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Desulfuromonas acetoxidans are gram-negative obligatory anaerobic sulfur-redu-
cing bacteria. Aerobes and facultative anaerobes possess specific enzymatic antioxidant sys-
tem which defenses them against toxic and mutagenic compounds or detrimental influence
of the oxygen. One of the most crucial components of it is catalase. It’s assumed that lack
or low activity of this system’ enzymes of the obligatory anaerobic microorganisms, such as
sulfur- or sulfate-reducing bacteria, causes they high sensitivity to the influence of oxygen
or toxic compounds, such as transition metals. The influence of FeSO,, FeCl,x6H,0, MnO,,
MnCl,*x4H,0, NiCl,x6H,0 and CoCl,x6H,0 on catalase activity of sulfur-reducing bacte-
rial D. acetoxidans cells has been investigated. The highest activity of investigated enzyme
has been observed under the influence of 0.5 mM, 1.5 mM and 2.0 mM of NiCl,x6H,0,
FeSO, and CoCl,x6H,0 respectively on the second day, 1.5 mM of MnO, on the third day
and 0.5 mM of FeCl,x6H,0 and 1.0 mM of MnCl,x4H,0O on the fourth day of growth in
comparison with control samples.

Key words: Desulfuromonas acetoxidans, sulfur bacteria, antioxidant defense, cata-
lase, transition metals.

Nowadays applying of ecological biotechnologies is one of the most crucial directions in
solution of the problem of different toxic metal ions environmental pollution, which is a result of
negative anthropogenic influence. Investigations of effective biological mechanisms of harmful
compounds detoxification by different microorganisms is one of the ways of it’s development [9].
Transition metals, such as Ferrum, Manganese, Nickel, Cobalt, Argentum, Cooper, Cadmium,
Zinc, Molybdenum etc are necessary in the micromolar concentrations for normal functionality
of microorganisms while their growth and functional activity are inhibited under the influence
of millimolar concentrations of these metals [14]. Despite that an exorbitant quantity of bacteria
possesses effective defensive mechanisms that protect them against negative toxic xenobiotics
influence. It determines their resistance towards high metal ion concentrations in the surrounding
environment [15].

Nickel, Ferrum, Manganese and Cobalt are required as trace elements by many bacteria.
Thus these metals are under specific investigations. Ferrum ions support effectivity of cell trans-
port systems work, take part in the intracellular energy production and cell division [9]. Nickel
and Cobalt are similar to Ferrum by their electrochemical properties. It allows to assume that
these elements could substitute iron under it’s restricted concentrations in the environment. These
elements are essential nutrients for selected microorganisms where they participate in a vari-
ety of cellular processes. Nickel ion is specifically incorporated into nickel-dependent enzymes,
often via complex assembly processes requiring accessory proteins and additional non-protein
components, in some cases accompanied by nucleotide triphosphate hydrolysis. To date, nine
nickel-containing enzymes are known: urease, Ni-Fe-hydrogenase, carbon monoxide dehydro-
genase, acetyl-CoA decarbonylase/synthase, methyl coenzyme M reductase, certain superoxide
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dismutases, some glyoxylases, aci-reductone dioxygenase, and methylenediurease [13]. Cobalt is
a constituent of vitamin B, and other corrinoids that are widespread coenzymes [14]. This metal
also possesses a significant role in the regulation of enzymes activity, especially these which are
involved in the regulation of aminoacids transamination [7]. It was investigated that Ferrum and
Manganese can be used as a final electron acceptors in the processes of anaerobic respiration,
such as dissimilative Fe**- and Mn*" — reduction that is carried by sulfur-reducing Desulfuromo-
nas acetoxidans bacteria.

D. acetoxidans are gram-negative obligatory anaerobic sulfur-reducing bacteria that inhabit
sulfur containing aquatic environments. These bacteria belong to the 0 - Proteobacteria class [10].

Sulfur- and sulfate-reducing bacteria (SRB) have a significant meaning in the maintenance
of ecological stability of surrounding environment. They are able to control transfer of metals in
aquatic sediments by the hardly soluble metal sulfids creation. The process, which is held by the
sulfur cycle reducive stage bacteria, represents an effective mechanism of biological remediation
of overconcentrated heavy metals environmental pollution [4]. SRB possess a unique potential of
spontaneous removal of metals and sulfates from the surrounding environment during the process
of sulfides bioprecipitation.

