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Glutathione is the metal stress protector and changes of its level in the sulfate-reducing bacteria cells
under the influence of heavy metal salts have not been studied yet. CdCl,, Pb(NO,),, CuCl,, and ZnCl, influence
on the total glutathione level in cell-free extracts of sulfate-reducing bacteria Desulfovibrio desulfuricans IMV
K-6 was studied. The research has been carried out using Ellman, Lowry methods, statistical processing of the
results. It was shown that the glutathione level depends on the heavy metal salts concentration in the medium.
The total glutathione level was the highest under the influence of Pb(NO, ),. Other salts were also toxic to
bacteria because glutathione level increased in bacterial cells after addition of these salts to the medium. On
the basis of the results of our work the range of heavy metal salts influence on D. desulfuricans IMV K-6 cells
glutathione level has been formed for the first time: Pb(NO,), > CuCl, > CdCl, > ZnClI,
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he ore mining from Yavoriv sulfur quarry
I (Lviv region, Ukraine) was stopped in 1992
because of world sulfur industry crisis.
Since 2002 the quarry has become flooded by the
surface rivers flow from the water intake forming
the Yavoriv Lake [1]. Under the conditions of large
organic compounds and sulfates amounts accu-
mulated in the bottom water layers the intensive
development of sulfur cycle bacteria, including
sulfate-reducing bacteria, is observed. They reduce
sulfur ions to the toxic hydrogen sulfide [2, 3].

The analysis of heavy metal ions (Cd**, Zn?*,
Pb?*, Cu?") level in Yavoriv Lake water over the last
years has shown their fast accumulation in the bot-
tom sediments that causes microbiocenoses func-
tioning disruption [3].

Desulfovibrio desulfuricans IMV K-6 can sur-
vive at water drying conditions. It is determined
by the presence of antioxidant enzymes such as
catalase, superoxide dismutase and peroxidase-re-
ductase glutathione system. The last system is acti-
vated by the toxic compounds influence because of
glutathione capability to bind and decontaminate
xenobiotics with inner cysteine sulfhydryl groups.
Since heavy metal ions cause the appearance of
active oxygen forms in cells, the peroxidase-reduc-
tase glutathione system is activated to neutralize
them [4—7]. However, the data of heavy metal ions
influence on the total glutathione level in sulfate-
reducing bacteria, extracted from Yavoriv Lake
water, has not been studied yet.

The aim of our work was to study the influen-
ce of CdCl,, Pb(NO,),, CuCl,, and ZnCl, on the
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total glutathione level in the cells of D. desulfuri-
cans IMV K-6 isolated from Yavoriv lake.

The aim was accomplished using Ellman,
Lowry methods, statistical processing of the re-
sults, the obtained data were compared with those
from literature.

Materials and Methods

The objects of our research were sulfate-re-
ducing bacteria D. desulfuricans IMV K-6, iso-
lated from the Yavoriv Lake water and identified
at Microbiology Department of Ivan Franko Lviv
National University [8].

D. desulfuricans IMV K-6 were cultivated in
Postgate C medium [9] for 3 days at +25...+28 °C
in anaerobic conditions for accumulation of bio-
mass.

The bacteria were cultivated with different
CuCl,, CdCl,, Pb(NO,), and ZnCl, concentrations
(0.5, 1.0, 1.5, 2.0 and 2.5 mM) for the investiga-
tion of heavy metal salts influence on the total
glutathione level. Metal salts were not added to the
control sample. After 24, 48 and 72 h the cells were
collected and the cell-free extracts were obtained.

The cells were homogenized using the ultra-
sonic disintegrator UZDN—2T at 22 kHz for 5 min
at 0 °C to obtain the cell-free extracts. The suspen-
sion was displaced into centrifugal tubes, and cell-
free extract was separated from the cell fragments
by centrifugation during 30 min at 12—15-10° rpm
at +4 °C by the CR-2 centrifuge. Bacteria were
washed from the medium with 0.9% NaCl solution.
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Protein concentration in the cell-free extracts
was determined by the Lowry method [10]. The
weight of cells was recalculated by the total protein
content. The unit of measurement was mg of pro-
tein per ml of suspension.

