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Microalgae E. gracilis is capable of using ethanol as a carbon and energy source for
growth both in the light and in the dark. Ethanol is efficiently utilized under illumination of
the culture. At mixotrophic cultivation, the dynamics of accumulation of chlorophyll and
paramylon — the main reserve polysaccharide of E. gracilis, was significantly different
from the autotrophic control. Chlorophyll content in the mixotrophic cells at moderate in-
tensities of light (100-250 umol-m-s™') at the beginning of the exponential growth phase
decreased and then increased steadily to reach a stationary growth phase. On the con-
trary, the content of paramylon, was maximal at the lag phase, and decreased in an ex-
ponential growth phase. Thus, the synthesis of photosynthetic pigment-containing com-
plexes was delayed at the beginning of cultivation, in the presence of ethanol, and cell
growth was mainly due to the substrate uptake. Probably, after assimilation of exogenous
ethanol, the observed intensive growth of the culture was provided by the photosynthetic
conversion of light energy and usage of carbon deposited in paramylon.

Keywords: Euglena gracilis, mixotrophic cultivation, ethanol, chlorophyll, para-
mylon.

INTRODUCTION

The photosynthetic efficiency of microalgae is much higher than land plants, its
commercial cultivation is viewed therefore as a promising area of biotechnology, that
can facilitate the production of many useful compounds [28, 29]. The metabolic flexibility
enables microalgae to use different organic substrates for nutrition and to adapt to exis-
tence in wide range of environment conditions [20, 23]. Unicellular microalga E. gracilis
attracts an increasing attention in this direction due to ability to simultaneous accumula-
tion of several useful products: amino acids, vitamins, fat acids, paramylon [19, 21].
E. gracilis has hybrid photoautotroph-heterotrophic genome in which a lateral genes
transfer and a fusion of genes was found, so that the organism is widely used in evolution
investigations [1].

Microalga E. gracilis belongs to the Protista kingdom. The organism is able to pho-
tosynthesis and can also absorb different organic substrates from the environment in
the light and in the dark. E. gracilis can use ethanol as organic substrate, despite the
fact that it is toxic for majority of microorganisms [26]. The addition of ethanol in culture
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medium of E. gracilis influences on the biochemical composition and the physiological
parameters of the cells, because of the using of ethanol as substrate for E. gracilis is
under active investigation [4, 8, 13, 20, 25]. The physiological effects of ethanol on the
cells of E. gracilis are the stimulation of cell respiration, the prevention of losses of mi-
tochondrial enzymes after transition heterotrophic cells on the photoautotrophic cultiva-
tion, the repression of light-induced synthesis of chloroplast enzymes and light-harves-
ting chlorophyll a/b-binding protein of photosystem Il [13, 24]. Biotechnological value of
the cultivation of E. gracilis in the presence of ethanol consist in the increase in the
biomass, the stimulation of protein, a-tocopherol and paramylon accumulation in the
cells [2, 25]. The investigation of ethanol influence on the metabolism of heterotrophi-
cally cultivated cells of E. gracilis, showed that this alcohol rapidly oxidized in the cells
to acetate, 50 % of which incorporated into paramylon [9]. There is evidence that etha-
nol as a substrate inhibits the glycolytic conversion of glucose into pyruvate and incor-
poration of these molecules into lipids and proteins, while a larger percent of glucose
incorporates into paramylon [13].

Paramylon is the -1,3-glucan — a storage polysaccharide of E. gracilis. Paramylon
has highly crystalline and fibrillar structure and occurs as membrane-bound granules in
the cytosol [12, 14, 22]. The crystallization level of the paramylon granules reaches
90 %, what distinguish this polysaccharide from the other storage products of plants and
algae [6, 16]. Paramylon has promising prospects of application in medicine and veteri-
nary medicine. The biological active and medicinal properties of paramylon include its
ability to stimulate the immune system and protection against viral and bacterial infec-
tions, antitumor and radioprotective effects [5, 17]. It should be also noted that this
polysaccharide helps to reduce cholesterol and regulates glycometabolism [12, 14].
Paramylon as the other B-glucans provides a remarkable range of health benefits, and
is especially important against the two most common conventional causes of death in
industrialized countries, i.e. cardiovascular diseases (where they promote healthy cho-
lesterol and blood glucose levels) and cancer (where they enhance immune system
functions). In this work we investigated the effect of ethanol as a substrate on the culture
growth and the paramylon accumulation in the cells during the cultivation of E. gracilis.
Changes of chlorophyll concentration were also studied.

