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KHY imeHi Tapaca LLleB4yeHka, Kuis

BIKOBI OCOBJIMBOCTI TPAHCMNOPTY BOAW TA ENEKTPOJITIB YEPE3 EFIITEVJ'III?I TOBCTOI KULLKW LLIYPIB
TA IX KOPEKUIA MYJNIbTUMPOBIOTUKOM CUMBITEP ALLUAODITIbHUN KOHLIEHTPOBAHUU

HocnidxeHo mpaHcnopm eodu i enekmponimie 4Yepe3 enimenili moecmoi KUWKu y ujypie pi3Ho2o eiky. BcmaHoesneHo, wo y siyi 21-20 ma
24-x micsiuie ecMokmyeaHHs1 80du ma iorie Na* i CI 3Hauywe 36inbwyemncs, wio € oOHIE0 3 NPUYUH UHUKHEHHS 3akpenie. lMepioduyHe dodaeaH-
HA 00 cmaHdapmHOoz0 KopMmy Mynabmunpo6iomuka "Cum6imep® ayudoginbHull” KoHuenmposanuli (0,14 mn/kz) 3anobizac eikosum 3miHam y

mpaHcrnopmi eodu i enekmpornimie 4epe3 enimenili moecmoi Kuwku.

Knioyoei cnoea: moscmuil Kuwe4HuK, cymapHuli nomik 6odu ma ionie Na* i CI, Mynsmunpo6iomux.
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KHY nmenu Tapaca LLleB4eHko, KueB

BO3PACTHbIE U3MEHEHUSA TPAHCIOPTA BO[bl U 9NEKTPONUTOB YEPE3 SMUTENUA
TOJNICTOIO KNLWWEYHUKA KPbIC . .
N X KOPEKLIUA MYNbTUNMTPOBUOTUKOM CUMBUTEP ALLUAO®UITIbHbIM KOHLIEHTPUPOBAHbIU

HccnedoeaHbl mpaHcrniopm 600kl U 3/1I€KMPOSIUMOE Yepe3 anumesnul mosicmoli KUWKU Y KPbIC pa3HO20 eo3pacma. YcmaHoeJsieHo, Ymo &
eospacme 21-20 u 24-x mecsyes ecacbleaHusi 800kl u uoHoe Na* u Cl sHauumMoe yeenuyueaemcs, 4mo sienisiemcsi 00Holl U3 NPUYUH 803HUKHOGe-
HUs1 3aropoe y KpbIC MOXUs020 U cmap4Yyecko2o eo3pacma. lepuoduyeckoe dobaesieHue kK cmaHdapmHoMy Kopmy mynbmunpo6uomuka "Cum6bu-
mep ® ayudounbHbIl" KOHYeHmpuposaHHbIl (0,14 mn/k2) npedomepaujaem 8o3pacmHble U3MEHEHUsI 8 mpaHcropme 800bl U 3/IeKMPOIUMo8

4Yepe3 anumesnul mosicmou KUWKuU.

Knioyegble crioea: moncmeiii KUWEYHUK, CyMMapHbIl nomok eodsl u uoHoe Na* u CI, Mynsmunpo6uomuk.
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DETECTION OF SOME VIRUS PATHOGENS
OF CACTUS IN UKRANIAN BOTANICAL GARDENS

Cactus collections of some Ukrainian botanical gardens were analyzed for virus contamination. Different virus-like symptoms
including mosaics, chlorosis and local necroses have been detected on cactus plants in these collections. Biological properties
of isolated viruses were defined by the methods of bioassay, transmission electron microscopy and indirect ELISA.

Key words: ELISA, isolated viruses, cactus.

Introduction: The Cactaceae are mostly spiny succu-
lents with photosynthetic stems comprising 200 genera and
more than 2,000 species [1]. Cactuses have been the ob-
ject of amateur and professional botanical collectors be-
cause of unusual structures and exceptionally colorful and
beautiful blossoms. Huge variety of cactus species coupled
with their distinctive ecological and biological characteris-
tics cause a number of difficulties associated primarily with
cultivation of these plants in the greenhouses. Due to the
ordinary vegetative propagation and long-term cultivation of
cactus plants in the same collections, these plants may
serve as reservoirs of different viruses.