The total glutathione level was measured by
the Ellman method [11]. The potassium biphos-
phate (0,1 M) and 1 ml of distilled water was add-
ed into the tube with supernatant 2 ml of 1.5 mcM
DTNB (di-thio-bis (2-nitrobenzoic) acid). The op-
tical density of the obtained solution was measured
using the spectrophotometer SF-46. The method
is based on the principle of formation of 5-thio,2-
nitrobenzoic acid (TNB), the product of interac-
tion between DTNB and acid-soluble thiol groups,
which has a maximum of absorption at a wave-
length of 412 nm.

The basic statistic parameters (mean — M,
mean-square deviation — m) were calculated using
the experimental data. To estimate the validity of
the difference between statistical characteristics of
the data the Student’s index was calculated. The
difference was valid when P > 0.95 [12]. Statisti-
cal processing of the results was performed using
Excel and Origin programs [13].

Results and Discussion

CdCl,, Pb(NO,),, CuCl,, and ZnCl, in-
fluence on D. desulfuricans IMV K-6 total glu-
tathione level during 72 h of cultivation was studied
(Fig. 1—4). Our results show that the heavy metal
salts have different influence on the total tripep-
tide level in the studied bacteria cells. Glutathione
level increased with the increase of cadmium salt
concentration during 24 and 48 h, in comparison
with the control. It did not change after 72 h un-
der 0.5-2.0 mM CdCl, influence in comparison
with the variant without salt and increased with the
addition of 2.5 mM CdCl,. Maximal glutathione
level (1.10x10-2 mmoles/g of protein) was revealed
after 24 h of cultivation with 2.5 mM CdCl,. The
decrease of this compound level under the influ-
ence of low metal salt concentration (0.5 mM)
is, probably, caused by the cell wall damage and
Arndt-Shultz effect [2]. The increase of cadmium
salt level resulting in glutathione concentration rise
is, probably, associated with cadmium ions detoxi-
cation (Fig. 1).

Glutathione level decrease after 72 h of culti-
vation in comparison with that after 24 and 48 h is,
possibly, related to the bacterial metabolic activity
inhibition after long-term cultivation with cadmi-
um chloride [14]. The increase of its level in the
control medium after 24 h of cultivation in com-
parison with a longer period is, probably, related
to the activation of the antioxidant defense sys-
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Fig. 1. Total glutathione level in the cells of
D. desulfuricans IMV K-6 under the influence of
CdCl,( (M £ m, n = 3; * P <0.05 ** P < 0.0I;
*#% P < 0.001, compared with the control)

tem of D. desulfuricans IMV K-6 bacteria after the
seeding and, as a result, more intensive glutathione
synthesis. The results of our work have the similar
regularity as research of [15]. The authors showed
the glutathione level increase in Campylobacter je-
Juni cells under the conditions of CdCl, addition to
the medium [15].

The lead salt concentration being increased in
the medium the total glutathione level in D. desul-
Sfuricans IMV K-6 cell-free extracts increased in
comparison with the control (Fig. 2). Maximal
glutathione level (9.70x10-> mmoles/g of protein)
was determined at 1.5 mM Pb(NO,), after 24 h
of cultivation. Under 2.5 mM lead salt influence
the level increased six times after 24 and 72 h of
incubation, in comparison with the salt-free sam-
ple. Glutathione concentration increase is, prob-
ably, caused by the active Pb(NO,), detoxification
by binding lead ions with glutathione sulfhydryl
groups [16]. Glutathione level reduction after long-
term cultivation is, possibly, caused by microbial
metabolic activity decrease as well as other com-
ponents of enzyme antioxidant system activation
[5, 17].

Our data are similar to the results of Roels H.
et al. [18] showing glutathione level decrease under
long-term lead salt influence on eukaryotic cells.

Under the influence of CuCl, the total glu-
tathione level in the cell-free extracts increased
with the increase of heavy metal salt concentration
in the medium during 24, 48 and 72 h of cul-
tivation, in comparison with the control (Fig. 3).
However, after 48 and 72 h of cultivation under
the influence of high copper chloride concentra-
tions (2.0—2.5 mM) the level was lower than it was
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Fig. 2. Total glutathione level in the cells of
D. desulfuricans IMV K-6 under the influence of
Pb(NO,),(M £ m, n=3; *P<0.05 **P<0.0I;
**x P < 0.001, compared with the control)

