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OF CHLAMYDOMONAS REINHARDTII CELLS INDUCED
BY METHANOL

© 2012 S. S. Stepanov, N. O. Bilyavska, O. K. Zolotareva

M.G. Kholodny Institute of Botany
of National Academy of Sciences of Ukraine
(Kyiv, Ukraine)

Methanol at low concentrations stimulates the growth of autotrophic batch culture Chlamydomonas
reinhardtii. The effect is maximal in the cultural medium with 0.2% methanol. In order to clarify the
mechanism we studied the effects of methanol on the ultrastructure of the C. reinhardtii. To test the
hypothesis on the participation of catalase in the metabolization of methanol a cytochemical study of
localization and activity of catalase in the cell compartments of C. reinhardtii was carried out.
Cytochemical reaction for catalase was performed with 3,3'-diaminobenzidine-tetrahydrochloride
(DAB). Ultrastructure of cells was investigated by transmission electron microscopy and
morphometric analysis. Biochemical study of catalase activity was determined by a Clarck oxygen
electrode. Methanol-induced quantitative changes in ultrastructure of C. reinhardtii cells are detected:
the volume of C. reinhardtii cells and partial volume of chloroplasts decreased, partial volumes of
vacuoles, mitochondria, and plastoglobules increased. Methanol addition has also resulted in increase
in catalase activity of the mitochondria. The obtained data confirm that catalase is localized in
mitochondria of C. reinhardtii cells. In the presence of methanol, the activity of mitochondrial

catalase increases, suggesting its involvement in the oxidation and metabolization of the solvent.
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Methanol is the simplest monatomic alco-
hol that is highly dissolved in water and organic
solvents. It rapidly penetrates through cell mem-
branes and evenly distributes in cells (Gout et al.,
2000). In contrast to bacteria, where the metabolic
pathway of methanol is well studied, there is only
fragmentary data about its metabolism in higher
plants and unicellular algae. Experiments with la-
beled methanol suggest that in higher plants it is
oxidized through a four-step pathway with the suc-
cessive formation of formaldehyde, formic acid
and carbon dioxide (CHsOH — HCHO —
HCOOH — CO;) (Brunner et al., 2007). Free
methanol, which presents in plant tissues in a norm
(about 1 pg per g of wet weight), can involve in
secondary metabolism and protect plants from
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damages induced by reactive oxygen and nitrogen
species (ROS and NOS). Variations in the intracel-
lular concentration of methanol affect the expres-
sion of a number of plant genes responsible for
metabolic and regulatory processes. Methanol acts
as signaling molecule under various stresses on
plants, such as hypoxia, injury, dehydration.

Metabolism of methanol in microalgae is of
particular interest, since it has been shown that low
concentrations of exogenous methanol can signifi-
cantly increase biomass of some microalgal species
(Chlorella vulgaris, Selenastrum capricornutum,
Skeletonema costatum and Prorocentrum mini-
mum) (El Jay 1996; Okumura et al., 2001). Recent-
ly, we showed that methanol affects positively
growth, photosynthesis and respiration of C. rein-
hardtii, unicellular green alga (Stepanov, Zolo-
tareva, 2011).
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The stimulating effect of methanol is ob-
served exclusively under autotrophic (photosyn-
thetic) conditions, while under heterotrophic
growth this alcohol is toxic as for the algae as for
other heterotrophic organisms (Theodoridou et al.,
2001). The light-dependent pathways of methanol
assimilation, metabolization, and its detoxification,
are poorly understood. Nonomura and Benson
(1992) proposed that a photorespiration has re-
quired metabolizing methanol. In C. reinhardtii,
photorespiratory metabolism differs from such
processes in higher plants. In particular, C. rein-
hardtii has another type of peroxisomes than that
in leaves (Kehlenbeck et al., 1995) where catalase
and other enzymes of the photorespiratory pathway
are located in these organelles of higher plants.
Photorespiration in Chlamydomonas occurs in the
mitochondria and is catalyzed by glycolate dehy-
drogenase (Nakamura et al., 2005; Tural, Moroney
2005). In algal peroxisomes, peroxide is not
formed, and electrons enter the mitochondrial res-
piratory chain by reduction of the ubiguinone pool.
So far, the localization of catalase in Chlamydo-
monas cells is not entirely clear. Kato et al. (1997)
has received data that a catalase is most likely lo-
cated in mitochondria. However, in their earlier
work, Giraud and Czaninski (1971) used DAB as
test on catalase activity did not find the enzyme in
C. reinhardtii cells. The aim of our work was to
investigate the effect of methanol on the ultrastruc-
ture of the C. reinhardtii cells and to determine in-
tracellular localization and the level of catalase ac-
tivity.

