ISSN 0206-5657. BicHuik JlbBiBCbKOTO YHiBepcuTeTy. Cepisa 6ionoriyHa. 2015. Bunyck 70. C. 213-220
Visnyk of the Lviv University. Series Biology. 2015. Issue 70. P. 213—-220

VIIK: 579.266.4

THE ACTIVITY OF ENZYMES OF GLUTATHIONE ANTIOXIDANT SYSTEM
OF DESULFUROMONAS ACETOXIDANS IMV B-7384 UNDER
THE INFLUENCE OF FERRIC (III) CITRATE

0. Maslovska, S. Hnatush, S. Katernyak

Ivan Franko National University of Lviv
4, Hrushevskyi St., Lviv 79005, Ukraine
e-mail: Sosnovscka.olga@yandex.ua

Desulfuromonas acetoxidans IMV B-7384 bacteria are highly perspective micro-
organism for construction and development of microbial fuel cell technologies aimed for
wastewater remediation from transition metal ions. However, metal ions catalyze formation
of reactive oxygen species that could harmfully affect bacterial cells. Activity of glutathi-
one peroxidase, glutathione-S-transferase and glutathione reductase of D. acetoxidans IMV
B-7384 bacteria was investigated under the influence of different concentrations of ferric
(IIT) citrate. Addition of metal salt into cultural medium caused the increase of activity of
all investigated enzymes in comparison with control. The activity of glutathione peroxi-
dase, glutathione-S-transferase and glutathione reductase changed dependently on metal salt
concentration and duration of bacteria cultivation. The activity of glutathione peroxidase
and glutathione-S-transferase decreased with increasing of duration of bacterial cultivation
while activity of glutathione reductase increased under the influence of investigated metal
salt. Decreasing of activity of glutathione peroxidase and glutathione-S-transferase could be
caused by decreasing of reduced glutathione content in bacterial cells under the influence
of ferric (III) citrate. Probably, quantity of reduced glutathione produced by glutathione
reductase was not sufficient to maintain the necessary level of this tripeptide in bacterial
cells under the influence of ferric (II) citrate. Enhancement of activity of enzymes of glu-
tathione system confirms their necessary role in antioxidant protection of D. acetoxidans
IMV B-7384 cells.

Keywords: Desulfuromonas acetoxidans, glutathione peroxidase, glutathione reduc-
tase, glutathione-S-transferase, ferric (III) citrate.

Desulfuromonas acetoxidans IMV B-7384 bacterium isolated and identified at the De-
partment of Microbiology of Ivan Franko National University of Lviv is considered as highly
favorable biocatalyst for microbial fuel cell (MFC). MFC supports electric current generation by
oxidation of organic matter and transfer of electrons in the processes of dissimilative reduction
of 3d-type transition metals, especially ferrous and manganese [16, 17]. Wastewater possesses
energetic potential for MFC activity due to contents of high concentrations of biodegradable
organic compounds. Application of effluents as the substrate for MFC should allow reduce the
cost for their aeration and removal of solids which are the most energy-consuming processes of
wastewater treatment. However, wastewater contains various xenobiotics, such as heavy metal
ions that could adversely affect bacterial metabolism [16]. Bacteria could enzymatically reduce
metal ions in metabolic pathways which are not related to assimilation of these metals. Members
of Deltaproteobacteria class, in particular D. acetoxidans, are able to use S°, Fe (III) i Mn (IV) as
electron acceptors in the process of organic matter oxidation [11, 12]. Relative to D. acetoxidans
Geobacter metallireducens strain could reduce U (VI), Cr (VI), V (V), Ag (I) and Hg (1) [12].
The main ecological aspect of microbial reduction includes decreasing of solubility of metal com-
pounds and, as a result, lowering their mobility. Microbial reduction of heavy metals could be ap-
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plied for remediation of environments polluted with heavy metals and organic compounds [12].
It is known that transition metal ions could catalyze formation of reactive oxygen species (ROS)
[14]. Aerobic and facultative anaerobic microorganisms possess effective complex of protective
enzymatic and non enzymatic systems for ROS destruction [6, 7]. Important part of microbial
antioxidant protection is glutathione antioxidant system. Glutathione system is known to be one
of the main reduced glutathione-dependent redox systems that consist of y-glutamate-cysteine
ligase, glutathione synthetase, glutathione reductase, glutathione peroxidase, glutathione-S-trans-
ferase and NADPH. The role of this reduction system is either indispensable or dispensable at
diverse microbes. Understanding the physiological function of this system in microbial cells re-
sistibility against oxidative damage will help to increase our knowledge about cellular mecha-
nisms of microbial resistance [8]. Functioning of this system in sulfur-reducing microorganisms,
in particular D. acetoxidans, under the influence of metal ions is not sufficiently investigated.
Investigation of changes of biochemical properties of D. acetoxidans IMV B-7384 cells under
the influence of Fe (I1I) compounds dependently on their concentration in the medium is import-
ant. This knowledge could be useful for optimization of the processes of exoelectrogenesis and
understanding the pathways of regulating mechanisms of bacterial metabolism at the process of
wastewater remediation.