under the same conditions after 24 h. Maximal
glutathione level (1.46x10-2 mmoles/g of protein)
was observed in the samples cultivated during 24 h
in the medium with 2.5 mM CuCl,. Glutathione
level increased 4 times after 24 h of cultivation
with 2.5 mM CuCl, and 3 times after 48 and 72 h,
in comparison with the metal-free sample. The
considerable increase of this tripeptide level after
24 h of cultivation at all studied concentrations,
perhaps, is caused by oxidative stress after cells’
contact with the molecular oxygen at the addition
of cells to the medium and with active binding of
the toxic ions by glutathione [5, 7]. The increase
of glutathione level in the presence of 1.0—2.5 mM
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Fig. 3. Total glutathione level in the cells of
D. desulfuricans IMV K-6 under the influence of
CuCl,(M = m, n = 3; * P <0.05; ** P < 0.0I;
**% P < 0.001, compared with the control)
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of copper chloride, probably, testifies to the high
toxicity of these CuCl, concentrations for D. desul-
Sfuricans IMV K-6 cells. The low glutathione
concentration in the samples in the presence of
0.5 mM copper chloride for 48 and 72 h of cultiva-
tion, probably, shows that copper ions are neces-
sary for providing some cells enzymes functions
[6, 17]. The decrease of its concentration in the
cells after 48 and 72 h of cultivation, compared
to 24 h, is followed by the cells’ biomass decrease
that, probably, testifies to the culture transition to
the stationary phase of growth.

The results of our work are similar to the
results of Freedman et al. [6] who showed the
glutathione level rise with Cu?* concentration in-
crease.

In the cells grown with different ZnCl, con-
centrations in the medium, the glutathione level
highly increased after 24 h of cultivation, in com-
parison with the salt-free sample (Fig. 4). On the
contrary after 48 and 72 h the glutathione level
increased under the influence of 0.5—1.0 mM
of zinc chloride but was practically unchanged,
in comparison with the control, after the addi-
tion of 1.5-2.5 mM ZnCl,. In the presence of
1.0 mM zinc salt in the medium the glutathione
level increased 2 times during 24 and 48 h and
1.5 times — during 72 h of cultivation, in compari-
son with the salt-free sample. Maximal glutathione
level (1.16x10-2 mmoles/g of protein) was observed
in the sample which contained 2.0 mM ZnCl, after
24 cultivation hours. The glutathione increase is,
perhaps, caused by the oxidative stress generation
and peroxidase-reductase glutathione system acti-
vation to make harmless the active oxygen parti-
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Fig. 4. Total glutathione level in the cells of
D. desulfuricans IMV K-6 under the influence of
ZnClL (M = m, n = 3; * P <0.05 ** P <0.0I;
*#% P < 0.001, compared with the control)
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cles, appearing under the heavy metal salt influen-
ce in the studied bacteria [5]. The research made
by Chen et al. has shown the glutathione level rise
in the eukaryotic cells in the medium containing
Zn?**, that coincides with our results [4].

Glutathione level in the cells is the highest
after addition of Pb(NO,), to the medium. lons
of this metal, probably, have the highest direct or
indirect (via free radicals formation) influence on
D. desulfuricans IMV K-6, in comparison with
other studied heavy metal salts [6, 7]. Low increase
of glutathione level under zinc and cadmium in-
fluence has been obtained. The presence of these
elements in low concentrations during the cultiva-
tion time probably does not considerably alter the
functions of enzymes and activate metabolic path-
ways. High concentrations of these compounds
as well as long-term action, probably, depress the
metabolic processes of studied bacteria.

In that way, it has been established that to-
tal glutathione level in D. desulfuricans IMV K-6
cells depends on heavy metal salt concentration
in the medium. The highest level of glutathione
was observed under the influence of Pb(NO,),.
Other salts were also toxic to bacteria because
glutathione level increased in bacterial cells after
the in addition to the medium. On the basis of
the results of our work the range of heavy metal
salts influence on D. desulfuricans IMV K-6 cells
glutathione level is formed for the first time:
Pb(NO,), > CuCl, > CdCl, > ZnCl,.

Heavy metal ions at low concentrations and
after short-term influence may stimulate the
growth, physiological and biochemical activity of
microbial cells [2]. However, after long-term ac-
tion on bacteria they depress cells’ metabolism and
disturb biogeochemical sulfur cycle processes [14].

