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The focus of the study was interaction of Candida tropicalis RomCub isolated from highland Ecuador
ecosystem with soluble and insoluble copper compounds.

Strain C. tropicalis RomCub was cultured in a liquid medium of Hiss in the presence of soluble
(copper citrate and CuCl,) and insoluble (CuO and CuCOj3) copper compounds. The biomass growth was
determined by change in optical density of culture liquid, composition of the gas phase was measured
on gas chromatograph, redox potential and pH of the culture fluid was defined potentiometrically. The
concentration of soluble copper compounds was determined colorimetrically.

Maximal permissible concentration of Cu?* for C. tropicalis RomCub was 30 000 ppm of Cu?' in form
of copper citrate and 500 ppm of Cu?* in form of CuCl,. C. tropicalis was metabolically active at super high
concentrations of Cu?, despite the inhibitory effect of Cu?*. C. tropicalis immobilized Cu?' in the form
of copper citrate and CuCl, by its accumulation in the biomass. Due to medium acidification C. tropicalis
dissolved CuO and CuCOjs. High resistance of C. tropicalis to Cu?" and ability to interact with soluble and
insoluble copper compounds makes it biotechnologically perspective.

Key words: yeast, Candida tropicalis, copper, resistance to copper, inhibition of metabolism,

copper immobilization, copper mobilization.

Nowadays anthropogenic pressure on the
environment dramatically increases. Various
industries produce and discharge wastes into
the environment, such as mining, energy and
fuel production, electroplating, electrolysis,
leatherworking, photography, etc. One of the
main components of the various industrial
wastes is heavy metals, such as copper, zinc,
cobalt, mercury, chromate, etc. So, the
problem of environmental metal pollution
drastically becomes more acute.

Microorganisms are plentiful in nature and
play vital roles in the geochemical cycling of
metals by protonation, chelation, redox and
chemical transformation, metal accumulation
[1]. Mechanisms of microbial interaction
with metals are being exploited in various
environmental biotechnologies. Microbial
biotechnologies are used for both removing of
toxic metals from the industrial wastewater
and recovery of heavy metals from low grade
ores, dumps, soils, sediments, dumps and
industrial wastes [2—-5].

Microbial technologies of metal removing
or bioleaching have advantages over physical
and chemical technologies. For example,
chemical precipitation and electrochemical
treatment are ineffective and produce large
quantity of sludge required to treat with
great difficulty. Ion exchange, membrane
technologies and activated carbon adsorption
process are extremely expensive [2].
Contrary microbial biotechnologies have low
operating cost, minimal use of chemicals [2].
So, microbial biotechnologies of both metal
removing and bioleaching can be assumed
as environment-friendly. Accordingly,
search for microorganisms promising for
metal biotechnologies is actual area of
investigation.

Resistance to toxic metals and ability
to interact with toxic metals are the main
criteria for microorganisms perspective for
metal biotechnologies. In our recent researches
high resistant to copper strain Candida
tropicalis RomCub was isolated from highland
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Ecuador ecosystem [6]. The strain was able
to grow even at 3000 ppm of Cu?' (in form
of copper citrate), which by several orders
overcomes the inhibiting concentrations of
Cu?" for the majority of chemoorganotrophic
microorganisms. So the isolated yeast
strain corresponds to the first criterion for
microorganisms that perspective for metal
biotechnologies. The question arises whether
it corresponds to the second criterion. That
is why the aim of the work is to investigate
the interaction of the isolated C. tropicalis
RomCub with soluble and insoluble copper
compounds.

Materials and Methods

Cultivation of C. tropicalis RomCub.
C. tropicalis RomCub was cultured in the
presence of 0, 200, 1000 and 3000 ppm of Cu?*
in a liquid medium of Hiss (g/1): K,HPO, —
1.0; KH,PO, — 1.0; NH,CIl — 1.0; glucose —
20.0; dry yeast extract (Serva) — 5.0; distilled
water — 1000 ml. Medium of Hiss with 0, 200,
1000 and 3000 ppm of Cu?" was brought in
150 ml flasks. Then suspended in saline (0.9%)
C. tropicalis RomCub was brought to the
medium to a final optical density 0.05 units.
Flasks were closed with elastic rubber stoppers
fixed on the necks of the flasks with aluminum
clasps. Microorganisms were cultured at 28 °C.
Physiological parameters of growth (optical
density, Eh, pH, composition of the gas phase)
and concentration of Cu?" in medium were
measured every 2 hours of cultivation.