The aim of this work was to investigate changes of activity of glutathione peroxidase,
glutathione-S-transferase and glutathione reductase of D. acetoxidans IMV B-7384 cells under
the influence of ferric (III) citrate.

Materials and methods

Microbial strain D. acetoxidans IMV B-7384, applied in these investigations belongs to
the Ukrainian Collection of Microorganisms of D.K. Zabolotny Institute of Microbiology and
Virology of NAS of Ukraine [9]. Bacteria have been cultivated in the modified Postgaite C me-
dium during four days [15]. Sodium fumarate (42 mM) was used as electron donor and its accep-
tor as well. Ferric (III) citrate in concentration 10-20 mM was added to the growth medium of
D. acetoxidans IMV B-7384 for investigation of its influence on activity of enzymes of bacterial
glutathione antioxidant system. It was shown that these concentrations of ferric citrate caused
decreasing of biomass by 20—50% [3]. Metal salt was not added to the control. After the second,
third and fourth day of bacterial growth cells were disintegrated on the ultrasonic homogenizer
at 22 kHz at 4°C and cell-free extracts were obtained [3]. Protein concentration in cell-free ex-
tract was determined by Lowry method [13]. Activity of glutathione peroxidase (EC 1.11.1.9)
and glutathione reductase (EC 1.8.1.7) was measured as described in [1]. Activity of glutathi-
one-S-transferase (EC 2.5.1.18) was determined by the method indicated in [2]. Statistical calcu-
lation of results was carried out by application of the Origin and Excel programs [5]. The crucial
statistical indexes were calculated on the basis 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 five alternative blocks of data. The
difference was claimed to be valid under the index of validity P>0.95.

Results and discussion

Functioning of glutathione antioxidant system of bacterial cells is investigated not enough.
It is known that this part of antioxidant protective system is not presented among all prokary-
otic organisms. It is specific for various species and it could be even strain-specific [8]. In the
literature, there is no data about functioning of glutathione system in D. acetoxidans bacteria.
Due to BLASTP program, which is available on NCBI [18] there were identified genes that en-
code enzymes of glutathione system in the strains that are closely related to D. acetoxidans IMV
B-7384. Genes encoding glutathione peroxidese and glutathione-S-transferase were detected in
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Pelobacter propionicus DSM 2379. Genes encoding glutathione peroxidese, glutathione reduc-
tase, glutathione-S-transferase and enzymes of glutathione biosynthesis of Fe (III)-reductors of
Shewanella genus (S. baltica OS195 and S. putrefaciens CN-32) were identified also [18].

In our previous work we have investigated the content of reduced glutathione in D. ace-
toxidans IMV B-7384 bacteria under the influence of different concentrations of ferric (III) citrate
[3]. It was shown that the content of reduced glutathione in bacterial cells significantly increased
and reached to 1.2 mmoles/g of cells under the addition of ferric (III) citrate. Based on received
data it was assumed that glutathione system is involved in antioxidant protection of D. acetoxi-
dans IMV B-7384 bacteria.

Glutathione peroxidase (E.C.1.11.1.9) is one of the key enzymes that catalyzes oxidation
of glutathione. The enzyme reduces hydrogen peroxide and unstable organic peroxides derived
from polyunsaturated fatty acids [1].