Reactive oxygen species (ROS) such as superoxide radical, hydrogen peroxide, hydroxyl
radical etc are toxic to all living cells. They are produced as a result of prolonged influence of
oxygen or toxic xenobiotics, such as heavy metal ions, on the cell. ROS cause amino-acid resi-
dues modification, proteins’ sulfhydryl groups oxidation, peptides’ connections cleavage, release
of metal from metaloproteids, nucleic acids depolymerization, point mutations, polysaccharides
and unsaturated fatty acids oxidation etc [2, 6]. Aerobs and facultative anaerobs possess an enzy-
matic antioxidant defensive system that prevents the consequences of this toxic and mutagenic
compounds and toxic oxygen influence. One of the most important components of it is catalase
(hydrogen peroxide: hydrogen peroxide oxidoreductase). This enzyme causes the two-electron
H,O, cleavage with O, and H,O production. In this case H O, is used as electrons donor. Cata-
lase belongs to the enzymes that support their activity during long time and almost don’t need
the activation energy. It was investigated that catalase could join four NADFH" molecules. As a
result it is defended against inactivation and enzyme activity enhances. Catalase hardly influxes
inside the cell and loses it’s activity in the extracellular surrounding, especially because of high
proteolytic enzymes activity [6].

Aerobic microorganisms possess an effective cascade functioning complex of defensive
enzymatic and non-enzymatic systems that cleavage reactive oxygen species and synthesize
DNA reparation enzymes and antioxidant defense regulations [2].

Obligatory anaerobic microorganisms, such as sulfur- and sulfate-reducing bacteria pos-
sess an increased sensitivity to the oxygen. This fact is explained by the lack or low activity of
antioxidant defensive system enzymes. It was investigated that this bacteria are able to live in
the environments that contain oxygen because of possession the alternative defensive mechanism
against oxidative stress. It includes:

»  specific rubredoxin oxidoreductase that possesses a superoxide dismutase activity,
causes an intercellular O, - reduction with H O production and also serves as terminal
oxidase;

*  Rubrerythrin that possesses NADH-peroxidase activity;

*  Similar to rubredoxin proteins that are used as intermediate electron donors [4].

Catalase activity has been observed among the several species of sulfate-reducing bacteria
of Desulfovibrio genus. There are D. desulfuricans, D. vulgaris, D. oxyclinae and D. gigas [6].
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Despite that, it isn’t investigated enough in sulfur-reducing bacteria.

That’s the aim of our work was to investigate the influence of different valences transi-
tion metals compounds, such as FeSO,, FeCl,x6H,0, MnO,, MnCl,x4H,0, NiCl,x6H,0 and
CoCl,x6H,0 on catalase activity of bacterial Desulfuromonas acetoxidans cells.

MATERIALS AND METHODS

The object of investigations was sulfur-reducing Desulfuromonas acetoxidans bacterium
that was extracted from Yavoriv sulfur aquatic field (Lviv region), obtained in the pure culture
and identificated at the Department of Microbiology of Ivan Franko National University of Lviv,
Ukraine. Bacteria were cultivated in the modified Postgait C medium [3, 5] during four days un-
der the anaerobic conditions and temperature +30°C with addition from 0.5 to 2.5 mM of FeSO,,
FeCl,x6H,0, MnO,, MnCl x4H,0, NiCl,x6H,0 and CoCl,x6H,0 into the growth medium. Con-
trol samples didn’t contain any investigated metal compounds. After the second, third and fourth
day of bacterial growth cell-free extracts were obtained by the following technique. Cells were
washed by 0.9% NaCl solution and disintegrated on the ultrasonic homogenizer at 22 kHz at 0°C
during five minutes. Cell debris were sedimented by centrifugation at 5635-8800g at 4°C during 30
minutes. Catalase activity was measured spectrophotometrically with wave length 410 nm by the
quantity of cleavaged hydrogen peroxide [12]. Reaction mixture contains 2,8 ml of 0,5% H,0O, solu-
tion and 0.1-0.2 ml of cell-free extract, diluted by » times with concentration 1 mg of protein per 1
ml. Incubation was carried out during 5 minutes. Reaction was stopped by 1 ml of 6% (NH,),MoO,
solution. Probe that contains H,O instead of cell-free extract solution served as a control.