Culture was cultivated on the solid copper
containing medium for maximal permissible
concentration determining. Copper stock
solutions were added to the melted and cooled
to 45° nutrient agar (HiMedia Laboratories
Pvt. Ltd., USA) and medium poured to the
Petri dishes. The suspended in saline (0.9%)
microorganisms were inoculated on the
surface of the medium and cultivated at 28 °C.
Maximal concentration of Cu?" where the
growth was observed was accepted as MPC.

Accumulation of Cu®" by C. tropicalis
RomCub. Medium of Hiss (100 ml) and biomass
of C. tropicalis RomCub were brought to 150 ml
flasks. Initial optical of density culture
liquid was 0.05 units. Flasks were closed with
elastic rubber stoppers that were fixed on the
necks of the flasks with aluminum clasps.
Microorganisms were cultured at 28 °C.
When the culture reached mid-log phase of
growth (0.7 optical density units) solutions
of CuCl, and copper citrate were brought to
the flasks to the final concentration 100 ppm
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of Cu?". Values of optical density, Eh, pH,
concentration of Cu?* in the culture liquid were
measured every 30 min within four hours. The
composition of the gas phase in the cultivator
was determined hourly.

Quantity of copper accumulated in
the biomass was determined as follows.
Microorganisms were cultured in medium
of Hiss to mid-log growth phase (0.7 optical
density units). Then solutions of CuCl, and
copper citrate were brought to culture liquid
to the final concentration 100 ppm of Cu?'.
Microorganisms were cultured at 28 °C within
four hours. Then biomass was precipitated
at 5000 g for 15 min on a centrifuge.
Concentration of Cu?" in the supernatant and
the amount of copper accumulated on the
surface and inside the cells of C. tropicalis
RomCub5 were determined. Concentration
of Cu?' in the supernatant was determined
titrimetically with PAR (4-2-pyrydilazo-
resorcinol). To determine the amount of copper
accumulated on the surface of cells biomass
was washed three times in distilled water by
centrifugation and then in solution of citric
acid (pH = 4). Copper is stable in a soluble
form (Cu?') in acidic conditions (pH 0-5).
Therefore, when the biomass was washing in
a solution of citric acid, copper desorbed from
the cell surface to solution. Concentration
of Cu?’ in the supernatant was determined
colorimetrically with PAR. To determine the
concentration of copper accumulated inside the
cells biomass was burned after cell had being
washed in a solution of citric acid. Biomass was
put in tube of heat-resistant Pyrex glass and
burned in the flame. The tubes were cooled and
the solution of citric acid (pH = 4) was brought
to the tubes. Copper that precipitated on the
surface of walls of the tubes after biomass
combustion dissolved in citric acid. Then the
Cu?" was determined colorimetrically.

Mobilization of insoluble copper compounds
by C. tropicalis RomCub. The one day cultivated
culture (1.2 units of optical density) was brought
in 150 ml flasks that contained copper carbonate
CuCO; or copper oxide CuO. Flasks were closed
with elastic rubber stoppers that were fixed on
the necks of the flasks with aluminum clamps.
Microorganisms were cultured at 28 °C.
Concentration of Cu?" in the culture liquid, was
measured every day for five days.

Preparing of Cu?®" stock solutions. Stock
solutions of copper citrate and CuCl, contained
20 000 ppm of Cu?’. To prepare copper citrate
solution 20 g of C4HgNaz;0, 12H,0 were
dissolved in beaker in 50 ml of distilled water.
Then 5.34 g of CuCl, 2H,0 were brought to the
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beaker with sodium citrate solution, so the dark
blue solution of copper citrate was obtained. The
solution was put to 100 ml flask and brought up
to line with distilled water. To prepare CuCl,
solution 5.34 g of CuCl,2H,0 were brought to the
beaker with distilled water. After the CuCl, was
dissolved the solution was put in 100 ml flask and
brought up to the line with distilled water.