In accordance with literary data about 11 viruses are able
to affect the members of Cactaceae family: Cactus virus
X(CVX), Schlumbergera virus X (SVX), Opuntia virus X
(OVX), Zygocactus virus X (ZVX), Saguaro cactus virus
(SCV), Sammons' Opuntia virus (SOV), Cactus virus 2 (CV2),
Cactus mild mottle virus (CMMoV), Rattail cactus necrosis-
associated virus (RCNAV), Impatiens necrotic spot virus
(INSV) and Tomato spot wilt virus (TSWV) [3, 4, 5, 6, 7, 8].

That's why the aim of our work was to analyze collection of
cactus in Ukrainian botanical gardens for virus contamination.

Materials and methods: The material for investigation
was collected in different Ukrainian botanical gardens: Do-
netsk botanical garden of the National Academy of Sci-

ences of Ukraine, Botanical garden of Ivan Franko National
university of Lviv, Botanical garden of Odessa I|.I. Mech-
nikov National university, Karazin' Botanic Garden of
Kharkiv National University, Nikitsky Botanical Garden —
National Scientific Centre. For detection and identification
of viruses 67 samples of different cactus cultivars were
selected. For the biological characteristics of the pathogen
we used the method of bioassay. Infectivity of plant sap
was confirmed proved using indicators plants such as
Chenopodium murale, Celosia cristata, Datura stramonium,
Gomphrena globosa, Chenopodium murale, Nicotiana ta-
bacum, Nicotiana rustica. These plants are typical test-
plants for majority cactus viruses.

Virus identification was carried out using indirect ELISA
[2]. Samples were tested by ELISA with serums to Tobaco
mosaic virus (TMV) (antiserum obtained at the virology
department, the sensitivity and specificity confirmed ex-
perimentally), Potato virus S (PVS), Potato virus M (PVM),
Potato virus X (PVX) (Institute of Agricultural Microbiology,
Ukrainian Academy of Agrarian Sciences, Chernigiv), To-
mato spotted wilt virus (TSWV), Impatiens necrotic spot
virus (INSV) (Loewe, Germany).

The morphology of virions was studied in leaf dip
preparations negatively stained with 2% uranyl acetate.
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electron microscopy was carried out using a JEOL-1400
electron microscope at the magnification 30 000 [7].
Results and discussion: Cactus plants demonstrated
different symptoms of virus infection. On plants Mammilaria
zeilmanniana, Opuntia sp. (from collection of the Donetsk
botanical garden of the National Academy of Sciences of
Ukraine), Ferocactus echidne, Gymnocalycium sp., Opun-
tia sp. (from collection of Botanical garden of Ilvan Franko
National university of Lviv), Mammillaria nivosa, Opuntia
sp. (from collection of Botanical garden of Odessa
I.I. Mechnikov National university), Mamillaria microhelia,
Ferocactus sp., Thelocactus chrenbergii, Trichocereus

bridgesii, Mamillaria magnimamma, Opuntia sp., Cereus
sp., Astrophytum capricorne, Cereus sp., Astrophytum
myriostigma (from greenhouse collection of Nikitsky Bo-
tanical Garden) and Ritterocereus pruinosus (from the col-
lection of Karazin' Botanic Garden of Kharkiv National Uni-
versity) we observed mosaic symptoms. On plants Ausro-
cylindropuntia tunicata, Monvillea sp., Sulcorebutia sp.,
Bolivicereus samupatanus, Opuntia sp., Astrophytum
myriostigma v. nudum from greenhouse collection of Nikit-
sky Botanical Garden — National Scientific Centre the
symptoms of necrosis had been detected (Fig.1. A., B.).