METHODS

Unicellular green alga Chlamydomonas
reinhardtii was obtained from the microalgal col-
lection of Department for Membranology and Phy-
tochemistry in M.G. Kholodny Institute of Botany,
NAS of Ukraine (IBASU-B - 163). Batch auto-
trophic cultures were grown on liquid Kessler’s
medium (Bishop, Senger, 1971) in 0.5 | flasks with
magnetic stirrer agitation at room temperature.
White fluorescent light with 100 pumol photons °
m? « st intensity of photosynthetic active radiation
(PAR) on the surface of flasks was used round-the-
clock. When the culture were grown to mid-
exponential phase 0.2% (v/v) methanol was added
to cultural medium and the culture exposed to the
alcohol for 8 hours. Then cells were concentrated
by centrifugation at 3000 rev/min for 2 min. Con-
centrated culture were used for ultrastructural and
cytochemical studies.

The cells were embedded inside agaric
blocks and specimens were prefixed with 1.5%
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formalin in 0.2 M phosphate buffer, pH 7.0, for 20
h at 4°C and were fixed with 2.5% glutaraldehyde
(GA) in the same buffer for 2 h at room tempera-
ture. Then samples were rinsed and post-fixed with
1% 0s04 in 0.1 M sodium cacodylate buffer, pH
7.0, for 3 h at 4 °C. Specimens were then dehydrat-
ed with increasing concentrations of ethanol and
acetone and soaked in mixes of acetone and epone-
araldite resin and in the pure resin. The samples
were put in molds and filled with fresh-prepared
resin and polymerized for 48 h at 60°C in a ther-
mostat. Ultra-thin sections (70-80 nm) were cut
with a LKB-V ultramicrotome (LKB, Sweden) and
post-stained in 2% aqueous uranyl acetate and
viewed with a JEM 1300 transmission electron mi-
croscope (JEOL, Japan) at 80 kV. Images were
recorded on an EB19H TEM film (AGFA, Bel-
gium).

Localization of catalase in cells of C. rein-
hardtii was determined by cytochemical reaction
with  3,3"-diaminobenzidine tetrahydrochloride
(DAB) (Sigma, USA). Samples of microalga were
fixed with 3% GA in 0.05 M phosphate buffer, pH
7.0, rinsed in the same buffer and 0.1 M Glycine-
NaOH buffer, pH 10.5, and then distributed in 3
sets with the following incubation media: (A) 20
mg DAB + 2 ml 3% H,O, + 8 ml 0.1 M Glycine-
NaOH buffer, pH 10.5 (complete medium); (B) 20
mg DAB + 10 ml 0.1 M Glycine-NaOH buffer, pH
10.5 (control medium without substrate); (C) 20
mg DAB + 2 ml 3% H,O, + 8 ml 0.1 M Glycine-
NaOH buffer, pH 10.5 + 3 mg sodium azide (Sig-
ma, USA) (control medium with catalase inhibi-
tor).

All sets were incubated in the dark at 37°C
for 1 hour. Before the beginning of the incubation
in the C medium, cells were preincubated with 3
mg of sodium azide in Glycine-NaOH buffer for
30 min. Following the incubation, all sets (A, B,
and C) were rinsed in 0.05 M phosphate buffer and
postfixed with 2% OsO, in the same buffer, pH
7.0. Then the procedure performed according to
the general scheme of sample preparation for elec-
tron microscopic study.

Determination of electron density index for
mitochondria was carried out using a «Line pro-
file» tool of ImageTool 3.0 computer program. In-
dex of mitochondria electron density (l.,) indicat-
ing what portion of the mitochondria matrix densi-
ty (Dy) is due to catalase activity is expressed as a
ratio of the difference between mitochondria ma-
trix density and the cytoplasm one (as a control
without catalase) to mitochondria matrix density
and determined by the formula:
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In = (Dm - Dcyt) /D ms

where D, — the main grey intensity of the
cytoplasm in pixels, D, — the main grey intensity
of mitochondrial matrix in pixels.