Concentration of Cu®>" was determined
colorimetrically at low Cu®>" concentrations
and titrimetically at high concentrations.
Both methods are based on the ability of
4-2-pyrydilazo-resorcinol (PAR) to form
coloured (dark-cherry) complex with copper. To
determine Cu?" concentration colorimetrically
0.5 ml of 0.5% aqueous PAR was brought to
3 ml of the sample. Optical density of the solution
was determined at the photoelectric colorimeter
KFK 2-MP at A = 490 nm, the length of optical
step = 0.5 cm. Values of optical density linearly
depended on the Cu?" concentration in the range
of 1-7 ppm of Cu?*.

To determine Cu?’ concentration
titrimetically 0.1 ml of 0.1% aqueous PAR
was brought to 2 ml of sample. The solution
was titrated with an aqueous solution of EDTA
(2.5 g/1). EDTA breaks down complex of Cu?'-
PAR, and at the point of transition causes a
sharp change in colour from dark cherry to lemon.
Amount of EDTA solution spent on destruction
of complex Cu?"-PAR linearly depends on
the concentration of Cu?" in the range of
25-3 000 ppm.

Biomass growth of microorganisms in
liquid culture was determined by the change of
optical density at the photoelectric colorimeter
KFK 2-MP at A = 540 nm, the length of optical
step = 0.5 cm.

Concentration of the gas (04, CO,) was
determined by standard method based on the
thermal conductivity of the katharometer on
gas chromatograph LHM-8-MD. Two steel
columns were used. The first one (I) was for the
analysis of H,, Oy, N, and CH,, the second one
(IT) was for the analysis of CO,.

Parameters of columns: I —1=3, m, d =
3 mm, the sorbent 13X (NaX); II —1=2,m,d =
3 mm, the sorbent Porapak-Q. The temperature
of columns was +60 °C, the temperature
of evaporator was +75°C and of detector
+60 °C. The detector current was 50 mA.
Gas carrier is argon; gas flow rate was 30 ml/min.
The concentration of gases (% ) was calculated
according to the peak areas. Plastic sterile 2.5 ml
syringes (company “Bayer”) with a rubber seal
on the piston were used for gas sampling.

Redox potential (Eh) and pH were
determined with the pH-meter-milivoltmeter

“pH-121” (or “EV-74”) with platinum
measuring electrode EPV-1, flow-silver
chloride reference electrode EVL-1MZ and
combined glass electrode ESL-63-07 (for pH
measurement).

Results and Discussion

Copper resistant yeast strain C. tropicalis
RomCu5 and strain of filamentous fungi
were isolated from highland Ecuador
ecosystems. Both strains were able to grow at
3 000—30 000 ppm of Cu?' (Fig. 1). Thus, both
strains have biotechnological perspectives for
copper containing waste water treatment. The
study is focused on interaction of C. tropicalis
RomCub with copper compounds, whereas
interaction of filamentous fungi strain is the
subject of further investigations.

The main feature of C. tropicalis RomCub
that had caused interest is its high resistance
to copper compounds. The maximal permissible
concentrations (MPC) of copper for the strain
(i.e. the maximal concentrations of copper
where the growth of the strain was observed)
were 30 000 ppm of Cu®" in the form of copper
citrate and 500 ppm of Cu?" in the form of
CuCl,. To compare the maximal permissible
concentrations of Cu?" were determined
for culture from Ukrainian Collection of

Fig. 1. Growth of C. tropicalis RomCub (4)
and filamentous fungi (B) isolated from highland
Ecuador ecosystem in the presence of Cu?t
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microorganisms Saccharomyces cerevisiae B-176
had never cultivated in the presence of Cu?*
before. The MPC for S. cerevisiae B-176 were
1 000 ppm of Cu?" in the form of copper citrate
and 100 ppm of Cu?" in the form of CuCl,. So, the
strain RomCub was more resistant to copper by
30 (in form of copper citrate) and by 5 (in form of
CuCl,) times than S. cerevisiae B-176.