The highest activity of glutathione peroxidase of D. acetoxidans IMV B-7384 bacteria,
which was grown without addition of ferric (III) citrate, was detected on the third day of cultiva-
tion (Fig. 1). With the increasing of cultivation duration the activity of enzyme become decreased.
Addition of ferric (III) citrate to the growth medium caused significant increasing of glutathione
peroxidase activity. The highest activity of enzyme was observed on the second day of bacterial
cultivation under the influence of all investigated concentrations of ferric (III) citrate. With the
increasing of cultivation duration under the influence of ferric (III) citrate up to four days the
activity of enzyme has been decreased. Activity of glutathione peroxidase also depended on con-
centration of metal salt in the growth medium. Activity of glutathione peroxidase increased by
12.5 times in comparison with control and equaled 35.5+2.56 mkmoles GSH/min-mg of protein
under the influence of 10 mM of ferric (III) citrate on the second day of bacterial growth. Addition
of ferric (III) citrate on the second day of growth in concentration 12-20 mM elevates activity
of enzyme up to 50-54 mkmoles reduced glutathione/min-mg of protein. On the third and fourth
days the enzyme activity was increased under enhancement of metal salt concentration.
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Fig. 1. Activity of glutathione peroxidase of D. acetoxidans IMV B-7384 under the influence of ferric (IIT)
citrate (* — p>0.95, n=3;** — p>0.99, n=3 — in comparison with control).
Glutathione-S-trasferase catalyzes nucleophilic attack by the tripeptide glutathione (GSH)

on the electrophilic groups of a wide range of hydrophobic toxic compounds, thus promoting
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their excretion from the cell. Glutathione-S-transferase is involved in detoxification of hydro-
phobic hydroperoxides with high molecular mass: hydroperoxides of polyunsaturated fatty acids,
phospholipids and hydroperoxides of mononucleotides [4]. It is opposite to glutathione peroxi-
dase because of the most suitable substrates for this enzyme are hydrophilic hydroperoxides with
small molecular mass.

Activity of glutathione-S-transferase,
mkmoles of glutathione-S-2,4-dinitr obenzol / min - mg of protein

Concentration of ferric (III) citrate, mM

Fig. 2. Activity of glutathione-S-transferase of D. acetoxidans IMV B-7384 under the influence of ferric (III)
citrate (* — p>0.95, n=3;** — p>0.99, n=3 — in comparison with control).

Activity of glutathione-S-transferase of D. acetoxidans IMV B-7384 grown in the me-
dium without ferric (III) citrate significantly changed during four days of cultivation (Fig. 2).
The highest activity of enzyme was observed on the second day of bacteria growth. Activity of
glutathione-S-transferase on the third and fourth days considerably decreased in comparison with
activity of enzyme on the second day. Addition of ferric (III) citrate to cultural medium caused
enhancement of glutathione-S-transferase activity of cell-free extracts of D. acetoxidans IMV
B-7384. Under addition of 10 mM of ferric (III) citrate on the second, third and fourth days of
bacterial growth activity of enzyme increased by 1.1; 6.3 and 7.4 times respectively in compa-
rison with control. Similar changes of enzyme activity were observed under the influence of all
investigated concentrations of ferric (III) citrate.

Activity of glutathione-S-transferase also changed dependently on concentration of metal
salt in the medium. Activity of enzyme increased with raising of metal salt concentration up to
20 mM on the second day of D. acetoxidans IMV B-7384 growth. On the third day of growth
activity of glutathione-S-transferase under the influence of ferric (III) citrate in concentrations
10-16 mM remained at the values 20-25 mkmoles glutathione-S-2,4-dinitrobensol/min-mg of
protein. Significant raising of enzyme activity on this day was observed under the influence of
20 mM of metal salt. Similar changes of glutathione-S-transferase activity under the addition of
ferric (III) citrate were observed on the fourth day.

Biological role of glutathione reductase is to maintain a high level of reduced glutathione
and a low level of it’s oxidized form in bacterial cell. Since glutathione serves as a redox agent in
the cell, the activity of glutathione reductase is very significant. Enzyme functioning in bacterial
cell makes it possible to reduce the glutathione synthesis [1].