Fig.1. Symptoms of cactus plants:
A. Mosaic on stem of Opuntia sp. from the collection of Botanical garden of Odessa I.I. Mechnikov National University
B. Chlorosis and necrotic spots on stem of Opuntia microdasys from the collection
of Fomin Botanical Garden of Taras Shevchenko National university of Kyiv

To investigate the biological characteristics of viruses
and their diversity samples of cactus with visual symptoms of
disease were selected. All samples were tested for indicator
plants typical for cactus virus (Celosia argentea, Celosia
cristata, Gomphrena globosa, Chenopodium amaranticolor,
Chenopodium murale, Nicotiana tabacum, Nicotiana rus-
tica). Local necrosis on the leaves of plants Chenopodium
murale and Gomphrena globosa are typical evidence of a
cactus X virus [3, 5, 6]. In Nicotiana tabacum and Nicotiana
rustica the symptoms observed included small localized
chlorotic lesions and in some plants systemic damage.

According to ELISA datas antigens of CVX were de-
tected in plants matherial of Mammilaria zeilmanniana,
Opuntia sp., Ferocactus echidne, Gymnocalycium sp.,
Opuntia sp., Mammillaria nivosa, Opuntia sp., Consolea
rubescens, Caralluma sp., Echinocereus sp., Opuntia bra-
siliensis, Opuntia microdasys v. rufida, Opuntia sp. and
Pereskia aculeata v. godseffiana, Monvillea sp., Sulcorebu-
tia sp., Bolivicereus samupatanus, Opuntia sp., Ferocactus
sp. Chamaecereus silvestrii f. cristata, Echinopsis sp. f.
cristata, Echinocereus pectinatus f. cristata, and Mammil-
laria elongata f. cristata, Rifterocereus pruinosus, Opuntia
sp., Cereus sp., Astrophytum capricorne, Astrophytum
myriostigma, Astrophytum myriostigma v. nudum. Accord-
ing to ELISA datas antigens of CV2 were detected in plants
Mammilaria  zeilmanniana, Opuntia sp., Ferocactus
echidne, Gymnocalycium sp., Opuntia sp., Mammillaria
nivosa, Opuntia sp., Consolea rubescens, Caralluma sp.,
Echinocereus sp., Opuntia brasiliensis, Opuntia microda-
sys v. rufida, Opuntia sp. and Pereskia aculeata v. godsef-
fiana and Monvillea sp., Sulcorebutia sp., Bolivicereus
samupatanus, Opuntia sp., Ferocactus sp.

To study the morphology of the pathogen we carried
out transmission electron microscopy. In the plant sap of
Mammilaria zeilmanniana, Opuntia sp. (collection of the

Donetsk botanical garden of the National Academy of Sci-
ences of Ukraine), Ferocactus echidne, Gymnocalycium
sp., Opuntia sp. (collection of Botanical garden of Ivan
Franko National university of Lviv), Mammillaria nivosa,
Opuntia sp. (collection of Botanical garden of Odessa
I.I. Mechnikov National university), Consolea rubescens,
Caralluma sp., Echinocereus sp., Opuntia brasiliensis,
Opuntia microdasys v. rufida, Opuntia sp. and Pereskia
aculeata v. godseffiana (collection of Fomin Botanical Gar-
den of Taras Shevchenko National university of Kyiv) and
Monvillea sp., Sulcorebutia sp., Bolivicereus samupatanus,
Opuntia sp., Ferocactus sp. (collection of Nikitsky Botanical
Garden — National Scientific Centre) we registered filamen-
tous virions with size 580 x 13 nm which is typical Cactus
virus X. In the plant sap of Opuntia sp. (collection of Bo-
tanical garden of Odessa I.I. Mechnikov National univer-
sity), Opuntia sp. (collection of Botanical garden of Ivan
Franko National university of Lviv), Gymnocalycium mi-
hanovichii v. friedrichii, Mammillaria magnimamma, Mam-
millaria microhelia, Opuntia sp. and fasciated plants of
Chamaecereus silvestrii f. cristata, Echinopsis sp. f.
cristata, Echinocereus pectinatus f. cristata, and Mammil-
laria elongata f. cristata (collection of Fomin Botanical
Garden of Taras Shevchenko National university of Kyiv),
Ritterocereus pruinosus from the collection of Karazin'
Botanic Garden of Kharkiv National University, Opuntia sp.,
Cereus sp., Astrophytum capricorne, Astrophytum myrio-
stigma, Astrophytum myriostigma v. nudum (collection of
Nikitsky Botanical Garden — National Scientific Centre)
we registered filamentous virions with 650 x 12 nm
(Fig.2), which is typical for Cactus virus 2. It was also
found rod-shaped particle with size of 317 x 18 nm, which
is typical for tobamovirus in fasciated plants of Echinopsis
sp. f. cristata and Mammillaria elongata f. cristata.
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Fig.2. Electron micrograph of filamentous virus-like particles from plant material from:
A- Mammillaria elongata f. cristata
B- Opuntia brasiliensis