For morphometric analyses, the cells on ran-
dom sections were photographed and scanned on
an Epson Perfection 3200 Photo scanner. Photos
were prepared using Adobe Photoshop 7.0 and
Corel Photo-Paint 11 computer programs.

For the analysis, median sections of cells
contained clearly distinguishable cup-shaped chlo-
roplast with the pyrenoid and the nucleus were se-
lected. Measurements of organelles’ areas for de-
termining partial volumes of cellular components
(i.e., the ratio of total area of all organelles of the
certain type to the area of whole cell) were per-
formed on scanned micrographs using an
UTHSCSA ImageTool 3.0 software program (the
University of Texas, Health Science Center, USA).
The area of the cytoplasm was calculated as the
difference between the total area of the cell and the
sum of the areas of all organelles and intracellular
inclusions. For each experimental set and control,
30-39 median longitudinal cell sections were ana-
lyzed on micrographs with a total magnification of
%8000 or x10000.

Linear dimensions of cell, length (L) and
width (W), were assessed as the longest and short-
est axis of the cell on the section by ImageTool 3.0
software program. The ratio of width to length in
% was also determined. The main thickness of the
cell wall was calculated as the distance from the
plasmalemma to the outside of the cell wall. Vol-
ume of cell was calculated as volume of an ellip-
soid:

V=n-W/2- (L2

where V — volume, W — width, L — length of
cell.

Biochemical determination of catalase activ-
ity was carried out to estimate a rate of O, produc-
tion by microalga suspension after addition of
H,0,. O, evolution was measured with the Clarck
electrode method. Samples were taken after 1, 6
and 24 h incubation with 0.2% methanol and with-
out methanol (as a control). Then microalgal cul-
ture was concentrated to 60 pg/ml chlorophyll con-
tent. To investigate the rate of O, production 3%
H,0, (20 ul) and concentrated suspension of mi-
croalga (200 pl) were added in oxygen measuring
cell with 4.5 ml culture medium. Each experiment
was repeated several times and the mean values
calculated for each treatment.
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RESULTS AND DISCUSSION

Since C. reinhardtii cultures grew at round-
the-clock illumination, their cells were at different
stages of their life cycle. Cell morphology and C.
reinhardtii culture contamination were evaluated
in a preliminary study under the light microscope.
Only algologically and bacteriologically pure cul-
tures were used for further studies. Light micros-
copy showed that the culture consisted in mobile
and immobile individual cells and tetrads of cells.
Loss of flagella by some cells was characteristic
for C. reinhardtii during prolonged cultivation in
the laboratory under constant stirring (Andersen,
2004). Conventionally, cells of non-synchronized
culture could be divided into two types according
to their life stage — young (up to 10 um?), and ma-
ture (over 10 um?). Generation by cell division was
observed in mature cells. The cells of tetrads with a
broken cell wall of maternal cell were attributed to
the young type. Because old cells were rarely met
in our cultures, we did not determine the effect of
methanol on them.

No significant qualitative changes in orga-
nelles of the algal young and mature cells treated
with 0.2% methanol were observed (fig. 1). It indi-
cates that the methanol concentration stimulated
productivity of the culture does not cause damag-
ing effects on the ultrastructure of C. reinhardtii
cells.

At the same time, our morphometric studies
have showed that the addition of methanol can af-
fect the size of C. reinhardtii cells (table 1). Young
cells responded to 0.2% methanol by a decrease in
cell length but their width was not changed, while
in mature cells methanol treatment resulted in a re-
duction in both their length and width. According
to the changes in linear dimensions of young and
mature cells, their area and volume also decreased
after adding the alcohol (table 1).

Methanol did not affect the thickness of the
cell wall of C. reinhardtii. We can assume that re-
ducing the size and volume of cells is due to the in-
fluence of methanol on the expression of genes re-
sponsible for growth of cell wall, since it is known
that methanol reduces the expression of the gene of
expansin consisted in plant cell wall (Downie et
al., 2004).