O. Macrnoscbka, C. THamyw, C. KamepHsik

ISSN 0206-5657. BicHuk JlbBiBCbKoro yHiBepcuteTy. Cepis 6ionoriyHa. 2015. Bunyck 70 217
E 184
g B I 2 day sesk
g g 161 E33day
s % [ l4day
BE " T *
58 1l
,5 ~ *
%’b% 8- * *ok
5 Z ok
2% 6
S 8
8 4
i
24

0 10 12 14 16 20
Concentration of ferric (II) citrate, mM

Fig. 3. Activity of glutathione reductase of D. acetoxidans IMV B-7384 under the influence of ferric (III)
citrate (* — p>0.95, n=3;** — p>0.99, n=3 — in comparison with control).

The highest activity of glutathione reductase of cell-free extracts of D. acetoxidans IMV
B-7384 strain grown without addition of ferric (III) citrate was observed on the second day of
growth (Fig. 3). On the third and fourth days of growth activity of enzyme slightly decreased in
comparison with enzyme activity on the second day and its value remained 5.2-5.3 mkmoles
of NADFH, /min-mg of protein. Addition of ferric (III) citrate to the cultural medium caused
significant increasing of glutathione reductase activity of bacterial cells. Activity of glutathione
reductase of cell-free extracts of D. acetoxidans IMV B-7384 under the influence of ferric (IIT)
citrate changed in dependence on metal salt concentration and duration of bacterial cultivation.
Under the influence of all investigated concentrations of metal salt the highest enzyme activity
was observed on the fourth day of growth. On the second day of bacteria growth under addition
of 10—-16 mM of ferric (III) citrate glutathione reductase activity slightly increased in compari-
son with control and was 6.1-6.3 mkmoles of NADPH_/min-mg of protein. Addition of 20 mM
of metal salt to cultural medium on the second day of growth caused no changes of glutathione
reductase activity of cell-free extracts of D. acetoxidans IMV B-7384. On the third and fourth
days of bacterial growth activity of enzyme increased with raising the concentration of ferric (III)
citrate up to 16 mM. Activity of glutathione reductase decreased under the influence of 20 mM of
ferric (III) citrate in comparison with the influence of 16 mM of investigated metal salt.