Despite high resistance to copper,
growth of C. tropicalis RomCub was
inhibited proportionally to increasing of
Cu?' concentration. Copper inhibits the
growth of strain and adversely affects its
metabolic activity. The growth of the strain
began on fourth hour of cultivation at the
absence of copper in the medium (Fig. 2, A).
On the 14" hour of cultivation the strain
reached its stationary phase of growth. The
maximum optical density was 1.36 units of
optical density. The concentration of CO, in
the gas phase naturally increased with the
biomass growth, and the concentration of O,
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decreased. The pH value changed from neutral
(7.6) to acidic (5.5). The Eh value did not
change significantly during the experiment.
As concentration of O, during the growth
decreased the redox conditions should have
changed from oxidizing to reducing and redox
potential should have lowered to negative
values. The Eh value varied from +260 to
+365 mV, which indicates the specific redox
pair formation and requires the further
investigation.

Culture growth began on the fourth hour
of cultivation exactly as in control when of
200 ppm of Cu?' (in the form of copper
citrate) was present in the medium (Fig. 2, B).
However, culture reached stationary phase on
the 28th hour of cultivation. That is, culture
growth twice slowed down compared with the
control in the presence of 200 ppm of Cu?". The
maximum biomass yield did not differ from
control and was 1.28 units of optical density.
The concentration of CO, increased with

B

Fig. 2. Metabolic parameters of C. tropicalis RomCub5:
A — Cultivation at — absence of Cu?" (control); B — 200 ppm of cu?"; ¢ — 1000 ppm of cu?t;
D — 3000 ppm of cu?t:i1 — optical density, units (standard deviation (SD) ==+ 0.005-0.03); 2 — Eh, mV
(SD==%=9.9-23.6); 3 — pH (SD==*0.03-0.05); 4 — CQy,% (SD==0.05-1.75); 5 — O4,% (SD==0.06-0.31);

6 — concentration of Cu

, ppm (SD==+1.5-9.8)

In order not to overload the Fig. 2 P-values are discussed on the Fig.3.
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biomass growing. The maximal concentration
of CO, did not vary significantly from control
values and was 48.5%. Appropriately,
concentration of O, decreased as well to 0.28% .
The Eh values of culture liquid were slightly
higher than in the control (+310 ... +395 mV),
which was due to the high redox potential of
copper. The concentration of copper decreased
from 200 to 170 ppm of Cu?" during the first four
hours of cultivation. During further cultivation
Cu?* concentration did not change significantly.
Such way of interaction very likely indicates the
sorption of Cu?* by the yeast biomass.

The growth of yeast’s biomass slowed down
by 2.1 times comparatively with control in the
presence of 1000 ppm of Cu?". The stationary
phase of growth here was reached on 28
hour of cultivation (Fig. 2, C). Moreover the
biomass yield decreased. The maximal value
of the optical density was 0.63 units, which
by 2.3 less than control value. As in other
variants of experiment the concentration of

CO, increased in the gas phase during the
biomass growth whereas the concentration of
O, decreased. The value of Eh did not change
notably. Concentration of Cu?' in the culture
liquid lowered from 1000 to 950 ppm of Cu?*
during the first four hours of cultivation.
Culture came to the stationary phase
of growth at 40'" hour of cultivation in the
presence of 3000 ppm of Cu?", i.e. growth
slowed by 2.8 times (Fig. 2, D). Maximal
biomass yield was by 2.7 times lower in
comparison with the control and amounted
0.52 units of optical density. Concentration of
Cu?" lowered from 3000 to 2950 ppm of Cu?".
The growth of C. tropicalis RomCub
was inhibited as the concentration of Cu?"
increased. The biomass yield falls down from
1.36 units of optical density in control to 1.28,
0.63 at 0.52 units at 200. 1000 and 3 000 ppm
of Cu?' respectively (Fig. 3, 4; P<0.05). Thus,
the Cu?* concentration and biomass yield have
strong negative linear correlation (r = —0.8).

Fig. 3. Comparison of metabolic parameters of C. tropicalis RomCu5
at presence of increasing Cu?* concentration:

A — optical density, units, r = —0.8, *P <0.05 (comparatively to control, i.e. cultivation of C. tropicalis
without Cu2+), SD==+0.01-0.03; B — start of stationary phase of growth, hours, r=0.8, *P<0.05,SD = 0;
C — minimal O, concentration, %, r=0.99, *P<0.05, SD == 0.06-0.31; D — maximal CO, concentration, %,
r=0.09, *P<0.05,SD== 0.05-1.75
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The growth rate slowed down with Cu?*
concentration rising. In the control culture
reached stationary phase of growth on 14"
hour of cultivation (Fig. 3, B). At 200 and 1000
ppm of Cu?" culture’s growth twice slowed
down. That means culture reached stationary
phase on 28th hour of cultivation. At 3000 ppm
culture slowed down by 2.8 times compared
with control (P <0.05). The stationary phase of
growth began on 40th hour of cultivation.

