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PHYSIOLOGICAL AND BIOCHEMICAL CHANGES IN ALGAL
CULTURES OF CHLORELLA VULGARIS AND SYNECHOCYSTIS SALINA
(MESOPHILIC AND ANTARCTIC ISOLATES) OCCURING AFTER
TREATMENT WITH UV-B RADIATION

Dilyana Doneva, Juliana Ivanova , Lyudmila Kabaivanova

ABSTRACT. Determination of biomass production and viability of algal cells of Chlorella vulgaris and Synechocystis
salina exposed to UV-B radiation were carried out in this study together with comparison of the mesophilic and
antarctic isolates of both investigated strains. Estimation of the content of the pigments: chlorophyll a, chlorophyll b, -
carotene, C-phycocyanin and allo-phycocyanin in algal cells exposed to UV-B radiation was also accomplished. The
obtained results showed that the antarctic algae are more resistant to oxidative stress than their mesophilic counterparts.
The antarctic isolates of Ch. vulgaris and S. salina compared with the mesophilic ones - up to 72 h showed tolerance to
low exposures of radiation, expressed in a slight stimulation of growth and viability of the cells. Antarctic isolates also
showed greater resistance to low doses of UV-B radiation manifested by stimulation of the synthesis of chlorophyll a
and B-carotene. The registered increase in the amount of C- and allo-phycocyanin in antarctic isolates of S. salina
showed that they had developed protective strategies against UV-B radiation by increasing the concentration of the
phycobiliproteins. As a result of increased UV-B background, in antarctic isolates, stronger antioxidant defence

mechanisms are triggered, which proved the possibility of using them as markers of oxidative stress.
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INTRODUCTION

Algae are an extensive group of photosynthetic
organisms distributed through a wide variety of
habitats. They are the main support of the entire life.
UV irradiation in lakes can affect photosynthesis of
aquatic organisms down to a depth of 10-70 m [1].
Algae may develop numerous strategies to cope with
UV radiation like multiple layered cell walls,
absorbing compounds such as carotenoids, proteins
and some reparing enzymes, that enable adaptation
to environmental stress [2]. Recently a reduced
concentration of ozone in the stratosphere was
established over different latitudes and especially
over Antarctica. The penetration of solar UV-B
radiation (280-315 nm) to the earth surface
compromise the flora and fauna and is becoming a
global problem. Although UV-B radiation is a small
component of the solar spectrum (<1% of energy) it
is highly reactive and induces significant
physiological, biochemical, genetic and structural
damages to the plant cells due to the ensuing
oxidative stress [3-7]. It is known that many of the
ecotoxicological protective strategies of unicellular
organisms function also in higher organisms, so the
research on lower organisms would provide
important information regarding evolutionary
processes at a cellular level [3]. In comparison with
the macrophytes, these organisms show more
immediate sensitivity to even to slight increases in
UV radiation. Therefore, microalgae and especially
cyanobacteria (as the oldest producers of O, on the
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planet) are included in numerous complex strategies
as test organisms [8].

Investigating populations of microalgae and
cyanobacteria under UV stress conditions 1is
important concerning their role in ecosystems. They
are involved in the primary production of biomass,
biodiversity, as well as being sources of valuable
natural products. However, studies of polar
prokaryotic and eukaryotic algal species show that
they are able to grow over a wide temperature range
[9]. This psychrotrophic character, and the fact that
their metabolism is similar to that of higher plants
are also compelling arguments that Antarctic algae
are reliable test subjects in solving problems arising
from stressful situations in their habitats.

The study of the changes that occur in the
concentration of biotechnologically valuable antioxidant
pigments (C-phycocyanin, Allo-phycocyanin and f-
carotene) in the algal cells exposed to UV stress
deserves much attention. [10, 11].

The problem for the development of plant
biomarker test systems is particularly relevant in a
national and global scale in relation to strategies for
protecting the genetic resources of crops,
biodiversity and stability of the genome of plant
populations (natural and cultural).