MATERIALS AND METHODS

Microalgae and culture conditions. E. gracilis var. bacillaris culture was obtained
from the algae collection of the Institute of Biophysics and Cell Engineering of NAS of
Belarus. The cells were grown without agitation and aeration in 250 mL Ehrlenmeyer’s
flasks containing 200 mL of salt medium [18] at 25 °C. The experimental types of cul-
tures differed in the culture medium composition and intensity of continuous illumina-
tion. There were two types of photoheterotrophic cultures including culture with 100 mM
ethanol (variant Et) and combination of 100 mM ethanol and 40 mM glutamate (variant
EtGt). Photoautotrophic culture was used as a control variant. All variants of the cul-
tures were grown under different light intensity: 20, 100 and 250 pmol-m?'s.

Determination of the growth parameters of the cultures. The number of the cells in
ml of the cultural suspensions was counted in Goryaev’'s chamber using light micro-
scope (x150). The rate of cultures growth (r) was determined by the formula [3]:

. _In(N, /Ny)
At
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where N,— the amount of the cells in the volume unit at time 0; N, — the amount of the
cells after time period At.

Total chlorophyll determination. Chlorophylls were extracted from the cells with
acetone. The optical density of extracts was measured at 662 and 646 nm and the con-
tent of pigments was calculated from the formulae given in [15].

Paramylon determination. Cells (aliquots of culture 5x106) were harvested by cen-
trifugation at 3000 rpm for 5 min, the supernatant was discarded and the pellet was
washed twice by ddH,O. Pigments were extracted by 96 % ethanol to receive a cell’s
pellet of white color. The supernatant was discarded, 2 ml of 1 % sodium dodecyl sulfate
was added to the pellet and this mixture was vortexed for 1 min before heating in boiling
water for 10 min. Next, the sample was centrifuged at 10 000 rpm for 10 min and the
supernatant discarded and this step was repeated twice. The final pellet was resus-
pended in 0.5 ml of 1 N NaOH. To determine the amount of free glucose in the final
NaOH solution, a 100 pl aliquot was mixed with 1 ml of 5 % phenol and 1.6 ml of con-
centrated (95-98 %) H,SO,. The absorbance was determined at 490 nm [11], after in-
cubation the sample in thermostat (27-30 °C) for 10 min. Absorbance signal from ex-
perimental samples was transformed to glucose equivalents using the calibration curve,
where minimal and maximal concentration limits of D-glucose were 50 and 400 pug, re-
spectively.

Statistical analysis of the results. Statistical analysis of the results was performed
using the methods of variation statistics using the software package Excel.

RESULTS AND DISCUSSION

Growth of the mixotrophic cultures E. gracilis under different light intensity. Among
three variants of continuous illumination intensities (20, 100 and 250 pmol'm?s),
100 umol'm?'s' was the most favorable for biomass accumulation by cultures of
E. gracilis (Table 1). The largest increase in the cell concentrations of the cultures was
at time 2-5 days of cultivation (Table 2). The exponential growth phase begun at 2-3"
days of cultivation and continued up to the 10" day in the all variants of the cultures,
when transition growth phase began. The ratio of the cellular concentrations in the cul-
tures grown at light intensity 100 umol-m2s*'was: 1.0 : 4.8 : 5.54 (control : ethanol :
ethanol+glutamate Na) at the 15" day. The duration of stationary growth phase was
15-20 days and the secondary growth of the cultures was observed at the 23" day.