Enzyme activity was calculated by the formula:

umol AE, 4n

" min‘mg of protein  110,6:¢-V-C ~
where AE, - difference between E,  of control sample and E,  of probe; 4 — the overall volume
of reaction mixture, ml; n — solution of cell-free extract, times; 110.6 — constant, determined by
the callibration curve; t — time of incubation, minutes, V — volume of cell-free extract, added to
the reaction mixture, ml; C — protein concentration in the probe, mg/ml.

Protein concentration in the cell-free extract was determined by Lauri method [11].

The crucial statistical indexes were calculated on the base of direct data, such as arithmetical
mean (M) and standard deviation of arithmetical mean (m). Student coefficient was calculated for
the estimation of validity of difference between statistical characteristics of two alternative blocks
of data. The difference was claimed to be valid under the index of validity P>0,95 [1]. Statistical
calculation of results were carried out by the Origin and Excel programs.

RESULTS AND DISCUSSION

Catalase activity of sulfur-reducing D. acetoxidans bacteria cell-free extracts has been
investigated under the influence of different concentrations of ferrous (II) sulfate, ferrous (III)
chloride hexahydrate, manganese (IV) oxide, manganese (II) chloride tetrahydrate, nickel (II)
chloride hexahydrate and cobalt (IT) chloride hexahydrate during four days of cultivation.

Addition of different FeCl,x6H,O concentrations caused the highest activity of inves-
tigated enzyme (61,36+0,77 umol/minxmg of protein) on the fourth day of growth under the
influence of 0.5 mM of investigated metal salt hydrate (fig. 1, 4). It increased by 2.2 times on the
second, by 3.8 times on the third and by 5 times on the fourth days of growth under such influence
of ferrous (III) chloride hexahydrate on investigated bacterial cells in comparison with control
samples. Increase of FeCl,x6H,0O concentration by 2.5 mM in the growth medium caused the
catalase activity decrease by 2.5 times on the second day of cultivation and increase by 2.7 and
3.9 times respectively on the third and fourth day of growth in comparison with control samples.
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Obviously, increase of duration of ferrous (III) chloride hexahydrate influence on D. acetoxidans
cells caused the enhance of catalase activity. It is possibly could be explained by reactive oxygen
species production, especially of hydrogen sulfide creation under the influence of investigated
metal salt. It was investigated that existence of unconjugated Ferrous ions, sulfides and sulfhy-
dryl groups in bacterial growth medium enhances peroxide radicals production that significantly
increases bacterial antioxidant defensive system activity [4].

Under the influence of ferrous (II) sulfate the highest catalase activity was observed on
the second day of bacterial growth with addition of 1.5 mM of metal salt in the growth medium.
It equaled 28,52+0,34 umol/minxmg of protein (fig. 1, B). Increase of metal salt concentration in
the growth medium from 0.5 to 1.5 mM caused the enhance of catalase activity by 2.1-2.5 times
on the second and by 42—80% on the third day of growth respectively in comparison with control
samples. Activity of investigated enzyme decreased by 65% under the influence of 0.5 mM of
FeSO, and by 3.3 times under the influence of 1.5 mM of investigated Ferrous salt respectively on
the fourth day of growth. Catalase activity increased by 2.4 and 1.5 times on the second and third
days and decreased by 3 times on the fourth day of growth respectively under the influence of 2.5
mM of FeSO, in comparison with control samples. Possibly, increase of duration of investigated
metal salt influence doesn’t cause toxic effect on investigated bacterial cells. As a result, catalase
activity as one of the mechanisms of antioxidant defensive system decreased.
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Fig. 1. The influence of (4) ferrous (III) chloride hexahydrate and (B) ferrous (II) sulfate on catalase actvity
of cell-free D. acetoxidans extracts during four days of cultivation.

Obviously, Fe?" as a final products of dissimilative Fe**- reduction are necessary for sup-
porting of normal cell functionality of D. acetoxidans bacteria [9].

Results of nickel (II) chloride hexahydrate influence on catalase activity of sulfur-reducing
D. acetoxidans bacteria are presented on the fig. 2, 4. The maximal activity of investigated en-
zyme was observed on the second day of growth under the influence of 0.5 mM of NiCl x6H.,O. It
equaled 30,49+0,63 pmol/minxmg of protein. Catalase activity was higher by 2.7; 2 and 1.7 times
respectively on the second, third and fourth days of growth in comparison with control samples
under the influence of this metal salt hydrate concentration. Increase of NiCl,x6H,O concentra-
tion to 2.5 mM caused the increase of catalase activity by 67 and 32% respectively on the second
and third days of growth compared with control samples. On the fourth day of growth it decreased
to the control samples level.