Comparing the results of bioassay, EM and ELISA tests
CV2 had been detected in such plants as: Mammilaria
zeilmanniana, Opuntia sp. (collection of the Donetsk bo-
tanical garden of the National Academy of Sciences of
Ukraine), Ferocactus echidne, Gymnocalycium sp., Opun-
tia sp. (collection of Botanical garden of lvan Franko Na-
tional university of Lviv), Mammillaria nivosa, Opuntia sp.
(collection of Botanical garden of Odessa I|.I. Mechnikov
National university), Consolea rubescens, Caralluma sp.,
Echinocereus sp., Opuntia brasiliensis, Opuntia microda-
sys v. rufida, Opuntia sp. and Pereskia aculeata v. godsef-
fiana (collection of Fomin Botanical Garden of Taras
Shevchenko National university of Kyiv) and Monvillea sp.,
Sulcorebutia sp., Bolivicereus samupatanus, Opuntia sp.,
Ferocactus sp. (collection of Nikitsky Botanical Garden —
National Scientific Centre).

CVX has been identified in plants of Opuntia sp. from
collection of Botanical garden of Odessa |.I. Mechnikov
National university, Opuntia sp. from collection of Botanical
garden of lvan Franko National university of Lviv, Gymno-
calycium mihanovichii v. friedrichii, Mammillaria magni-
mamma, Mammillaria microhelia, Opuntia sp. and fasciated
plants of Chamaecereus silvestrii f. cristata, Echinopsis sp.
f. cristata, Echinocereus pectinatus f. cristata, and Mammil-
laria elongata f. cristata from the collection of Fomin Bo-
tanical Garden of Taras Shevchenko National university of
Kyiv, in plants of Ritterocereus pruinosus from the collec-
tion of Karazin' Botanic Garden of Kharkiv National Univer-
sity, Opuntia sp., Cereus sp., Astrophytum capricorne, As-
trophytum myriostigma, Astrophytum myriostigma v.
nudum from the collection of Nikitsky Botanical Garden —
National Scientific Centre. Attracts attention the fact that
CVX was in the all botanical gardens, but the species com-
position of affected plants was different. It should be noted
that in all the studied collections plants of the genus Opun-
tia were the most infected

Moreover, virus related to tobamoviruses has been de-
tected in plants of Echinopsis sp. f. cristata and Mammil-
laria elongata f. cristata from the collection of Fomin Bo-
tanical Garden of Taras Shevchenko National university of
Kyiv. Definitive identification of this virus requires additional

research because there are three different tobamoviruses
which are able to infect the cactus plants.

Conclusions: Summarizing the obtained results it is
possible to assert that collections of Donetsk botanical gar-
den of the National Academy of Sciences of Ukraine, Bo-
tanical garden of Ivan Franko National university of Lviv,
Botanical garden of Odessa |.I. Mechnikov National univer-
sity, Karazin' Botanic Garden of Kharkiv National Univer-
sity, Nikitsky Botanical Garden — National Scientific Centre
were contaminated by Cactus virus X and Cactus virus 2. It
should be noted that before being placed in a greenhouse
cactuses had not been tested for presence of viral patho-
gens. Besides the pests (nematodes) and mites had been
registrated in some plants with the viral symptoms. Al-
though ability of vector transmission not proven for majority
of cactus viruses, it is possible that the presence of pests
and non-viral disease causing deterioration of the physio-
logical state of the plants. In addition, cactuses could sup-
port reproduction of viruses other types of plants and, thus,
be the reservoirs of plant virus infections. A timely detec-
tion and continuous monitoring of cactus viruses is a main
part of the system of plant virus protection.
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KHY imeHi Tapaca LLleB4yeHka, KuiB