Methanol resulted in an increase in partial
volume of vacuoles in young cells almost twice,
and in mature cells — 2.3 times (table 2). Such an
expansion of vacuoles under the influence of
methanol can be explained by changes in osmotic
potential of these cells. Formate formed in the pro-
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Table 1. Effect of methanol on dimensions
of Chlamydomonas reinhardtii young (1) and mature (2) cells

. . Ratio W/L,| Square, 3 Cell wall
Variant Length, pm | Width, pm % um’ Volume, pm thickness, um
Control 1 3.7740.06° [2.97+0.04* [79.71+1.75%]8.40+0.20° [16.67+0.56" [0.067+0.002®
Experiment 1 3.56+0.08" |3.01+0.06" |84.86+2.22°|7.87+0.25* |15.12+0.84° |0.068+0.006"
Control 2 4.74+0.07" [4.08+£0.06° [85.31+1.36"|14.10+0.31% [36.38+1.26" |0.061+0.002°
Experiment 2 4.42+0.08° [3.73+£0.06" |84.78+1.34°[12.59+0.32° |29.12+1.32° |0.064+0.004"

Note. Here and in Table 2 means within a column flanked by the same letter are not significantly different at P < 0.05

Table 2. Effect of methanol on partial volumes
of Chlamydomonas reinhardtii components in young (1) and mature (2) cells,%

Chloroplast Poly-
Mito- | phos- Cyto-

Variant  |Vacuole Pyre- |Pyrenoid Plasto- |Nucleus| chon- | phate
Overall noid | coating Starch globules dria | granu- plasm

les
Control 1 1.23 57.53 20.29 10.40 1.90 1.42 16.68 2.26 9.50 12.80
+0.35° [ £2.25% | £1.05® | +0.72® | £0.16" | +£0.32° | +£1.04° | £0.37" | £1.28" | £1.96"
Experiment 1 2.42C 54.51b 20'7%) 9.82 2.40 1.17b 12.17 2.77 8.19 19.94b
+0.28° | £2.05" | +1.80 +0.69* | £0.43* | +£0.27° | £0.84* | £0.51% | £1.33* | £1.92
Control 2 0.65 54.21b 17.31 8.61 3.33b 0.74 10.36 2.20 7.84 24.74b
+0.10* | £1.29° | £0.79* | £046* | £0.45° | +0.14* | +£0.64* | £0.26% | £0.73% | £1.48
Experiment 2 1.48b 48.83 18.65 9.82 4.19b 1.32C 11.61 3.18b 8.11 26'7%c
+0.28° | £1.44* | £0.81* | +0.95* | £0.84° | +0.25° | £0.46" | £0.50° | £0.73* | £1.39

cess of the intracellular metabolism of methanol,
apparently, causes an increment of osmotic pres-
sure and enhancement of water flow into cell that
induces the growth of partial volume of vacuoles.
Following methanol treatment the partial volume
of chloroplasts in mature cells was reduced by
10%.

Methanol did not affect the partial volumes
of chloroplast components in young and mature
cells, besides plastoglobules, partial volume of
which increased by 78% in mature cells (table 2).
Plastoglobules are particles inside chloroplasts
containing lipids, carotenoids, plastoquinone, and
tocopherol (Austin et al., 2006). It is proposed that
plastoglobules are also involved in stress response,
and their number has been shown to increase in di-
verse plant species under various abiotic and biotic
stresses. In addition, increased numbers of plasto-
globules have been found in aged leaves where
thylakoids break down (Ghosh et al., 2001) and al-
so in thylakoid biogenesis of mutants which had
smaller chloroplasts and decreased thylakoid ac-
cumulation (Rudella al., 2006). We report here that
plastoglobules also increased in response to meth-
anol treatment.

The partial volume of nuclei in young cells
reduced by 27% after methanol adding (table 2).
There was an increase in the partial volume of mi-

tochondria by 22% in young cells and by 45% in
mature ones compared with controls suggesting an
intensified activity of respiration. The partial vol-
ume of cytoplasm increased in young methanol-
treated cells too, apparently, due to reducing the
relative volume of the chloroplasts and the nucleus.

Oxidation of methanol in plants can occur
non-enzymatically through H,O, oxidation or due
to peroxidase activity of catalase:

CH30H + H202 g HCOH + 2H20

It was proposed that additional carbon sup-
ply provided with methanol causes the photorespi-
ration to be shifted from catabolism to anabolism
(Zbiec et al., 2003). As mentioned above, the pres-
ence of catalase in Chlamydomonas cells and its
participation in the process of photorespiration is
questioned.