The objectives of this work were to study and
compare the occurring physiological and biochemical
changes in algal cultures of Chlorella vulgaris and
Synechocystis  salina (mesophilic and antractic
isolates) after treatment with UV-B radiation as well
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as following the physiological responses manifested
by alterations in the growth, vitality, content of

photosynthetic ~ pigments, total proteins and
carbohydrates.
MATERIALS AND METHODS

Subjects of this study are antarctic and mesophilic
isolates of the unicellular green alga Chlorella vulgaris
Beyer (Chlorophyta) and unicellular cyanobacterium
Synechocystis salina Wislouch. Antarctic
cyanobacteria Synechocystis salina and green algae
Chlorella vulgaris were isolated respectively from
moss and soil samples collected on Livingston Island,
South Shetland Islands. Mesophilic Synechocystis
salina and Chlorella vulgaris were obtained from the
collection of autotrophic organisms (CCALA) at the
Institute of Botanics- Trebon.

Cultivation of studied cell lines was carried out
intensively up to reaching of stationary phase of
growth. For the two isolates of Chlorella vulgaris
(antarctic and mesophilic) the nutrient broth of Setlik
Simer was used, modifid by Georgiev et al. (1978)
[12] with the following composition: NH4,NO; (0.4
g/l), CO(NH,), (0.3 g/1), MgS0,.7H,O (0.494 ¢/1),
KH,PO,4 (0.17 g/l), NaHCO; (2.0 g/l), trace elements.
Twice diluted medium of Pekarkova et al. (1988)
[13], containing: KNO; (1.24 g/1), K,HPO, (0.62 g/l),
MgS0,.7H,O (2.5 g/1), KCI (8.00 g/l), NaCl (6.26
g/1), KI(0.50 g/1), KBr (0.50 g/1), Ca(NOs), (0.17 g/1),
EDTA (0.0093 g/1), H;BO; (0.0015 g/1), trace
elements; with added NaNOs-1.26 g/I, NaHCO;-3.0
g/l and C;oH14N,03.2H,0-0.20 g/l was used for the
cultivation of the mesophilc and antarctic isolate
Synechocystis  salina. Antarctic and mesophilic
Chlorella vulgaris were cultivated at 26 and 31 °C,
while the two isolates of Synechocystis salina - at 25
and 31 °C, respectively. The growth of algae is done
in glass containers of 200 ml, illuminated surface of
140 cm® with continuous lighting with fluorescent
lamps with light intensity of 180 pmol m? s and
aeration of 100 1 m™ h' air enriched with 2% CO,
[14].

For UV-B irradiation, two ultraviolet-B lamps
(Philips TL 20W/12 RS SLV) with main output at
312 nm were used. A suspension culture from sterile
140 mm Petri dishes, occupying a depth of 0.5 cm
was subjected to artificial UV-B irradiation (280 nm
to 315 nm, 1.5 W-m-2) for 15 min, 30 min, 60 min,
and 240 min. A magnetic stirrer gently agitated the
suspension to ensure uniform exposure. The
irradiance was measured using a power meter
“OPHIR — Nova II Display Rohs” (Israel).
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Algal growth was measured gravimetrically as
absolutely dry weight in an oven at 105 °C for 20
hours. Absolute dry weight (DW) was measured on
an analytical balance.

The viability of cells was determined by
triphenyl tetrazolium chloride test. Two ml of the
algal suspension was placed in centrifuge tubes.
Centrifugation for 20 min at 4600 rpm was
performed, the supernatant is discarded and to the
precipitated cells 5 ml of 0.6% triphenyl tetrazolium
chloride in 0,05M Na,PO, - KH,PO, buffer pH = 7,4
was added. Incubation was performed in a thermostat
at 37 © C for 18-20 hours. After incubation the tubes
are centrifuged and the supernatant discarded. The
precipitated cells were mixed and poured with 2-3 ml
of boiling 95% ethanol, and then placed for 5 minutes
in a pre-boiled water bath. Water insoluble formazan
is extracted most efficiently with ethanol and using
this procedure 98% of the formazans are in the
initiating extraction. After cooling the tubes were
centrifuged and the supernatant was transferred to
graduated test tubes, topped up with ethanol to 10 ml.
The absorbance is measured on a spectrophotometer
at 530 nm (Steponkus and Lanphear, 1967).