Table 1. Cells’ concentration in the stationary growth phase in cultures of E. gracilis
grown at different light intensity

Tabnuys 1. KoHueHTpauia KniTUH y Kynstypax E. gracilis y ctauioHapHin dasi pocty, Bu-
POLLEHUX 3a Pi3HOT iIHTEHCUBHOCTI OCBITIIEHHSA

Stationary growth phase, 15" day of cultivation (cellsx10%/ml)

Culture
20 umol-m?s™ 100 umol'm?'s™ 250 pmol'm?'s™
Control 0.23 0.84 0.71
Ethanol 2.14 4.00 3.67
Ethanol + glutamate Na 3.24 4.65 4.21

The mixotrophic cultures grew faster during the early exponential growth phase
(2-5 days). But in the next three days, the growth rate (r) of the mixotrophic cultures
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dropped almost in half. In the same time, the growth intensity of the autotrophic culture
did not change up to stationary growth phase. The increase in biomass E. gracilis grown
with ethanol and glutamate Na was larger in the first days of exponential growth phase,
which was in whole longer than for the culture grown with ethanol only.

Table 2. The growth rates (r) of E. gracilis cultures at light intensity of 100 umol-m=2's™
during 2-15 days of cultivation

Tabnuys 2. WeuakocTi pocTy (r) kynsTyp E. gracilis npu ocgitneHHi 100 Mkmonb-m2-c”
npotsirom 2-15 fi6 KynsTUBYBaHHA

Duration of cultivation

Culture 2-5% days 5-8" days 8-10"days  10-15" days
Control 0.22 0.21 0.22 0.054
Ethanol 0.63 0.30 0.09 0.048
Ethanol + glutamate Na 0.7 0.31 0.1 0.056

E. gracilis in the mixotrophic cultural conditions accumulated sufficient reserve of
carbon in the form of organic substrates and ATP, formed in the photochemical reactions
to support anabolic processes in the cells and culture growth. In the absence of organic
carbon sources, the rate of the culture growth was significantly lower as it was observed
in the autotrophic culture [27]. The low light intensity (20 umol-m#'s™') did not promote
biomass accumulation in mixotrophic cultures because the cells lacked enough energy
in result of photosynthesis restriction. In these conditions, mitochondrial oxidation of
available organic substrates perhaps was also inhibited due to the reduced activity of
water photolysis and the lowered oxygen concentration in the medium.

Accumulation of chlorophylls in the cells of mixotrophic cultures of E. gracilis under
different light intensity. The main difference between control and mixotrophic variants of
the cultures was noted in a level and dynamics of photosynthetic pigments accumula-
tion. The decreasing in chlorophylls content in comparison to the initial values in the
cultures with ethanol or the combination of ethanol and glutamate Na by 34 and 45 %
respectively, was observed in the exponential growth phase at the 3rd day of cultivation
with the light intensity of 100 umol-m=2's™" (Fig. 1). Declines in chlorophyll content were
~60-80 % at higher light intensity (250 umol-m#'s™) (data not presented). Such chan-
ges in pigment amount in the mixotrophic variants were not observed at the low light
intensity (20 pmol-m#s™') and the dynamics of accumulation was similar to the control
variant. Increasing of chlorophylls content in the mixotrophic cultures occurred at 5-10
days and continued to the last 15" day of cultivation. The ratio of chlorophylls concentra-
tions in the cultures at the 3 and 5" day were: 1.97 : 1.19: 1 and 1 : 1.71 : 1.46. Ac-
cording to the published and our data, the level of chlorophylls in the cells of autotrophic
culture of E. gracilis negatively correlated with intensity of light during its growing [7].
Comparison of mixotrophic cultures that were grown at 100 and 250 umol-m?'s' showed
the same trend. Observed decline of chlorophylls after the lag phase and early expo-
nential growth phase is likely consequence of the presence of organic substrate in the
medium. It is known that the induction of the synthesis of chlorophyll-containing proteins
of light-harvesting complexes is catabolite-sensitive [4, 24]. The light intensity
250 umol'm?'s™ caused a decrease in chlorophylls content in the cells due to the more
intensive process of photodestruction of these pigments [10]. Increasing chlorophylls
content at the 5" day in the mixotrophic cultures may indicate an activation of photosyn-
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thetic apparatus development after assimilation of available organic substrate by the cells.
At the low light intensity the level of chlorophylls remained almost unchanged during the
most of the cultivation time, what may be linked with much lower probability of photode-
struction and rebuilding processes of photosynthetic apparatus in this conditions.
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Fig. 1. Dynamics of chlorophyll accumulation in cells of the mixotrophic cultures of E. gracilis at light intensity

of 100 umol-m?#s™

Puc. 1. [lnHamika HakonuyeHHs XnopodiniB y KMiTMHax MiKCOTPOHUX KynbTyp E. gracilis Ha cBiTni iHTeHCMB-

HicTio 100 MKMOnb-M2-c”!