Copper concentration naturally leads
to decrease of O, consumption (Fig. 3, C).
Concentration of O, in gas phase increases
in diapason 200-3 000 ppm of Cu?" (perfect
linear positive correlation, r = 0.99; P <0.05).
At 200 ppm of Cu?" it was 0.28% , whereas at
1000 and 3 000 ppm of Cu®' it was 2.6% and
9.2% . Concentration of O, at the control is
even higher that at 200 ppm of Cu?", which is
likely caused by longer cultivation of culture
at 200 ppm of Cu?'. Surprisingly, that CO,
concentration does not indicate the culture
inhibition by Cu?" (zero correlation, r = 0.1).
Minimal CO, concentration was observed in the
control (45.2% ) and maximal at 1000 ppm of
Cu®*' (65.7%) (Fig. 3, D).

In all cases concentration of Cu?’ in the
culture liquid decreased for 30-50 ppm at
first four hours of cultivation. This apparently
indicates the non-specific accumulation of Cu?"
by yeast’s biomass.

Microbial immobilization of Cu?"is possible
due to reduction of Cu?" to Cu(I)J, precipitation
with metabolites, accumulation of biomass. Let
us consider the possible mechanisms of copper
compounds immobilization by C. tropicalis
RomCub. The first possible mechanism is
reduction of soluble cation Cu?" to insoluble
compound of Cu(I). Fig. 4 shows the reactions
of copper transformation in water solution.
Out of presented reactions the precipitation of
copper by its reduction is possible according to
the equation (Fig. 4, reaction 1):

2Cu?" + H,0 + 2e = Cu,04 + 2H"
(Eh = +430 MB at pH = 4.6).

According to the thermodynamic prediction
of microbial interaction with toxic metals the
microbial reduction of toxic metals is possible
on the following conditions [8, 9]:

1. The reduction reaction has to be within
the zone of thermodynamic stability of water
(Fig. 4). Zone of thermodynamic stability of
water is limited by two redox reactions a and
b (Fig. 4). Water in reaction a is a reductant
that is oxidized to O,. In the reaction b,
proton of water is an oxidizer that is reduced
to H,. Obviously, microorganisms can carry
out only those reactions of energy metabolism
that are within the thermodynamic stability
of water.

Fig. 4. Redox states of copper compounds
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2. Nonspecific reduction of acceptor
occurs if the difference between the donor
(microorganisms) and acceptor (metals)
systems at least 100 mV. Larger the difference
between the donor and acceptor systems, the
more effective reduction of metal is going.

The Fig. 4 shows that the reaction of Cu?* to
Cu,OV reduction is within the thermodynamic
stability of water, which satisfies the first
condition. But the second condition is not
fulfilled. The calculated Eh value of Cu?"
reduction to Cu,0 at 200 ppm (0.003 mol/1) of
Cu?' is +348 mV (pH = 5) in accordance with
following equation):

Eh = 0.203 + 0.0591xpH +
0.0591xlg{Cu?"}.

The Eh value created by C. tropicalis
RomCub in control was on average +338 mV.
So, the potential difference between the donor
and acceptor systems is virtually absent.
That is why the reduction of Cu?* to Cu,0 by
C. tropicalis RomCub is impossible.

Copper can form insoluble compounds
with such microbial metabolites as H,S, CO,,
oxalate, etc. During the growth of C. tropicalis
RomCub in the presence of Cu?' there was no
precipitates formation. The CuCOS¢ formation
was not observed as well despite the strain
actively produced CO, (Fig. 2). Carbon dioxide
dissolves in water in neutral and alkaline
conditions with formation of HCO;™ and CO,%~
that precipitate divalent metals as metals

~ R
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carbonates. C. tropicalis RomCub acidifies the
medium up to pH=5.0-5.5, which prevents the
formation of insoluble CuCOs4 .