Thus, under addition of ferric (III) citrate into the cultural medium of D. acetoxidans IMV
B-7384 the activity of all investigated enzymes of glutathione system increased in comparison
with control. Enhancement of activity of glutathione enzymes system confirms their necessary
role in antioxidant protection of D. acetoxidans IMV B-7384 cells. However, activity of glutathi-
one peroxidase and glutathione-S-transferase decreased with increasing of duration of bacterial
cultivation at the presence of ferric (III) citrate. Decreasing of these enzymes activity could be
caused by diminishment of reduced glutathione content in bacterial cells. In our previous work
we have investigated the content of reduced glutathione in cell-free extracts of D. acetoxidans
IMV B-7384 under the influence of ferric (III) citrate. It was shown that the highest content of
reduced glutathione under the influence of all investigated concentrations of metal salt was ob-
served on the second day of bacterial growth. On the third and fourth days content of reduced glu-
tathione significantly decreased in comparison with content of this tripeptide on the second day
[3]. Maintaining the respective quantity of reduced glutathione is supported by glutathione reduc-
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tase. Activity of glutathione reductase of D. acetoxidans IMV B-7384 cell-free extracts increased
with enhancement of bacterial cultivation duration under the influence of ferric (III) citrate. Pos-
sibly, the reduced glutathione synthesized by glutathione reductase is not sufficient to maintain
the necessary level of tripeptide in bacterial cells under the influence of ferric (III) citrate. Also,
decreasing of reduced glutathione content in D. acetoxidans IMV B-7384 cell-free extracts could
be caused by direct interaction of tripeptide with active intermediates of lipoperoxidation [10].
In this case oxidized glutathione is not formed. Thus increasing of glutathione reductase activity
under the influence of ferric (III) citrate is not substantial. It is known that biosynthesis of reduced
glutathione is more important to maintain the reduced glutathione content in E. coli, compared
with the reduction of oxidized glutathione back to reduced glutathione by glutathione reductase
[8]. Decreasing of reduced glutathione content in D. acetoxidans IMV B-7384 cell-free extracts
under the influence of ferric (III) citrate also could be caused by damage of enzymes of glutathi-
one synthesis by products of lipid peroxidation.
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CUCTEMM BAKTEPII DESULFUROMONAS ACETOXIDANS IMB B-7384
3A BIIVIUBY ®EPYM (III) HUTPATY
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Jlveiecokuil Hayionanvuull yHieepcumem imeni leana @panxa
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Bakrepii Desulfuromonas acetoxidans IMB B-7384 € mepcrnieKTHBHUMH MiKpO-
oprafizMaMu Ui KOHCTPYIOBaHHS MIKpOOHHMX MAaJUBHHUX E€JIIEMEHTIB 1 po3poOneHHs 0io-
TEXHOJIOTIH ISl OYMINEHHS CTIYHUX BOJ| Bifl 10HIB METamiB 31 3MiHHOIO BaneHTHicTio. Of-
HaK 10HM METaJiB CTUMYIIOIOTh YTBOPEHHS aKTUBHHUX META0OMITIB OKCHIEHY, SIKi MOXKYTh
3ryOHO BIUIMBATH Ha KIITHHU Oakrepiil. JlOCHiIKeHO aKTUBHICTH TNIyTaTiOHIEPOKCHUIA3H,
IIyTaTioH-S-TpaHcdepas3n Ta MIyTaTioHpeayKTasu y Oakrepiit D. acetoxidans IMB B-7384
3a BIUIMBY PI3HUX KOHIIEHTpAIiid ¢epyM muTpary. 3a BHECEHHS COJi METally B CEpelOBU-
e Ui BUPOLIYBAaHHSA OaKTepill CIoCTepiraiy 3pOCTaHHS aKTUBHOCTI YCiX JOCHTIHKEHHX
(epMeHTiB, TIOPIBHSHO 3 KOHTPOJEM. AKTHBHICTh IIIyTaTiOHIEPOKCHAA3U, TIIyTaTioH-S-
TpaHchepasu Ta Iy TaTiOHPEAyKTa3H 3MIHIOBAIACS 3aJIeKHO BiJl KOHIEHTPALil COJIi METay
1 TPUBAJIOCTI BUPOILyBaHHs OaKTepii. AKTUBHICTD INIyTaTIOHIEPOKCHIA3H Ta TIIyTaTiOH-S-
TpaHchepasu 3HIKyBajacs 31 30UIBIICHHSIM TPUBAIOCTI KyJIBTHBYBaHHsS OakTepiid, y TOU
yac sIK aKTHBHICTh IIYTaTIOHPEAYKTa3M 32 BIUIUBY COJI MeTaly 3pocTaia 31 301IbIIeHHIM
TPHUBAJIOCTI BHPOIIyBaHHS. 3HMKEHHS aKTHBHOCTI DIyTaTIOHIEPOKCHIA3W Ta TIIyTaTiOH-
S-tpaHcepazn Moke OyTH 3yMOBICHE 3HIDKEHHSM BMICTY BiJHOBICHOTO IIIYTaTIOHY Yy
KIiTHHAX OakTepiil. MOXKINBO, KUTBKOCTI BITHOBIEHOTO IIYTATiOHY, SIKI YTBOPWIJIHCS TIIy-
TaTIOHpPELyKTa3010, Oyau HEAOCTAaTHI A MIATPUMAHHSA HEOOXiTHOTO PiBHS TPUIENTHILY Y
kmiTuHaX Oakrtepiit 3a BBy depym (III) murpary. 3pocTanHs akTHBHOCTEH (epMEHTIB
[JIyTaTiOHOBOI CHCTEMHU CBIUUTH MPO TXHIO BaXJIMBY POJIb B AaHTHOKCHUIAHTHOMY 3aXHCTi
kiituH D. acetoxidans IMB B-7384.