Accumulation of paramylon in the cells of mixotrophic cultures of E. gracilis in light
intensity 100 umol m~? s~'. Paramylon accumulationin the cells of the mixotrophic cul-
tures showed a variable dynamics in comparison with control (Fig. 2).
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Fig. 2. Dynamics of paramylon accumulation in cells of the mixotrophic cultures of E. gracilis at light inten-
sity of 100 umol-m2s™!

Puc. 2. [lnHamika Hakonv4yeHHA napamMinoHy Yy KniTMHax MIKCOTpodHMX KynbTyp E. gracilis Ha cBiTni
iHTeHcuBHicTio 100 Mkmonb-M2-c™

Sharp increase in the amount of the storage polysaccharide in the mixotrophic cells
was observed at the first day of cultivation, and succeeded by the decreasing its content
at the 5th day. The maximum content of the polysaccharide was registered in the cells
of the culture, which was grown in the presence of ethanol and glutamate Na. The con-
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tent of paramylon in this mixotrophic culture exceeded 18 % the mixotrophic culture
supplemented with ethanol only. An increase in paramylon content after 1-3 days of
mixotrophic cultivation can be explained by active assimilation of carbon of organic
substrates from the nutrient medium in lag phase of microalgae growth. Only the slight
increase in paramylon content was observed during the first 5-10 days of autotrophic
cultivation of E. gracilis cells. It is known, when ethanol is used as nutrient substrate, the
metabolism of the cells of E. gracilis changes toward synthesis of glucose, 70 % of
which incorporated into paramylon [13]. Our data suggest that the exogenously added
ethanol affects the growth and the accumulation of chlorophylls and paramylon dyna-
mics not only as a source of carbon and energy for the cells of E. gracilis, but also as
a regulatory factor of the cellular metabolism.

CONCLUSIONS

The obtained results suggest that in the presence of exogenous ethanol the cells of
mixotrophic culture of E. gracilis accumulate the storage polysaccharide paramylon at
the lag growth phase. During a subsequent cultivation, the content of chlorophylls in-
creases and an intensive growth of the culture is observed due to photosynthetic con-
version of light energy and usage of carbon stored in the paramylon.
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ANHAMIKA HAKOMUYEHHSA NMAPAMIJIOHY TA XJTOPO®INIB Y KNMITUHAX
EUGLENA GRACILIS 3A MIKCOTPO®HUX YMOB KYJIbTUBYBAHHA

B. M. MokpocHon

IHemumym 6omariku im. M.I. XornodHozo HAH YkpaiHu
8yn. TepeweHkKiecbka, 2, Kuig 01601, YkpaiHa
e-mail: VictoryM6@yandex.ua

MikpoBogopicTb E. gracilis 3aaTHa BUKOPUCTOBYBATK €TaHOS K AXKepeno Byrneuo
Ta eHepril Nig, Yac BMPOLLYBaHHSA sIK Ha CBiTNi, TaK i B TempsBi. ETaHon edheKkTMBHO yTUsi-
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3YETbCS MIKPOBOAOPICTIO B YMOBaX OCBITIIEHHS, Y LbOMY pa3i AMHaMika HaKOMUYeHHs
XriopociniB i napaminioHy — OCHOBHOMO 3anacHoro nonicaxapuay E. gracilis, cyTTeBo
Bifpi3HAnacs Big aBTOTPOGHOrO KOHTPOM. 3a NOMIPHUX IHTEHCUMBHOCTEN OCBITIIEHHS
(100-250 mkMonb-M2-c™") Ha noyaTKy eKCroHEeHLiNHOI dbasn pocTy B MiKCOTPOGOHO Kyrb-
TMBOBAHMUX KIiTMHAX BMICT XropodiniB 3HMXKYETLCS, a NOTiM cTabinbHO 3pocTae oo Oo-
CArHEHHSA KYNbTYpPOI CTauioHapHOI asn pocTy. Y LbOMYy pasi BMICT napaminoHy, Ha-
BMaku, CArae CBOro MakcMmymy B nar ¢pasi pocTy KynbTypu, 3HWXKYHUYNCh B EKCMOHEH-
LinHin gasi. OTxe, Ha NoYaTKy KyrnbTUBYBaAHHS 3@ HAssBHOCTI €TaHOosy YTBOPEHHS hboTo-
CUHTETUYHUX MIrMEHTOBMICHUX KOMIEKCIB rafibMyeTbCS, | XMUBMEHHS KIITUH 34INCHIO-
€TbCSl NMEepPEeBaXHO 3aBASAKM MOMMMHAHHIO cybcTpaty. Moganblinii iIHTEHCUBHUIA PiCT
KynbTypu BigOyBaeTbCcs 3aBAAKM (DOTOCUHTETUYHOMY NEPETBOPEHHIO CBITIIOBOI eHeprii
Ta BUKOPUCTaHHIOSA BYIMeLto, AENOHOBAHOIo Yy napaMifoHi, BiporigHo, nicnsa nornmnHaH-
HS eTaHony 3i cepeoBmLa.