Accumulation of metals in microbial
biomass is provided by non-specific sorption
on microbial cells, binding of metals with
functional groups of cellular polymers, active
transport into the cell [2]. C. tropicalis RomCub
was shown to accumulate copper in biomass.
Fig. 5 shows the dynamic of Cu®" accumulation
by biomass of C. tropicalis RomCub during
cultivation in Hiss medium.

Since the microbial interaction with metals
may vary depending on the type of metal
compound, two types of copper compounds were
used — CuCl, and copper citrate. When strain
was cultivated in the presence of copper citrate
concentration of Cu®?" in medium decreased
from 100 to 85 ppm, i.e. for 15% (Fig. 5, A).
During the experiment the metabolic activity
of yeast was observed. During four hours of
cultivation optical density increased from 0.7
to 0.85 units and CO, concentration increased
from 9.5% to 19%, whereas O, concentration
fall from 17% to 13.5%.

Culture accumulated copper(II) more
efficiently in the presence of Cu?" in form of
CuCl, (Fig. 5, B). Thus, the concentration
of Cu?" in medium decreased from 100 to
55 ppm, i. e. for 45% . Instead, copper chloride
inhibited the growth of yeast strain. Optical
density of the medium decreased from 0.7
to 0.6 units. Both synthesis of CO, and O,
consumption were absent.

Fig. 5. Accumulation of copper in the form of copper citrate (4) and CuCl, (B) by C. tropicalis RomCub
and it metabolic parameters (Hiss medium):

1 — optical density, units, SD =+ 0.01-0.04, *except the initial point P < 0.05 (comparing to control, i.e. cultivation
of C. tropicalis without Cu2+); 2 — concentration of Cu2+, ppm,SD=+1.1-1.7; 3 — pH,SD=+0.01-0.05,
*P < 0.05 (for all points); 4 — CO,,% , SD = + 0.3-0.5, *except the initial point P< 0.05; 5 — 04,%,

SD =+ 0.12-0.54, *except the initial point P <0.05
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Thus, the accumulation of Cu?* in the form
of CuCl, is more efficient compared with copper
citrate (Fig. 6). Yeast biomass accumulated 14
out of 100 ppm of Cu?' in the form of copper
citrate. Of these, 1 ppm of Cu?" was desorbed
from the cell surface by solution of citric acid,
and 13 ppm contained inside the cells. In the
supernatant 86 ppm of Cu?" remained. Overall,
in 1 g of yeast ADM 50 ppm of Cu?" were
accumulated. Biomass accumulated 46 ppm
of Cu?" when the CuCl, was used. Of these,
36 ppm of Cu?" was desorbed from the surface
of cells walls and 10 ppm of Cu?' was inside
the cells. In this case, the yeast accumulated
164 ppm of Cu?'in 1 g of ADM.

As Fig. 6 shows culture accumulated
copper(II) on the surface of the cell in form
of CuCl, by 36 times more efficiently than in
form of copper citrate. Chelating of Cu®" with
citrate leads to the complex compound forming
whose size is in several times bigger than
CuCl,. Therefore copper citrate is accumulated
less effectively by the cells. In the case strain
accumulates Cu?* without loosing its biological
activities. Copper chloride has a smaller size,
which contributes to its accumulation by non-
specific transport systems. Moreover, the size
of ionic radius of Cu®" coincides with ionic radii
of metals necessary for microbial metabolic
processes such as Fe?", Mg?" [10]. The ionic
radii of Cu?" is 0.08 nm, whereas of Fe?",
Mg?* is 0.08 and 0.072 nm. So, Cu® replaces
Mg?" and Fe?" in cell walls by ion exchange.
Moreover the Cu?" has positive charge whereas
the cell surface has negative one, which causes
their electrostatic interaction. So, the bulk of
copper accumulates on the surface of the cell.
That influences on biosynthetic, transport and
energetic functions of the cell membranes.

Unsurprisingly, that copper in form of CuCl,
strongly inhibits growth of C. tropicalis
RomCub.

Microbial mobilization of insoluble
metal compounds is possible by pH value
lowering and release into the medium organic
compounds (organic and fatty acids etc.) that
are metal chelators[11, 12].