OETEKUIA OEAKUX BIPYCHUX NATOIEHIB KAKTYCIB B BOTAHIYHUX CAOAX YKPAIHU
Konekuii kakmycoeux npoeidHux ykpaiHcbKux 6omaHi4yHux cadie 6ynu npoaHanizoeaHi Ha HasieHicmb eipycHol iHgekyii. Ha kakmycax 6ynu
susiesieHi pi3Hi 8ipyconodi6bHi cuMnmomu, ek/Ir0Hal0yYu MO3aiKu, XJ10pO3U ma JIoKasbHi Hekpo3u. BionoziyHi enacmueocmi demexkmoeaHux eipycie
esu3Hayanu memodamu 6ios102i4H020 mecmyeaHHsI, elIeKMpPOHHOI MiKPOCKOMIT ma HenpsiMo20 iMyHOghepMeHmMHOo20 aHani3y.

Knroyoei cnoea:imyHoghepmeHmHuli aHanis, eipycu pociuH, kKakmycu.
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KHY nmenu Tapaca LLleB4yeHko, KueB

OETEKUMNA HEKOTOPbLIX BUPYCHbIX MATOFEHOB KAKTYCOB B BOTAHUYECKUX CAOAX YKPAUHbDI
Konnekyuu kakmycoebix eedywjux ykpauHckux 6omaHu4eckux cadoe 6bi1u npoaHanu3upoeaHbl Ha Hanu4ue eupycHol uHgekyuu. Ha kakmy-
cax 6bi/u ebisi8/IeHbl Pa3/ludHblie 8UPyconodobHble CUMMNMOMBI, 8K/II0Yasi MO3auKu, XJI0pO3 U JIOKallbHble Hekpo3bl. buosozuyeckue ceolicmea
demeKmupoeaHHbIX eupycoe onpedessiiu Memodamu 6uU0sI02U4eCKO20 Mecmupo8aHusi, /IEKMPOHHOU MUKPOCKOMNUU U KOC8EHHO20 UMMYHoOgep-
MeHMHO20 aHasnus3a.
Knrovesble crnosa: uMMmyHoghepMeHMHbIU aHanu3, 8UPycbl pacmeHul, KaKmychbl.
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ETHANOL EFFECT ON BIOPRODUCTIVITY, PHOTOSYNTHESIS AND RESPIRATION
OF MICROALGA CHLAMYDOMONAS REINHARDTII

Some organic compounds may significantly stimulate the growth of unicellular green alga Chlamydomonas reinhardtii.
Among them the most effective growth enhancers are acetate and monohydric alcohol methanol. The aim of the present work
was studying the effect on the productivity of C. reinhartdii another alcohol — ethanol, which transforms into acetic acid in the
process of intracellular oxidation. The results showed that in the presence of ethanol respiration was stimulated, photosynthesis
inhibited and the growth of the culture stopped. We concluded that the cause of growth inhibition of C. reinhartdii was pH decline
of the cultural medium due to oxidation of ethanol to acetic acid.

Keywords: Chlamydomonas reinhardtii, photosynthesis, respiration, ethanol, mixotrophy.

Introduction. The green alga Chlamydomonas
reinhardtii has importance as model for many biotechno-
logical processes and algal biofuels [17]. Availability of a
sequenced genome [10], a proteomic database [9], and
metabolomics protocols [8] benefits the use of Chlamydo-
monas to establish many fundamental aspects of metabolic
control in photoautotrophic organisms [8]. It can grow either
photosynthetically in the light with atmospheric CO, as the
sole carbon source, or under heterotrophic conditions in
the dark using various exogenic carbon sources added to
the growth medium or else mixotrophic conditions (light
and carbon sources). Under all conditions, C. reinhardtii
remains green and retains a normally developed chloro-
plast, which can thus metabolize a variety of carbon
sources as located in the chloroplast (starch) or assimilated
through the cytosol of the cultural medium [12].