The pigments (chlorophyll a, chlorophyll b, -
carotene) were determined after extraction with
methanol. The determination is carried out according
to the absorption spectra on a spectrophotometer at
665, 650 and 460 nm. Calculations are made
according to the formulas of Mc Kinny [16].

C-phycocyanin is isolated and purified by the
method of Minkova et al. (2007). Fresh algal
biomass (800 mg dry weight) was rinsed with
extraction buffer (0.01 M KH,PO4/K,HPO,, pH 6.7),
resuspended in 100 ml of the same buffer, frozen at
—15 °C, thawed and heated at 30 °C for 1 h under
continuous stirring, and left at 4 <C overnight. The
suspension was centrifuged at 18 000 g for 30 min
and the supernatant was considered as a crude
extract. The crude extract (100 ml) was mixed with
10 ml 0.3% (w/v) aqueous rivanol (6,9-diamino-2-
ethoxyacridine lactate, Sigma) solution, left at 4 -C
overnight and centrifuged (step I). This and all
subsequent centrifugations were carried out at 8000
g for 30 min. The supernatant was subjected to a
second rivanol treatment (step II) as described in
step 1. The supernatant was saturated up to 40%
(v/v) with ammonium sulfate and centrifuged. The
precipitate was dissolved in 25 ml of extraction
buffer and centrifuged. To remove the rivanol, the
solution was applied on a Sephadex G-25 (coarse)
column (50.0 cm x 2.0 cm) pre-equilibrated and
eluted with the same extraction buffer (step III). The



Ecological Engineering and Environment Protection, No 1, 2017, p. 73-82

blue eluate was saturated to 70% (v/v) with
ammonium sulfate and centrifuged. The precipitate
was dissolved in 20 ml of extraction buffer and after
subsequent centrifugation the C-phycocyanin-rich
solution was obtained (step IV). [17]. The content
of C- and allo-phycocyanin was calculated by the
equations described by Siegelmann and Kycia [18].

RESULTS AND DISCUSSION

Biomass production and viability of algal cells
exposed to UV-B radiation was followed, as well as
the comparison between the antarctic and mesophilic
isolates of Chlorella vulgaris (Fig. 1 A, B).
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Fig. 1. Growth of Chlorella vulgaris after irradiation with UV-B as a consequence of 48 h and 72 h of
cultivation, (A) - antarctic, (B) — mesophilic

The results show that the antarctic isolate Ch.
vulgaris, compared with the mesophile up to 72 h
showed tolerance to short exposures to radiation,
expressed in a slight growth stimulation (Fig. 1 B).
The mesophilic analogue was more sensitive even
to the shortest exposures and they lead to
suppression of biomass synthesis (Fig. 1B). This
finding was confirmed by the vitality of cells (Fig.

3). In the antarctic Ch. vulgaris after slight
irradiation (15 min) a slight increase in cell viability
was recorded (Fig. 3 A), while in the mesophilic -
viability decreased at all applied durations of
radiation (Fig. 3 B). Figure 2 shows the cells of both
investigated strains after application of UV-B
radiation estimated by triphenyl tetrazolium

chloride test.

Fig. 2. Light microscopy images showing determination of the viability of both (A) Chlorella vulgaris and
(B) Synechocystis salina after application of UV-B radiation by Triphenyl tetrazolium chloride test. The red
formazan crystals are as a result from the enzymatic reactions indicative of a high vitality.
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Fig. 3. Viability of Chlorella vulgaris after irradiation with UV-B-as at 48 h and 72 h of cultivation, (A) —
antarctic and (B) - mesophilic.

The results shown in Fig. 4 (A, B) indicate that
the antarctic isolate of S. salina reacted with an
enhanced growth after short-term exposure to UV-B
stimulation which is maintained until 72 h of
cultivation under optimal conditions. The long-term
(30 min) exposure lead to strong inhibition of the
synthesis of biomass. In comparison with the
antarctic cyanobacterium, the mesophilic one was
more sensitive to UV-B radiation and reacted with
inhibition of growth even at the weakest irradiation
(15 min) (Fig. 4 A, B).