Insoluble copper compounds, as CuO,
CuCOg, are mobilized at pH value lower than
4,6 (Fig. 4, reactions 10 and 11). C. tropicalis
RomCub lowered pH of culture liquid to 5.0.
so it was assumed to mobilize insoluble copper
compounds (CuO and CuCOjz). Active yeast
culture that lowered pH to 5.5 was added to
CuO and CuCOg. The concentration of soluble
copper compounds in the medium as CuO and
CuCOg dissolved increased proportionally to
the time of cultivation (Fig. 7). The maximum
concentration of Cu?' in both variants of the
experiment was observed on the 5 day and
cultivation (43 and 42 ppm of Cu?").

Candida tropicalis RomCub resistant
to ultra-high concentrations of copper
and able to interact with soluble and
insoluble copper compounds was isolated
from highland ecosystem of Ecuador.
The strain was shown to be metabolically
active in the presence of Cu?" in super high
concentrations, though Cu?' negatively
affected strains® metabolic parameters.
Strain is able to immobilize Cu?" in form of
copper citrate and CuCl, by accumulation in
biomass. High level of copper accumulation
in the biomass of C. tropicalis RomCub
makes it perspective for biotechnologies of
copper containing wastewater treatment.
As copper accumulation occurs in the

Fig. 6. Accumulation rate of copper in the form of copper citrate (4) and CuCl, (B) by C. tropicalis RomCub
and redistribution of accumulated copper in the yeast cell. ADM — absolutely dry mass
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Fig. 7. Mobilization of insoluble copper compounds by C. tropicalis RomCub:
1 —Cu0; 2 — CuCOg; SD==+0.6-1.5; SD=+0.6-1.1

result of non-specific processes based
on stereochemical analogy, physical and
chemical sorption C. tropicalis RomCub can
be assumed to be effective in wastewater
treatment from other toxic metals (Co2",
Ni2*, Zn?", etc). This question requires
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B3AEMOIIA
MIABPESUCTEHTHOI'O IITAMY
Candida tropicalis RomCub
I3 POSYMHHUMU I HEPOSYNHHUMH
CIIOJIYVKAMMU MII

€.11. IIpexpacra
O. B. Tawupes

ImcTuryT Mikpo6ioJorii i Bipycosorii
im. II. K. 3a6omoraoro HAH Vkpaiuu,
Kuis

E-mail: preckrasna@gmail.com

Hocaimxeno Biaemonito Candida tropicalis
RomCub, i30/150BaHOT0 3 BUCOKOTipPHOI eKOCHCTe-
mu ExXBazopy, 3 POSUMHHUMU Ta HEPO3UNHHUMU
CIIOJTYKaMU MiJi.

IIram C. tropicalis RomCub KyabTuByBaIu B
pinxomy cepemosuiii [licca y mprcyTHOCTI pO3UMH-
HuX (urpat miai ra CuCl,) Ta HeposunaHUX (CuO
Ta CuCOj3) ciosnyk mizgi. ITpupicT 6iomacu mramy
BU3HAUAJIU 34 3MiHOIO OIITUYHOI TYCTUHU, CKJIAT
rasosol (pasu — Ha razoBomy xpomarorpadi, pe-
IOKc-mmoTeHItiax Ta pH KyJabTypaabHOI pifnHa —
noTeHIioMeTpuuHO. KOHIIEHTPAIil0 POZUMHHUX
CITOJIYK MiJIi OIliHIOBaJIX KOJIOPUMETPUYHO.

MaxkcuMaabHO JomycTuMa KoHIleHTpaiia Cu
nmuia C. tropicalis RomCub crarnosuia 30 000 mr/
Cu?" y popmi murpary mizxi ta 500 mr/x Cu?’ y
dopwmi CuCly. C. tropicalis RomCub 6yB meTabo-
JiYHO aKTUBHUM 34 BMiCTy Cu?* Y HaJABHCOKHX
KOHIIEHTpAIlifgX, He3BasKalouu Ha iHribyouy maiio
Ccu?’. C. tropicalis RomCub iMmo6inisysas Cu?"
y dopmi murpary mini ra CuCl, 3a paxyHOK ary-
mysanii B 6iomaci. C. tropicalis RomCub posun-
HAB CuO Ta CuCO; BHACIINOK BaKNCIEHHA cepeo-
Bumia. Bucokra crifikicts C. tropicalis RomCub go
Cu?" i #ioro 3IaTHICTh B3AEMOJIATHY 3 POSUMHHUMU
Ta HEPO3UMHHUMU CIOJYKaMU Mifi poOuTs oro
MePCIeKTUBHUM [JId BUKOPUCTAHHS y 6ioTeXHO-
JIOTiSIX OUUIIIeHHSA CTIiYHMX BOJ BiJl METAJIiB Ta BU-
IOOYTKY Mifmi 3 6ifHUX PY[ Ta BigBaJIis.