Significant stimulation of microalgae growth by exo-
genic methanol at mixotrophic cultivation was shown for
unicellular green algae Chlorella minutissima, Scenedes-
mus obliquus [16], Botryococcus braunii [12] as well as
C. reinhardtii [2]. Another alcohol — 2-carbon ethanol, fol-
lowing methanol in the homologous series of monohydric
alcohols, is able to enhance the growth of microalga Eu-
glena gracilis, being one of the most efficient carbon
sources for this microalga [19]. Acetate, the product of
ethanol oxidation, strongly stimulates C. reinhardtii growth [6].
C. reinhardtii is capable of heterotrophic and mixotrophic
growth utilizing acetate as a source of carbon and energy.

In microanaerobiosis, which is naturally formed in habi-
tat of microalgae when the respiration rate exceeds the
rate of photosynthesis, the cells of C. reinhartdii excrete
ethanol, formate and acetate [7]. Acetate can be metabo-
lised to triose by an ATP-dependent entry into the glyoxy-
late or Krebs cycle to produce reducing equivalents, which
can be used to reduce the plastoquinone pool [11]. It is
incorporated into acetyl coenzyme A (acetyl-CoA) following
two possible pathways: a direct conversion with acetyl-CoA
synthetase or a two-step reaction involving acetate kinase
and phosphate acetyltransferase. Acetyl-CoA enters into
the glyoxylate cycle, where it is converted to succinate.
Succinate is further utilized in the Krebs cycle. The carbon
of ethanol, like in methanol, is oxidised to CO- at the final
stage and may supplied as a substrate for photosynthesis.

From other hand, it was established that the addition of
0.3% v/v ethanol in the culture medium of Dunaliella viridis

accompanied by cessation of culture growth and increased
intracellular concentrations of DNA, RNA and total protein
[1]. Ethanol increases ploidy of the cells and inhibits their
metabolism. Microalgae pass from dormancy to intense
growth after removal of ethanol from the cultural medium. It
was found toxic effects of ethanol on the growth of Chlorella
vulgaris and Selenastrum capricornutum, ethanol inhibited
the growth of these algae at a concentration of 0.05% [4].

The ability of exogenic ethanol to regulate productivity
of C. reinhartdii under aerobic conditions in the light and in
the dark has not been investigated. The aim of our study
was to determine the effect of exogenic ethanol on produc-
tivity of batch culture of C. reinhartdii and its effect on pho-
tosynthesis and respiration.

Materials and methods. Unicellular green alga Chla-
mydomonas reinhartdii was obtained from the microalgae
collection of Kholodny Botany Institute of NAS of Ukraine
(IBASU-B — 163). Batch autotrophic cultures were grown
on liquid Kessler's medium [3] in 0.5 | flasks with magnetic
stirrer agitation at room temperature. 24 h white fluorescent
light with 100 pumol photons-m'z-s'1 on the surface of flasks
was used. The ethanol effects were studied at the stage of
exponential growth phase of batch culture. The packed cell
volume (PCV) was determined as a measure for the bio-
mass accumulation. The PCV, the volume of the cell pellet
in yl, was measured by the centrifugation of a defined vol-
ume of the cell suspensions at 1400xg for 5 min in haema-
tocrite tubes [13]. The chlorophylls (Chl) were determined
spectrophotometerically in ethanolic extracts by the method
of Wintermans and De-Mots [18]. The concentration of
chlorophylls was calculated using the formulas: Chl a
=13,70(A665-A750)-5,76(A649-A750); Chl b =25,80(A649-A75o)-
7,60(Ass5-A7s0); Chla+b = 6,10(Ass5-A750)+20,04(Assg-Ars0).

Intensity of visible photosynthesis (A) and dark respira-
tion (R) was determined in the gas phase above the sus-
pension of algae by IRGA method with QUBIT Systems
S151 Carbon Dioxide Analyzer (Canada). Gas flow rate
was 0.4 I/min and the concentration of carbon dioxide —
700-800 uM. Gas exchange measurements were carried
out in a thermostated glass cell filled by 2 ml of concen-
trated suspension of microalgae (30-40 mg/I of chlorophyll).
The rate of carbon dioxide uptake was determined under
illumination with light intensity of 350 mol photons-m'z-s'1.
Dark respiration measured with a low content CO5 in the
gas space above the suspension of microalgae after turn-
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