Metal ions play an important role in the vi-
tal processes of microorganisms. Such metals as
copper and zinc are essential components of the
medium, since they participate in the cycle of cel-
lular redox processes, stabilize molecules through
electrostatic binding, are the cofactors of some en-
zymes and regulate the osmotic pressure [2].

Zinc ions inhibit the bacterial enzymes ac-
tivity, including dehydrogenase, acid and alkaline
phosphatases, arylsulfatase, urease as well as nitri-
fication processes, changing the soil pH.

It is supposed that the toxic effect of Pb ions
manifested in changes of biochemical parameters
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of plasma membrane (ATPase activity, the values
of Ap) and disturbance of barrier function with
subsequent release of anions [16].

Cadmium ions cause the damage of cell divi-
sion and ultrastructure, blocking protein synthesis,
the inhibition of nitrogen fixation, photosynthe-
sis, oxidative phosphorylation, and formation of
strong links with low mass protein. Cd?** can join
the sulfhydryl groups, causing inactivation of en-
zymes [19].

Our previous research showed, that CdCL,
Pb(NO,), or CuCl, concentration increase in the
media caused the reduction of D. desulfuricans
IMV K-6 biomass as well as SO,> application by
these microorganisms, instead of ZnCl, [14]. The
addition of lead ions into the studied bacteria
growth media cause the decrease of total cell pro-
tein content [5].

Glutathione is one of the protectors from neg-
ative effect of metals in the bacteria cells. These
are tripeptide (glutamil-cysteil-glycin) prokaryotic
and eukaryotic cells protecting from osmotic, oxi-
dative stress and electron-seeking particles includ-
ing heavy metal salts. As a result of glutathione
synthesis by bacteria cells, the glutathione peroxi-
dase and glutathione reductase enzyme systems
become activated and catalyze hydrogen peroxide
reduction to water [7].

It is known from literature data that sulfate-
reducing bacteria of D. desulfuricans are capable
of synthesizing glutathione, although its level is
lower than in the other studied bacteria [20]. The
results of our studies also indicate the presence
of small amounts of glutathione in the cells of
D. desulfuricans IMV K-6. In bacterial cells of
the genus Desulfovibrio glutathione is synthesized
by the impact, in particular, toxic concentrations
of copper [5], as well as of other metal ions and
toxins for immediate neutralization of binding
(primary cellular response to oxidative stress) or
neutralization of the intermediate Fenton reac-
tions products or in the presence of organic hy-
droperoxides and other reactive oxygen species in
the cells [7]. We have observed the change of glu-
tathione level in D. desulfuricans IMV K-6 cells
under the effect of heavy metal salts. On the ba-
sis of the results of our work the range of heavy
metal salts influence on D. desulfuricans IMV K-6
cells glutathione level is formed for the first time:
Pb(NO,), > CuCl, > CdCl, > ZnCl,.
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PIBEHD IJIYTATIOHY Desulfovibrio
desulfuricans IMV K-6 3A BILUINBY
COJIEN BAXKKUX METAJIIB
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JIbBiBCbKMI1 HalliOHAJILHUI YHiBEPCUTET
imeHi IBana ®panka, YkpaiHa,
e-mail: Ivan_Kushkevych@ukr.net

I'myrarion 3abe3rneuye 3axuUCT KIITUH Bif
CTpecy, CIPUUYMHEHOro i€l BaXXKHUX MeTaiB.
TIpoTe 11e He BMBYEHO 3MiHU MOro BMICTY Y
cynb(haTBiAHOBIIOIOYNX OaKTepisax 3a dil coneit
BaXXKWX MeTaliB. Y poOOTi AOCHiIXEHO BIJINUB
coneit CdCl,, Pb(NO,),, CuCl, ta ZnCl, Ha 3a-
raJibHUi BMICT TJyTaTiOHY B O€3KJITUHHUX €KC-
TpakKTax Ccynb(aTBiIHOBIIOIOYNX OaxTepiit
Desulfovibrio desulfuricans IMV K-6. [lociaKeHHsI
MPOBOAMJIN 3 BUKOPUCTaHHSIM MeToAiB Ennmana,
Jloypi Ta craTucTuyHOi OOpPOOKM pe3yJibTaTiB.
TTokazaHo, 1110 BMIiCT TJIyTaTiOHY B O€3KJITUHHUX
eKCTpaKTax JOCHiJXyBaHUX OakTepili 3aje-
KUTb BiJl KOHLEHTpallii cojieii BaKKMX MeTaJliB
y cepenosuili. 3a aii Pb(NO,), 3aranbHuit B7MicT
ryTaTioHy OyB HaiOinblmMM. IHIOI cOJIi Takox
€ TOKCUUYMMM IS OakTepiil, OCKiJbKM BMIiCT
MIyTaTioHy 30iJbLIYETHCS B pa3i BHECEHHS LMUX
CHOJIYK Y CepeaoBUlle KyJIbTUBYBaHHs. Ha ocHOBI
pe3yJbTaTiB poOOTH BIepile MNoOyI0BaHO Pl
JOCJiIXXyBaHUX CoJield MeTalliB 3a epeKToM iX il
Ha BMICT TJyTaTioHy B OakTepisix D. desulfuricans
IMV K-6: Pb(NO,), > CuCl, > CdCl, > ZnCl,.