To test catalase localization and the effect of
methanol on it we examined the intensity of stain-
ing with DAB reagent of the algal mitochondria by
calculating a mitochondrial electron density index.
Following treatment with DAB reagent, mem-
branes of mitochondria were seen better in A set
cells than in cytochemical control cells (B and C
sets) (fig. 1 d, e). Comparison of indices of
mitochondrial electron density in A, B, and C sets
in growth control and after methanol addition al-
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Fig. 1. Cells of C. reinhardtii.

a, b — young cells, ¢, d — mature cells, and a, ¢ — control, b, d — experiment (treatment in 0.2 % methanol). Cytochemi-
cal reaction for catalase (cell fragments): e — full medium, f — control with catalase inhibitor; lines indicate the sites of
density determination. Abbreviations: C — chloroplast, M — mitochondria, N — nucleus, P — pyrenoid, PG — polyphos-

phate granule, S — starch grain, V — vacuole.

lowed to characterize quantitatively the effect of
methanol on activity of catalase in C. reinhardtii
mitochondria (fig. 2).

The data presented in fig. 2 have confirmed
the localization of catalase in the algal mitochon-
dria since the mitochondrial index of electron den-
sity in A set was always greater than in the B and
C sets (controls to the cytochemical reaction). Al-

27

so, the presence of methanol in the A set cells re-
sulted in increased density of mitochondria by 28%
compared to that of methanol-free cells, while the-
se indices of cells in B and C sets were not signifi-
cantly different. Thus, the 0.2% methanol can en-
hance a catalase activity in the mitochondria of C.
reinhardtii cells or increase biosythesis of the en-
zyme.
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Fig. 2. Mitochondrial indices of electron density in A, B and C sets with 0.2% methanol and without it

(control).
Standard errors of 3 experiments are indicated.
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Fig. 3. The rate of O, production by C. reinhardtii culture after addition of 20 ul H,O,. Samples was
taken after 1, 6 and 24 hour treatment in 0.2% methanol.

Standard errors of 3 experiments are indicated.

It is known that the key enzyme in the pro-
cess of photorespiration in C. reinhardtii is the mi-
tochondrial enzyme glycolate decarboxylase (E.C.
1.4.4.2), which does not accept molecular oxygen
as end electron acceptor (Chauvin et al., 2008;
Nelson, Tolbert 1970) and respectively does not
produce H,0,. Thus, catalase is not proposed to
play a role in the photorespiratory cycle of C. rein-
hardtii. Yet, genomic sequence of C. reinhardtii
(http://genome.jgipsf.org/Chlre3/Chlre3.home.html)

has a gene encoding a putative glycolate oxidase
(Chauvin et al., 2008), which takes part in H,O,
production, and other gene encoding a typical cata-
lase. In addition, a gene encoding a putative cata-
lase—peroxidise homologous to enzymes found in
prokaryotes, was also found (Shao et al., 2008).
However, expression of the latter gene appears to
be very weak as compared to the expression of the
typical catalase gene, even under oxidative stress
conditions.
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Biochemical activity of catalase was esti-
mated in terms of rate of O, production in microal-
ga suspension after addition of 20 ul H,O,. A count
was conducted per the amount of chlorophyll in
unit volume of culture. As chlorophyll accumula-
tion correlates with the cell concentration at expo-
nential phase of microalga growth, then the rate
count of O, production can be conducted per the
concentration of chlorophyll. Due to low content of
catalase in the cells of C. reinhardtii, the rate of O,
production after addition of H,O, was at the aver-
age 0.55 MM O, » h™* « mg (ch)" in control cells
and 0.75 mM O+ h™ « mg (ch)™ in cells after addi-
tion of 0.2% methanol (fig. 3). A 30% rate incre-
ment compared to control cells was produced by
methanol after 1 hour which, by a negligible mar-
gin, rose to 31% at 6 hours, finally reaching only
18% after 24 hours. A reduction in catalase activity
occurred after 24 hours incubation in methanol,
obviously, took place due to alcohol metabolisa-
tion.

Catalase of plants (EC 1.11.1.6), besides
dismutase activity, shows peroxydase activity too.
It can use methanol for H,0O, reduction.