Possibly, high concentrations of hydrogen peroxide are produced on the first stages of
different concentrations of nickel (II) chloride hexahydrate influence on investigated bacteria.
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As a result, high catalase activity was observed during the second day of D. acetoxidans bacteria
growth under the influence of NiCl x6H,0.

Addition of different CoCl,x6H,O concentrations into the growth medium caused the
highest catalase activity of sulfur-reducing D. acetoxidans bacteria under the influence of 2.0
mM of investigated metal salt hydrate on the second day of growth. It equaled 38,68+0,59 umol/
minxmg of protein (fig. 2, B).
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Fig. 2. The influence of (4) nickel (II) chloride hexahydrate and (B) cobalt (II) chloride hexahydrate on
catalase activity of cell-free D. acetoxidans extracts during four days of cultivation.

Catalase activity increased by 3.4; 2.6 times and by 86% respectively on the second, third
and fourth days of growth compared with control samples under the influence of investigated
cobalt (IT) chloride hexahydrate concentration. Unlike NiCl,x6H,0O influence on investigated en-
zyme activity of D. acetoxidans, increase from 0.5 to 2.5 mM of cobalt salt hydrate concentration
caused the increase of investigated enzyme activity in comparison with control samples during
the whole investigated period of cultivation. It increased by 3, 2.6 and 1.8 times respectively on
the second, third and fourth days of growth in comparison with control samples under the influ-
ence of 2.5 mM of cobalt (II) chloride hexahydrate.

Obviously, increase of Cobalt ions concentration in the bacterial growth medium causes
the intracellular ROS content enhance on the first stages of metal-bacteria interaction. It is caused
cell defensive mechanisms activation, especially activation of antioxidant system as a reaction
to stress, caused by transition metal long-term exposure. Possibly, high Co?* concentrations are
more toxic to investigated bacterial cells in comparison with Ni**.

Catalase activity changes of sulfur-reducing D. acetoxidans bacteria under the influence
of manganese (IV) oxide have been investigated. MnO, and FeCl,x6H,0 are strong prooxidants.
That’s why catalase activity was the most high under the influence of these compounds in com-
parison with all other investigated transition metals influence. Addition of manganese (IV) oxide
into the growth medium caused the maximal activity of investigated enzyme under the influence
of 1.5 mM of Mn*" on the third day of growth. It equalled 56,32+0,67 umol/minxmg of protein
(fig. 3, A). Under such conditions investigated enzyme activity increased by 4.6 times in compari-
son with control samples. Increase of MnO, concentration from 0.5 to 2.5 mM caused the inhibi-
tion of catalase activity by 1.4—1.8 times on the second, 4.3—4.1 times on the third and 2.3-2.2
times on the fourth days of cultivation in comparison with control samples. Obviously, existence
of MnQ, in the cultural medium causes the intensive reactive oxygen species production. It causes
an activation of catalase synthesis as the mechanism of cell defense against an oxidative stress.



O. Bacunis, C. lTHamyw
212 ISSN 0206-5657. BicHuk JlbBiBCbKOro yHiBepcuteTy. Cepis GionoriyHa. 2011. Bunyck 57

Decrease of investigated enzyme activity possibly is caused by partial manganese (IV) oxide
cleavage and Mn*" involving in the process of Mn*" — reduction, which is held by sulfur-reducing
D. acetoxidans bacteria. In this process they support themselves with the energy and Mn?" that are
needed for bacterial cells normal physiological and biochemical functionality [8, 9].

Under the influence of manganese (II) chloride tetrahydrate the highest catalase activity of
sulfur-reducing D. acetoxidans bacteria was observed on the fourth day of growth with addition
of 1.0 mM of metal salt hydrate in the growth medium. It was 36,62+0,70 pmol/minxmg of pro-
tein under such growth conditions (fig. 3, B). Investigated enzyme activity increased by 2.9 times
under the influence of this concentration of MnCl x4H, O in comparison with control samples.
Increase from 0.5 to 2.5 mM of metal chloride hexahydrate concentration in the growth medium
caused the increase of catalase activity by 2.6-2.3, 2.6-2.4 and 2.8-2.7 times respectively on the
second, third and fourth days of cultivation in comparison with control samples. Under the influ-
ence of MnCl,x4H, O catalase activity was lower in comparison with the influence of MnO, that
is strong prooxidant.
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Fig. 3. The influence of (4) manganese (IV) oxide and (B) manganese (II) chloride hexahydrate on catalase
actvity of cell-free D. acetoxidans extracts during four days of cultivation.