KniouyoBi cinoBa: cyibdharBiJHOBIIOWOUI
OakTepii, MepOKCHAA3HO-pEeAyKTa3Ha CHUCTeMa
[JIyTaTiOHY, KaAMili, CBUHElb, Millb, LIMHK.

YPOBEHD INTYTATUOHA Desulfovibrio
desulfuricans IMV K-6 IIPU BJINAHUN
COJIEA TAKEJIBIX METAJIJIOB

HU. B. Kywkeeuu, C. A. Thamyu,
I. B. Mymenko

JIbBOBCKMIA HAIIMOHAJIBHBIM YHUBEPCUTET
nmenu MBana ®paHko, YkpauHa;
e-mail: Ivan_Kushkevych@ukr.net

I'nytaTtvoH obecrnieyrBaeT 3allUTY KJIETOK OT
cTpecca, BEI3BAHHOTO IEUCTBUEM TSKEJTBIX MeTall-
JoB. OHAKO ellle He M3yYeHBl U3BMEHEHUS eT0 CO-
JIepKaHWS B CYIb(aTBOCCTaHABIMBAIOIINX OaKTe-
pUAX TOH ACUCTBUEM COJIEM TIXKEJIBIX METAJIJIOB.
B paGore wuccnenosano BnusaHue coneir CdCl,,
Pb(NO,),, CuCl, u ZnCl, Ha oOiuee comepxaHue
IJIyTaTUOHA B OECKJIETOYHBIX 3KCTPaKTaX CYiIb-
(haTBoccTaHaBIMBaloIUX OakTepusix Desulfovibrio
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desulfuricans IMV K-6. VccnenoBaHust poBOIK-
JIUCh C UCTOJb30BaHWEM METOAOB DiliMaHa, Jloy-
pU U CTAaTUCTUYECKOM OOpPabOTKU pPe3yJbTaTOB.
Iloka3zaHo, 4TO comepxKaHue IJyTaTuoHa B Oec-
KJETOUHBIX IKCTPAKTax MCCIEAyeMbIX OaKTepuii
3aBUCUT OT KOHIICHTPALIMU COJIEH TSKEIBbIX Me-
tajioB B cpene. Ilpu BosaeiictBun Pb(NO,), 06-
1iee cojepKaHue IIyTaTuoHa ObLJIO HAMOOJIBIIUM.
Hdpyrue coau Takxke SIBASIOTCS TOKCUYHBIMU IS
OakTepuii, MOCKOJbKY COmepKaHWe TIJIyTaTHOHA
YBEJIMYMBACTCS MIPU BHECEHUU ITUX COCIMHEHU M
B cpeny KyibTUBMpoBaHus. Ha ocHoBaHuMU pe-
3yJIbTAaTOB pabOThI BIIEPBbIC MOCTPOEH P BIUSI-
HUSI MCCIEeIyeMbIX COJIe MeTaJlJIoOB Ha comep-
KaHUEe IIyTaTuoHa B Oaktepusx D. desulfuricans
IMV K-6: Pb(NO,), > CuCl, > CdCl, > ZnClL,.

KnioueBbie cmoBa: cyrbdaTBOCCTaHAB-
JIMBAIONINM OaKTepUH, TEPOKCHIA3HO-PEIYKTa3-
Has cUcTeMa TIyTaTHOHA, KaIMWi, CBUHEIl, Melb,
IIHK.
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