_ Peroxydase ac- Dismutase activity
tivity

CH;0OH+ H,0,
— HCOH+H,0

It is known that ethanol represses a catalase
activity, as it is a competitive inhibitor of H,O,
metabolisation. However, methanol addition, on
the contrary, stimulates activity of catalase in C.
reinhardtii to increase rates of O, production by
microalga. Such an enhancement in rate of O, pro-
duction after methanol addition can be explained
by formation of endogenous H,O, due to increas-
ing a redox potential in cells followed oxidization
of methanol. Recently, induction of endogenous
H,0, formation was detected after adding 50 mM
methanol to the culture of Oncidium orchid (Shen,
Yeh 2008). The authors observed a double increase
in concentration of H,O, after 30 min incubation
with methanol, then the concentration H,O, slight-
ly went down and remained at permanent level
during 6 hour. However, our studies showed that a
rate of O, production by culture without addition
of 20 ul H,0, was similar in both the presence and
absence of methanol suggesting that endogenous
H,0, did not affect rate of O, production by
culture of C. reinhardtii. Obviously, methanol can
improves availability of exogenous H,0O, to cata-
lase or methanol can directly act as inductor of cat-
alase gene expression.

2H202—>02+2H20
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The data of our study allow proposing that
the light-dependent metabolism of methanol,
which induces significant reorganization of pig-
ment-protein components of photosynthetic mem-
branes (Kotzabasis et al., 1999), activates also mi-
tochondrial catalase, probably, involving in the ox-
idation of the alcohol. We suggest that methanol
can be oxidized due to nonspecific peroxidase ac-
tivity of mitochondrial catalase.

Thus, 0.2% methanol does not cause qualita-
tive changes in ultrastructure of C. reinhardtii, but
reduces the size of cells and chloroplast partial
volume, and increases partial volume of vacuoles,
mitochondria, and plastoglobules. Our research al-
so confirms that the catalase in the C. reinhardtii
cells is localized in mitochondria. In the presence
of methanol, the activity of catalase in mitochon-
dria increases, suggesting its involvement in the
oxidation and metabolization of the solvent.
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N3MEHEHUA AKTUBHOCTH KATAJIA3bI
N YIBTPACTPYKTYPbI KIETOK CHLAMYDOMONAS REINHARDTII
oA BJIMAHUEM METHJIOBOI'O CITUPTA

C. C. Crenanos, H. A. benasckas, E. K. 3onorapesa

Hnemumym 6omanuxu um. H.I'. Xonoonozo
Hayuonanvhoii akademuu Hayk Ykpaunol
(Kues, Ykpauna)

MeTaHON B HU3KHX KOHLECHTPALHAX CTUMYJIHPOBAT POCT aBTOTPO(PHON HAKOIMHMTEIBHON KYJIbTYpBI
Chlamydomonas reinhardtii. Han6onpumit 3¢ ekt Habmonancs mpu A06aBIeHHH B KyJIbTypaib-
Hyt0 cpeny 0,2% meranosa. C [e/IbI0 YTOUHCHHS MEXaHU3Ma €ro JACHCTBHS OBIJIO H3YYEHO BIIMSHUC
9TOM KOHIIEHTPAIIMH METaHOJa Ha YIBTPacTpyKTypy kietok C. reinhardtii. s mpoBepku mpesmro-
JIOXKeHUsI 00 yUacTHH KaTanas3bl B METaboIN3auy METAHOIa OO MPOBEICHO IUTOXUMHUIECKOE HC-
ClIeIOBAHME JIOKAIM3AIMK ¥ YPOBHS aKTUBHOCTH Karajasbl B KoMnapTMeHTax kierok C. reinhardtii.
[uToXUMUYECKyI0  peaknuio  Ha  Katajady  nOpoBoAwiId ¢ 3,3 -IMaMHHOOCH3WIHH-
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terparuapoxiaopuioM (JJAB). YibTpacTpyKTypy KIETOK HCCIICHOBAINA METOJIOM TPAHCMHUCCHOHHOM
3IIEKTPOHHOM MUKPOCKOIMH ¥ MOP(OMETPHIECKOr0 aHaimu3a. MeTaHOI BBI3BIBAI KOJIMYECTBEHHBIC
n3MeHeHus B cTpykrype kinerok C. reinhardtii. ITokazano, 9ro mox JeHCTBHEM METaHOJA YMEHB-
mrancst 06bem kietok C. reinhardtii u mapumansHbIif 06beM XIOPOIUIACTOB, YBEIMIHBAIKCE TTAPIH-
aJibHBIC 00BEMbI BaKyoJIeil, MUTOXOHIPHUIA U IIAcTOrI00y1. JlaHHBIe MOATBEPXKIAIOT, YTO KaTauasa
B kiretkax C. reinhardtii moxanmuszoBana B MuToXoHIpusx. JloGaBieHre METaHOIA TPUBOINIIO TAKXKe
K TIOBBIIICHAIO aKTHBHOCTH KaTajia3bl B MUTOXOHPHUSX. B MPHCYTCTBHH METAHONA aKTHBHOCTD MU-
TOXOH/PHAIIBHOI KaTaiasbl BO3pAcTalia, 4T0 CBHIETENBCTBYET 06 ee yYacTHH B OKHCIICHHH U MeTa-
00JIM3aIMHK ITOTO CIUPTA.