The vitality of the cells responded adequately to
the growth curve. In the antarctic isolate of S. salina
low UV-BR exposures caused a slight increase (3%)
of the cell \wviability. In the mesophilic
cyanobacterium viability began to decrease further
after 15 min exposure (Fig. 5 A, B).

The antarctic isolates of Ch. vulgaris and S.
salina compared with the mesophilic ones - up to 72
h showed tolerance to low exposures of radiation,
expressed in a slight stimulation of growth and
viability of the cells.
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Changes in the pigment content - chlorophyll a,
chlorophyll b, B-carotene, C-phycocyanin and allo-
phycocyanin in the cells of antarctic and mesophilic
isolates of Chlorella vulgaris and Synechocystis
salina exposed to UV-B irradiation were estimated.
Short term (15 min) UV-B irradiation of cells of
antarctic Ch. vulgaris and S. salina lead to
increasing the amount of chlorophyll a with 24%
and B-carotene with 8, 3% (Fig. 6 A, Fig. 7 A ).
Meanwhile, mesophilic analogues reacted with a
decrease in chlorophyll content in all tested
exposures

(Fig.6 B and Fig. 7 B). The content of carotens
increased at short exposures, in the antarctic as well
as in the mesophilic analogues of cyanobacteria and
green microalgae. In the antarctic S. salina,
however, the content of B-carotene increased twice
compared to the increase recorded for the mesophilic
strain. Thus, the increase of B-carotene for antarctic
S. salina was 37, 5% with respect to the control, and
in the mesophile - 17. 9% (Fig. 7, Fig. 9).
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Fig. 4. Growth of S. salina, 48h and 72h after treatment with UV-B. (A)-antarctic, (B)-mesophilic isolate.
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Fig. 5. Vitality of S. salina 48 h and 72 h after irradiation with UV-B. (A) - antarctic, (B) - mesophilic isolate

Chlorophyll content can be an indicator in concentration of carotene in the cases of tolerable
assessing the sensitivity to UV-B stress. Antarctic oxidative stress caused by UV-BR, in the antarctic
isolates showed greater resistance to low doses of as well as in mesophilic isolates proved the
UV-BR, manifested by stimulation of the synthesis  possibility these pigments to be regarded as markers,
of chlorophyll a and p-carotene. An elevated non-enzymatic antioxidant protectors.
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Fig. 6. Effects of UV-B irradiation on Ch. vulgaris chlorophyll @ and chlorophyll b content after 48 h.
Cultivation under optimum conditions (A) - antarctic, (B) - mesophilic isolate.
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Fig. 7. Effects of UV-B irradiation on Ch. vulgaris B-carotene content after 48 h. Cultivation under optimum
conditions (A) - antarctic, (B) - mesophilic isolate.
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Fig. 8. Effect of UV-B irradiation on S. sal/ina chlorophyll a content after 48 h. Cultivation under optimum
conditions. (A) - antarctic, (B) - mesophilic isolate.
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Fig. 9. Effects of UV-B irradiation on S. salina B-carotene content after 48 h cultivation under optimum
conditions (A) - antarctic, (B) - mesophilic isolate.

Comparable study of the dynamic changes in
the content of phycobiliproteins after UV-BR in the
biomass of antarctic and mesophilic isolates of the

cyanobacterium S. salina showed that short

z 221 A —»—42h
B —3—72h
%
E 17 4

12 4

T

2 T T T T T

C 15 30 80 120 240
UN/-B Exposifon (min}

exposures increased the C-phycocyanin and allo-
phycocyanin. At the same time the mesophilic
isolate reacted with their reduction at all investigated
exposures (Fig. 10, Fig. 11).
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Fig. 10. Content of C-phycocyanin in the biomass of S. salina after irradiation with UV-B after 48 h and 72 h
(A) - antarctic, (B) - mesophilic isolate.