Catalase activity of D. acetoxidans bacteria almost didn’t change during four days of
bacterial growth under the influence of different manganese (I1) chloride hexahydrate concentra-
tions. Possibly it could be explained by the fact that increase of MnCl,x4H, O concentration and
duration of it’s influence cause the toxic effect on cell’s enzyme functionality, activity of repara-
tion systems, microbial transport systems etc. Possibly, catalase activity increases as one of cell
defensive mechanisms against negative influence of reactive oxygen species which are produced
because of MnCl,x4H,O long-term exposure on the cells of investigated bacteria.

Thus, the highest catalase activity of sulfur-reducing D. acetoxidans bacteria was ob-
served under the influence of 1.5 mM of MnO, and 0.5 mM of FeCl,x6H,O respectively on the
third and fourth days of cultivation in comparison with control samples. Under such conditions
it was higher by 2 times in comparison with the influence of other investigated transition metal
compounds. Under the influence of NiCl,x6H,0, FeSO, and CoCl x6H,O the highest catalase
activity was observed on the second day of growth with addition of 0.5 mM, 1.5 mM and 2.0
mM of investigated metal salts respectively. Under the influence of MnCl,x4H,0 the maximal
activity of investigated enzyme was observed with addition of 1.0 mM of metal salt hydrate into
the growth medium. Obviously, ferrous (IIT) chloride hexahydrate and manganese (IV) oxide that
are strong oxidants, served as prooxidants towards sulfur-reducing bacterial D. acetoxidans cells.
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As a result, the activity of their antioxidant defensive system, in particular catalase activity, was
maximal under such influence. Effect of other investigated transition metal compounds caused
lower investigated enzyme activity. Possibly, it shows that NiCl,x6H,0, FeSO, and CoCl x6H,O
possess less toxic effect toward the cells of investigated bacteria in comparison with FeCl,x6H,0
Ta MnO.,.

CONCLUSIONS

It was shown that sulfur-reducing Desulfuromonas acetoxidans bacteria possess antioxi-
dant defensive system activity, in particular catalase functioning, under the derimental influence
of different concentrations of transition metals, despite that there are obligatory anaerobic mi-
croorganisms. The influence of such transition metal compounds as FeSO,, FeCl,x6H,0, MnO,,
MnCLx4H,0, NiClx6H,0 and CoCl,x6H,O on catalase activity of investigated bacteria has
been investigated. The maximal activity of investigated enzyme has been observed under the
influence of 0.5 mM, 1.5 mM and 2.0 mM of NiCl x6H,0, FeSO, and CoCl,x6H,O respec-
tively on the second day of growth, 1.5 mM of MnO, on the third day of growth and 0.5 mM of
FeCl,x6H,0 and 1.0 mM of MnCl,x4H,0 on the fourth day of bacterial cultivation in compari-
son with control samples. Under the influence of different concentrations of ferrous (I11) chloride
hexahydrate and manganese (IV) oxide catalase activity was higher by 2 times in comparison
with the influence of other investigated transition metal compounds.
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BIIV/INB CITIOJIYK NEPEXITHUX METAJIIB HA AKTUBHICTb KATAJIA3ZHA
VY KJAITUHAX CIPKOBIJTHOBJIFOBAJIbHUX BAKTEPII
DESULFUROMONAS ACETOXIDANS
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Desulfuromonas acetoxidans — rpaMHeraTuBHi 0OJiraTHO aHaepOOHi CipKOBITHOB-
TmoBaNIbHI OakTepii. [ 3aXHCTy Bil TOKCHYHUX 1 MyTareHHUX CIIONYK i yCYHEHHS TOKCHY-
HOTO BIUTMBY KHCHIO B aep0o0iB Ta (aKyIbTaTHBHUX aHaepOOiB iCHY€e EH3UMAaTHYHA CHCTEMa
AHTHOKCHAAHTHOTO 3aXHCTY, OHIEIO 3 HAMBAXIUBIIINX CKIAJOBUX AKOi € Karanasa. [Ipu-
ITyCKaIOTh, IO BiICYTHICTh YM HHW3bKa aKTHUBHICTH (DEPMEHTIB JaHOI CHCTEMH B OOJIIraTHO
aHaepoOHUX MIKpPOOPraHi3MiB, 30KpeMa CipKo- Ta Cymb(paTpeayKyounx OakTepiid, 3yMOB-
JIIO€ TXHIO MiABHUIIEHY YyTJIMBICTD 10 KUCHIO Ta Jil TOKCHYHHX CIIOIYK, 30KpeMa Mmepexija-
nux Metanis. Jocmimkeno smms FeSO,, FeCl,x6H,0, MnO,, MnCl,x4H,0, NiCl x6H,0
Ta CoCl,x6H,0 Ha akTHBHICTb KaTasa3u CipkKoBiIHOBIIOBAILHUX OakTepii D. acetoxidans.
BusiBieHo MakcuMallbHYy aKTHBHICTB JOCHIKyBaHOTO (epMeHTy 3a BrumBy 0,5 MM, 1,5
MM ta 2,0 MM Bignosiano NiCl,x6H,0, FeSO, ta CoCl,x6H,0 na mpyry mo0y, 1,5 MM
MnO, na tpetro 106y ta 0,5 MM FeCl,x6H,0 i 1,0 MM MnCl,x4H,0 na yetsepTy 100y
KyJbTUBYBaHHS, TOPIBHSIHO 3 KOHTPOJIEM.