Karouesnie cioBa: Chlamydomonas reinhardtii, kamanasza, memanon, ynompacmpyxmypa kiemox

3MIHN AKTUBHOCTI KATAJIA3HU
TA YIABTPACTPYKTYPU KJIITUH CHLAMYDOMONAS REINHARDTII
I BIVIMBOM METHJIOBOI'O CIITMPTY

C. C. Crenanos, H. O. binsscpka, O. K. 3omotaproBa

Inemumym 6omanixu im. M.I'. Xonoouoeo
Hayionanvnoi axademii nayk Yxpainu
(Kuis, Ykpaina)

MetaHON B HHM3BKHX KOHLECHTPALiSX CTHMYIIOE DPICT aBTOTPO(GHOI HAKOMUYYBAJIbHOI KYJIbTYpH
Chlamydomonas reinhardtii. Haii6inbunii edext crocrepiraBes mpu I0JaBaHHI B CEPEIOBHIIE KY-
npTuByBaHHs 0,2% MeTaHONy. 3 METOI0 YTOUHEHHS MeXaHi3My Horo jii OyJo BHBYEHO BIUIMB i€l
KOHIICHTpAI[il METaHOIy Ha YIbTpacTpykTypy Kimitun C. reinhardtii. {ns mepeBipku mpumyiieHHs
PO y4acTh KaTaja3u B MeTaboJi3alii MeTaHory OyJI0 IPOBEACHO HUTOXIMIYHI Ta O10XIMIYHI AOCIi-
JDKEeHHS 11b0ro GepMmenTy B Kiaituaax C. reinhardtii. utoximiuny peakiiito Ha KaTaja3zy MpOBOIHIN
3 3,3-niaminoGeH3uaMH-TeTpariapoxiaopuaom (JIAB). YisTpacTpyKTypy KIITHH JOCIIDKYBalH Me-
TOJIOM TPAHCMICIIHOT eNeKTPOHHOT MIKpOCKOIIii Ta MopdomeTpraHoro anamizy. [1ix miero MmetaHOTY
Bif0yBanucst KiNbKicHI 3MiHu B cTpykTypi kiitin C. reinhardtii. [TokasaHo, 1110 mij BIUJIMBOM MeTa-
HOJIy 3MeHIyBaBcsi 00'em kiitud C. reinhardtii i mapiiansHuii 06'eM XJIOPOILIACTIB, 301IBIIYBATHCS
mapuianbHi 00'eMH BaKyouleH, MiTOXOHIpIH 1 mactormoOyi. [laHi miATBEpIXKYIOTh, MO KaTaia3a B
knituHax C. reinhardtii mokanizoBana y miToxoHapisx. JlofaBaHHS METAHONY MPHU3BOIUIIO TAKOK
JIO TIiIBUIICHHS aKTUBHOCTI KaTala3W B MITOXOHAPIAX. Y MPUCYTHOCTI METAHONY aKTHBHICTh MiTO-
XOHJIpiaNbHOT KaTaja3u 30iIbLIyBaiacs, 0 CBIAYUTH NPO 11 y4acTh B OKMCHEHHI i MeTabomizamil
I[OTO CITHPTY.

Karouogi ciioa: Chlamydomonas reinhardtii, xamanaza, memanon, ynempacmpyxmypa xaimun
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