTOB JIPOKKEN
Phaffia rhodozyma C IIOBBINTEHHBIM
COOEP;KAHUEM KAPOTHHON/10B
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ITenbo paboOThI OBII OTOOP YJAYUIIIEHHBIX
mrammoB Phaffia rhodozyma, moiydeHHBIX
C IIOMOIIbI0O XMMHUYECKOr0 MyTareHesa, U UIeH-
TuPUKAIUA OTAEJTbHBIX KapPOTUHOUIOB, CHUH-
TE3MPOBAHHLIX M30JMPOBAHHBLIMU T'HMIIEPIIUTI-
MEHTHPOBAHHLIMK MyTaHTaMu. MyTaHTEHI
C IOBBIMIEHHOW nurmeHranued P. rhodozyma
NRRL Y-17268-1 u UMB Y-5021-15 Boigese-
HBI 13 ucxogubix mraMmMoB NRRL Y-17268 u
IMB Y-5021 HUTpPO30OTYyaHUAMHOBLIM MyTare-
HezoM. [IurMeHTHI OYMMIAIN TOHKOCJIOUHON
xpomarorpauein u UAeHTUPUIIUPOBAIU C IIO-
MOIIIbI0 BBICOKO9((HEeKTUBHOMN KUJKOCTHON XPO-
Martorpad@uu M KUAKOCTHOU Xpomartorpaduu/
Macc-crnekTpomerpuu. IlIokasamno, 4To UCXOAHBIE
mramMmMmbl P. rhodozyma NRRL Y-17268 u UMB
Y-5021, a Tak:Ke IMOJyUYeHHBIE OT HUX MYTAHTHI
NRRL Y-17268-1 u UMB Y-5021-15 o6pasy:oT
TOPYJUH U TOPYJapOAUH 0e3 OCBeI[eHUs B KOJ-
0ax ma xavauaxe upu 20 °C. Comep:xanue Topy-
JapoAuHa B MYTAHTHBIX miTamMMmMax Y-17268-1
(18,2 mkr) u Y-5021-15 (16,5 mkr) B 1,0 r cyxoii
6uomMacchl yBeauuuaoch a0 33,8 u 18,4% coor-
BETCTBEHHO II0 CPABHEHUIO C COAEPIKAHNEM STOTO
IMATMEHTA B UCXOHBIX POAUTEIbLCKUX IITAMMAaX.
ITonyueHHBIe MITAMMBI ABJISIOTCS IEPCIEKTUB-
HBIMU JJI5I IOCJeAYIONIel ceJeKIInu 0ojiee aKTUB-
HBIX IIPOAYIIEHTOB KAPOTUHOMUIOB U UCCIEI0BAHUS
IeCTBUS PEaKTUBHBIX COEIMHEHUIN KHUCJIOPOaa
IULSL CTUMYJISIUY O0Pa30BaHUSA 3TUX COeNUHEeHNH
IPOYKIKAMU.

Knrwouesvte cnosa: Phaffia rhodozyma, myrare-
He3, TOPYJINH, TOPYJIAPOLUH.
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