2+

Knwuwoei cnoea: npixmxi, Candida tropicalis,
Migb, cri#ikicte g0 Migi, NpuUTrHiYeHHA
MeTaboJrismMy, imMmoOimisamis migi, mobimisaris
mini.
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B3AUMOJEVICTBHE
MEABPESUCTEHTHOI'O IITAMMA
Candida tropicalis RomCub
C PACTBOPUMBIMHU 1 HEPACTBOPUMbBIMH
COEIUHEHUAMU MEIN

E.II. IlpexpacHas
A. B. Tawupes

WNHCTUTYT MUKPOOMOJIOTUH ¥ BUPYCOJIOTUH
um. [1. K. 3a6orornoro HAH Ykpaunsl,
Kues

E-mail: preckrasna@gmail.com

Wsyueno B3aumopeiicteue Candida tropicalis
RomCub, n30/11poBaHHOTO 13 BEICOKOTOPHOM 9KO-
cucTeMbl JKBAIOpa, C PACTBOPUMBIMU U HEPACTBO-
PUMBIMY COEINHEHUAMU MEIH.

IIramwm C. tropicalis RomCub kyabTuBuposBa-
JIU B JKUAKOM cpefne ['ncca B mpuCyTCTBUU PACTBO-
pumbIx (rurpat menu u CuCl,) 1 HepacTBOPUMBIX
(CuO u CuCOs) coepuuennii megu. IIpupoct 6uo-
MAacchl IIITaMMa OIPEeNesIANN 10 U3MEeHEHUIO OIl-
TUYECKOH IIJIOTHOCTU, COCTaB Ira30BOi (ha3bl — Ha
ra30BOM xpomarorpade, pegoxkc-nmorenmnuan u pH
KYJbTYPAJIbHON JKUIKOCTA — IIOTEHIINOMETpUYe-
cxku. KOHIIeHTpaIio pacTBOPUMBIX COeAUHEHU
MeJU OIeHUBAJIN KOJOPUMETPUUECKH.

MakcumMajabHO mOmycTUMasd KOHI[EHTpA-
nus cu?" nisa C. tropicalis RomCub cocrasisa-
na 30 000 mr/x Cu®" B popme nurpara mexn u
500 mr/x Cu?" B dopme CuCl,. C. tropicalis
RomCub 6511 MeTaboanuecKy aKTUBHBIM B IIPU-
cyrereun Cu?’ B CBEeDXBBICOKMX KOHI[EHTDPAIH-
AX, HeCMOTPSA HA UHTUOUpPYyIoIliee AeiicTBIe Cu?".
C. tropicalis RomCub ummo6uauzosan Cu?’ B
(dopme nurpara mexu u CuCl, 3a cueT aKKyMyJIa-
muu B 6momacce. C. tropicalis RomCub pactBopsan
CuO u CuCOg3 BCclencTBUE 3aKUCJIEHUS CPelbl.
Bricokasa ycroituuBocTs C. tropicalis RomCub k
Cu?" 1 ero cocoGHOCTH B3aNMOLEHCTBOBATE C Pac-
TBOPUMBIMU ¥ HEPACTBOPUMBIMU COeTUHEHUIMU
MeJU eJIaeT ero MepPCIeKTUBHBIM JJIA UCII0JIb30-
BaHUA B OMOTEXHOJJOTUAX OUMCTKY CTOUHBIX BOJ
OT METAJIJIOB U NOOBIUM Meu 13 OeAHBIX Py U OT-
BAJIOB.

Kntouesnvle cnosa: nposx:xu, Candida tropicalis,
Melb, YCTOMUMBOCTD K MeAU, YIHEeTeHue MeTado-
JA1U3Ma, UMMOOMJIM3AnUA Meou, MOOMIM3AIM
Meu.