Knrodoei cnosa: Euglena gracilis, MIKCOTPOOHE KyIbTUBYBaAHHSA, €TaHOS1, XI0po-
din, napamisnoH.

AONHAMUKA HAKOMJNEHUA NAPAMUITOHA U XITOPO®UINIIOB B KINETKAX
EUGLENA GRACILIS NP MUKCOTPO®HbIX YCNTOBUAX KYNIbTUBUPOBAHUA

B. M. MokpocHon

UHcmumym 6omaHuku um. H.I. XonodHozo HAH YkpauHbl
yn. TepeuweHkosckasi, 2, Kuee 01601, YkpauHa

e-mail: VictoryM6@yandex.ua

MukpoBogopocnb E. gracilis cnocobHa ncnonb3oBaTh 3TaHOIN B KAYECTBE UCTOYHMKA
yrnepoga v SHepriv npv BblpallyBaHUM KaK Ha CBETY, Tak U B TeMHoTe. dTaHon addek-
TMBHO YTUIN3MPYETCH MUKPOBOZOPOCIILIO MPY OCBELLEHUW, MPUYEM OUHAMUKA HAKomMe-
HWS XNOPOUIIIOB U NapaMurioHa — OCHOBHOIO 3anacHoro nonucaxapuaa E. gracilis, npu
MUWKCOTPOCHHOM KyFNbTMBMPOBAHMM CYLLECTBEHHO OTNMYanacb OT aBTOTPOGHOIO KOHT-
ponsi. Mpy yMepeHHbIX MHTEHCUBHOCTAX ocBelleHus (100—250 mkmonb-m2-c) B Hadane
3KCMOHeHLMansHom askbl pocTa cogepxaHme X0podunioB B MUKCOTPOGOHO KynbTUBU-
pYyeMbIX KIETKax CHMXanoch, a 3atemM CTaburbHO Bo3pacTano 40 AOCTVXKEHWUS CTaumo-
HapHo cbasbl pocTa. [py 3TOM cofepkaHne napaMmurioHa, HanpoTuB, JOCTUIano CBOEro
MakcMMyMa B nar pase, CHUXKasiCb B SKCMOHeHLMansHon gase pocta. Takum obpasom,
B Hayarne KynsTMBMPOBaHUS B NMPUCYTCTBUM STaHOMa NOAABNSETCA CUHTE3 (DOTOCUHTETU-
YeCKUX MUIMEHTOCOAEPKALLMX KOMMIIEKCOB, U POCT KIETOK obecnevmBaeTcs npeMmyLle-
CTBEHHO 3a CYET nornoLlleHus cybetpara. MNMocneayowmii MIHTEHCUBHBINA POCT KynbTypbl
NPOUCXOAMT 3a CYET (POTOCUMHTETUYHECKOrO Npeobpa3oBaHWsi CBETOBOW 3HEPIMM U UC-
nonb3oBaHus yrnepoaa, 4enOHMPOBAHHOIO B NapamunrioHe, BEPOSITHO, MOCI e aCCUMMUIIS-
Lnn aTaHomna us cpebl.

Knroueenie cnoea: Euglena gracilis, MMKCOTpOdoHOE KynbTUBUPOBaHWE, 3TaHOM,
xrnopoduns, napamusoH.
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