78



Ecological Engineering and Environment Protection, No 1, 2017, p. 73-82

g A —e—42h
% - —O—TZh
F g
] 4

3

2 4

1 4

0 T T T

C 15 30 &0 120 240
U%-B Exposition (min. }

=c_
5 2 B —e—48h
= —0— 7Zh
o 4_ h
E

3 -

2

1

0 T

0 15 30 G0 240
LW -B Expostion  {min.)

Fig. 11. Contents of Allo-phycocyanin in biomass of S. salina after irradiation with UV-B after 48 h and 72 h
(A) - antarctic, (B) - mesophilic isolate.

In the antarctic isolates of S. salina, brief
exposure to UV-B radiation lead to an increase in
the amount of C-phycocyanin and allo-
phycocyanine. This indicates that the antarctic
strains have developed protective strategies against
UV-BR by increasing the concentration of the
phycobiliproteins. In Antarctic cyanobacteria,
phycobiliproteins can be identified as sensitive and
fast responsive markers of oxidative stress that could
also activate the antioxidant defense mechanisms.

The synthesis of microalgal biomass in different
habitats with different conditions is essential as
algae contribute to the primary production of
biomass in these areas. UV-B radiation with high
intensity significantly inhibited the growth of
Antarctic phytoplankton [19]. UV-BR results in a
decrease of photosynthesis and photosynthetic
pigments, a circumstance, which reflects in synthesis
of a less amount of biomass [19, 20]. The effect of
UV-B on economically important red macroalgae
also leads to a reduction in vitality [21]. Meanwhile,
tetraspores of Irideae cordata show good tolerance
to UV radiation [22], from which follows that the
resistance to UV radiation is species specific, and is
influenced by the ontogenetic stage of affected algal
organism.

The study of antarctic algae that are under
increased UV radiation, as models of survival are
logically motivated [23] as the unicellular green
algae, particularly cyanobacteria, are extremely
resistant to the action of different extreme
environmental conditions. In antarctic green algae
and cyanobacteria, increased UV radiation leads to
an overall reduction in photosynthesis [24, 5].
Studies with endemic antarctic algae of the genus
Palmaria showed that photosynthetic activity and
pigment content depends on the length of exposure
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to visible light [25]. After investigations on antarctic
plankton it was suggested that the established
resistance to UV radiation is probably due to
protection from the contained in algae phycoerythrin
[26] and phycocyanin [27]. According to our results,
blue-green algae S. salina showed better adaptation
by increased growth at short exposures. The same
authors indicate that photosynthetic microorganisms
habitats exposed to high UV stress, have developed
a strategy for survival through changes in the
primary (chlorophylls) and secondary
(phycocyanins) photosynthetic pigments, and they
are typical biomarkers for UV screening. Under UV-
B effects it was considered that the phycobilisome in
which phycobiliproteins are concentrated, play an
important role in photoprotection. On the other hand
they capture light that chlorophyll a can not adsorb
and deliver it to Photosystem II [11]. As an
expression of a defense mechanism for the recovery
of cells Lyngbia estuarii, subjected to enhanced UV
radiation progressively increased content of [-
carotenes is recorded [28]. Achieved in this way
protection is due to the screening functions of these
pigments, free radical scavenging [29].

The behaviour of photosynthetic pigments
depends on the dose of radiation. So for Chlorella
sp. it has been found that UV-B radiation at lower
doses increases the photosynthetic pigment
chlorophyll a and carotenoid content, while at higher
doses their values decrease [30]. Our findings for the
increase in the content of carotenoids can be
explained by the fact that they are the most
prominent antioxidants among lipophilic
compounds. They cause accumulation of singlet
oxygen through the suppression of the energy as
heat [31]. Moreover carotenoids  protect
Photosystem II from photoinhibition [32]. Cells of
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Chlorella sp., affected by low dose UV-B radiation
increase fB-caroten content, and at higher doses it
reduces [30].

Similar to our findings about the reduction of
the content of phycobiliproteins in cells of S. salina
after UV-B radiation, a number of authors reported a
similar reaction in other cyanobacteria and
representatives of Rhodophyta [20].