Knrouogi cnosa: Desulfuromonas acetoxidans, cipkobaxrepii, aHTHOKCHIAHTHUH 3a-
XHCT, Karanasa, MepexiIHi MeTalu.
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BJIUSHUE COEJUHEHUM MMEPEXOIHBIX METAJLJIOB HA AKTUBHOCThH
KATAJIA3BI B KJIETKAX CEPOBOCCTAHABJIUBAIOIIUX BAKTEPUI
DESULFUROMONAS ACETOXIDANS
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JIveosckuil nayuonanonulll yHugepcumem umenu Meana Opanko
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Desulfuromonas acetoxidans — TpaMOTpHIIaTeIIBLHBIE OOIUTaTHO aHAYPOOHEIE CEepo-
BOCCTaHABJIMBAIOIIME OakTepuu. J{jist 3aIUThI OT TOKCHYECKUX H MyTareHHBIX COCANHEHUN
U YCTPAHEHHUsI TOKCHYECKOTO BIMSHUS KUCIOPOJia y a3po00B 1 (haKy/IbTaTHBHBIX aHa’poOOB
CIYXXMT 5SH3MMaTHuYecKas CHCTéMa AHTHMOKCHIAHTHOW 3allluThl, Ba)KHEMIIEH 4YacTbiO
KOTOpOH sIBIsIeTCs Karajasa. [Ipeamonaraercs, 4TO OTCYTCTBUE MJIM HH3Kas aKTUBHOCTb
(epMEHTOB 3TOH CHCTEMBI y OOIMIaTHO aHa3POOHBIX MHKPOOPTaHMU3MOB, B YaCTHOCTH
cepo- u cynsdarpenyrupyronmx Gakrepuil, o0yciaBIMBaeT MX NOBHINIEHHYIO TyBCTBH-
TEIBHOCTB K KUCIIOPOY U JeHCTBUIO TOKCHYECKHX COSANHEHNUH, B YaCTHOCTH NEPEXOIHBIX
metaiioB. Mccnenosano smusuue FeSO,, FeCl,x6H,0, MnO,, MnClL,x4H,0, NiCl,x6H,0
1 CoCl,x6H,0 Ha akTMBHOCTb KaTasa3bl CEPOBOCCTAHABIMBAIOIIMX OakTepuit D. acetoxi-
dans. 3adukcupoBaHa MaKCHMMaJbHAsi aKTHBHOCTb MCCIIELyeMOoro (hbepMeHTa MpH BIUSHUU
0,5 MM, 1,5 MM 1 2,0 MM cootserctenno NiCl,x6H,0, FeSO, u CoCl,x6H,0 na Bropsie
cytku, 1,5 MM MnO, na tpetbu cytku, 0,5 MM FeCl,x6H,0 u 1,0 MM MnCl,x4H,0 na
YeTBEPThIC CYTKH KYJIBTHBHPOBAHUS 110 CPABHEHHIO C KOHTPOJIEM.

Knrouesvie crnosa: Desulfuromonas acetoxidans, cepoOakTepin, aHTHOKCHIaHTHAS
3aIlIUTa, KaTanasa, IepexoHbIe MEeTaJUIbL.