Knrouogi cnoea: Desulfuromonas acetoxidans, TiyTaTiOHIIEpOKCHIa3a, TIIYTaTIOH-
penykrasa, nytarioH-S-tpaHcdepasa, pepym (I1I) mutpar.
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CUCTEMBI BAKTEPUUN DESULFUROMONAS ACETOXIDANS UMB B-7384
IIPU BJUSHUU ®EPYM (III) UTPATA
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Bakrepun Desulfuromonas acetoxidans IMB B-7384 — 3T0 mepcneKkTHBHBIE
MHKPOOPTaHU3MBI JJIsI KOHCTPYHPOBAHHS MUKPOOHBIX TOIIMBHBIX JIEMEHTOB H Pa3paboTKH
OMOTEXHOJIOTHH OYMCTKH CTOYHBIX BOJ{ OT HOHOB METAJUIOB C TIEPEMEHHON BaJICHTHOCTBIO.
OnHAaKO HOHBI METAJUIOB CTHMYIIHPYIOT 00pa3oBaHNe aKTHBHBIX METa0OIUTOB KUCIOPOAA,
KOTOpBIE MOTYT HaryOHO BO3JeHCTBOBAaTh Ha KJIETKN OakTepuil. MccnenoBana akTHBHOCTh
DTy TaTHOHIIEPOKCHA3bl, TIyTaTHOH-S-TpaHCc(epas3bl W TIyTaTHOHPEIYKTa3bl y OakTepuit
Desulfuromonas acetoxidans IMB B-7384 nipu BO3IeHCTBUH Pa3NNYHBIX KOHIICHTpALUA
¢deppym (I1I) murpara. [Tpu BHECEHUH cOM METaUIa B CpeIy JUIsl BBIpAIIMBAaHHS OaKTepuit
HaOJIOaIN POCT aKTUBHOCTH BCEX UCCIEAYEMBIX (PepPMEHTOB IO CPABHEHHIO C KOHTPOJIEM.
AKTHBHOCTB TNIyTaTHOHIEPOKCHAA3EI, TIIyTaTHOH-S-TpaHC(epasbl U IIyTaTHOHPEIyKTa3bl
MEHSIaCh B 3aBHCHMOCTH OT KOHIIEHTPAILMM COJM METala U BPEMEHH BBIPAIMBaHUS
OakTepuil. AKTHBHOCTb IIIyTaTHOHIIEPOKCHIA3El M TIIyTaTHOH-S-TpaHchepas3bl CHIKAIACH
C YBEIMYEHHWEM BpPEMEHH KyJIBTHBUPOBAHUS OakTepuii, B TO BpeMs KaK aKTUBHOCTHb
DTy TaTHOHPEYKTA3bl ITPU BO3AEHCTBHN COJIM METaJlIa BO3pacTalla ¢ yBeINIEHHEM BPEMEHI
BEIpamuBanus. PocT akTHBHOCTEH (DepMEHTOB ITyTaTHOHOBOW CHCTEMBI CBHJECTEILCTBYET
00 WX BaXHOW PONM B aHTHOKCHAAHTHOH 3ammre kietok D. acetoxidans IMB B-7384.
CHIDKEHHE aKTHBHOCTH IIyTaTHOHIIEPOKCHIAa3bl M IIIYTaTHOH-S-TpaHC(epa3bl MOXKET
OBITH OOYCIIOBICHO CHIIKEHHEM COJIEp)KAaHMS BOCCTAHOBJIEHHOTO IIyTaTHOHA B KIIETKAX
GakTepuil. Bo3amoxHO, KonMmaecTBa BOCCTAaHOBICHHOTO ITyTaTHOHA, KOTOPBIE 00pa30BanCh
DIyTaTUOHPEIYKTa30H, OBUTH HEZOCTATOYHBI JUIS IMOANEP)KaHUS HEOOXOAMMOTO YpPOBHS
TPHUIENTHAA B KJIeTKax Oaktepuit mpu Bo3nerctsun ¢peppym (I1I) murpara.

Kuwouesvie  cnosa:  Desulfuromonas — acetoxidans, —TIyTaTHOHIEPOKCHIA3a,
DIyTaTHOH-S-TpaHcdepasa, myratnoHpeaykrasa, peppym (I11I) murpar.