CONCLUSIONS

Antarctic algae are more resistant to oxidative
stress than their mesophilic counterparts. In a
comparative study the effect of UV-B radiation on
the behavior of pigments in the antarctic and
mesophilic cyanobacterium S. salina was found that
the antarctic cyanobacteria respond with an increase
in the content of c- and allo-phycocyanins,
chlorophyll a and B-carotene at the lowest UV- B
exposure (15 min.). This is evidence that as a result
of increased UV-B background in antarctic isolates
stronger antioxidant defence mechanisms are
triggered, which proved the possibility of using them
as markers of oxidative stress. Detailed clarification
of the effects of UV-B radiation on living organisms,
in particular plants is a topic issue and represents a
wide field of research related to biodiversity
conservation and environmental protection.
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OU3NOJIOT'NMYHU U BUOXUMHNWYHU TPOMEHMU B KYJITYPU OT
BOAOPACJIN CHLORELLA VULGARIS N SYNECHOCYSTIS SALINA
(ME30®UJIHU U AHTAPKTHYECKU U30JIATHN) HACTBIIBAIIIN CJIE]
INPUJIAT'AHE HA UV-B U3JIBUBAHE

Hunsaa Jlonesa, FOmusna Msanosa, JIroqmria KabanBanoBa

PE3IOME. B wHacrosiioroce u3cienBaHe € HM3BBPLICHO Mpe/eisHEe MPOAyKIHMATa Ha OuomMaca H
XKHU3HECIIOCOOHOCT Ha BopopaciioBu kietku Ha Chlorella vulgaris n Synechocystis salina monnoxxeHu Ha
UV-B paauanusi, 3aeqH0 CbC CpaBHSABaHE HA ME30(MIHUTE U aHTAPKTHYECKH M30JIaTH HA JBaTa U3CICABAHU
mama. OmpeneneHo € ChIbPKAHUETO Ha MNUIMEHTUTE: Xjopodun a, xmopodun 6, P-kaporuH, C-
¢uxounanuH u ano-pukonMaHuH BBB Bojopaciure, cien UV-B pagmanums. Ilomyuenure pesynraTu
MOKa3BaT, Y€ AaHTAPKTHYECKUTE BOJOPACIH Ca IO-YCTOHYMBM Ha OKCHIATHBEH CTPEC, OTKOJIKOTO
CBHOTBETHUTE UM ME30(QMIIHH U30JaTH. AHTapKTH4ecKuTe nzonatu ot Ch. vulgaris u S. Salina B cpaBHeHUE C
Me30HITHHTE - 0 72 Yac TOKa3BaT TOJEPaHTHOCT KbM HHCKH €KCIIO3WIMK Ha pajfals, U3pa3eHa B JIEKO
CTUMYJIpPaHE Ha pacTeka M )KU3HECHOCOOHOCTTA Ha KIETKUTE. AHTAPKTUYECKUTE U30JIaTH MOKA3BaT ChILO
MO-TOJIsIMa YCTOMYMBOCT Ha HUCKHU 103U oT UV-B panuanus, nposiseHa 4pe3 CTUMYJMpaHE HA CUHTE3a Ha
xnmopodun a u B-kapotuH. PeructpupaHoTo yBenmyaBaHe Ha KOMUYECTBOTO Ha C- W ano-pUKOLMAHHWH B
aHTApKTUYECKUTE M30/MaTH Ha S. Salina mokasa, 4e Te ca pa3sBWIM 3allUTHU cTpareruu cpemy UV-B
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pajuanus 4pe3 yBelInuaBaHe Ha KOHIEHTpalusTa Ha GukoOmwmnporennd. B pe3ynrar Ha nmoBuiieH ¢oH
Ha UV-B 1npu aHTapkTHYECKUTE U30JaTU C€ 3aJCHUCTBAT CUJIHU AHTUOKCUAAHT 3allUTHU
MEXAHU3MH, KOETO HAOKa3Ba BH3MOKHOCTTA 3a M3IIOJI3BAHETO UM KaTO MapKepHU Ha OKCUIATUBEH
cTpec.

KiarouoBu qymu: BoIOpaciv, aHTapkTU4eCKH n3onati, UV-00buBaHe, OMOXMMUYHH TPOMEHHU
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