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OXIDATIVE MODIFICATION OF PROTEINS AND
SPECIFIC SUPEROXIDE DISMUASE ACTIVITY
OF DESULFUROMONAS ACETOXIDANS
IMV B-7384 BACTERIA UNDER THE INFLUENCE
OF FERRIC CITRATE

Aim. Investigation of oxidative modification of proteins and specific su-

peroxide dismutase activity of Desulfuromonas acetoxidans IMV B-7384 bacteria
under the influence of ferric citrate. Methods. Generation of protein carbonyl groups
(CG) were determined in reaction with 2,4-dinitrophenylhydrazine. Specific Superox-
ide dismutase activity was measured by the ability of enzyme to inhibit autoxida-
tion of quercetin at pH 10 in the presence of tetramethylethylenediamine. Results. The
content of protein CG under the influence of ferric citrate changed in dependence of
duration of bacterial cultivation. Under the influence of all investigated concentra-
tions of ferric citrate on second and third days of cultivation no significant increase of
protein CG in comparison with control sample was observed. The increase of content
of protein CG by 2—4 times under the influence of metal salt was reached on the fourth
day of cultivation. Addition of ferric citrate caused substantial enhancing of specific
SOD activity. Under the influence of all investigated concentrations of ferric citrate
specific SOD activity increased with enhancing of duration of cultivation. Conclusions.
Accumulation of significant concentrations of CG in D. acetoxidans IMV-B7384 pro-
teins under the influence of ferric citrate indicates free radical mechanism of damage
of cell proteins. Under these conditions neutralization of reactive oxygen species in
D. acetoxidans IMV-B7384 bacteria is evidently made by the enzymes of antioxidative

defense system, including SOD.

Key words: superoxide dismutase, oxidative modification of proteins, ferric citrate,
Desulfiromonas acetoxidans.

Desulfuromonas acetoxidans is one of the first microorganisms which can receive
energy needed for growth by the complete oxidation of organic compounds with
simultaneous Fe (III) —and Mn (IV) —reduction [5]. The capability of D. acetoxidans
to support Fe (IIT) — and Mn (IV) —reduction with simultaneous oxidation of organic
compounds causes its favourableness in practical application since it could be used
for creation of biotechnological methodologies for treatment of wastewater, which
is polluted with heavy metals and organic compounds. Also Fe (II) —and Mn (IV) —
dissimilative reduction is the basis for exoelectrogenic activity of described bacteria
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which is highly favorable for microbial fuel cell construction [11]. Functional neces-
sity of ferric ions as a factor playing the significant role in redox processes of the
range of biochemical reactions is indisputable. Although ferric ions also possesses
biologically dangerous properties since they catalyze generation of reactive oxygen
species (ROS). Toxicity of ferric ions is based on Haber-Weiss and Fenton reactions
[1]. Recently lipid peroxidation is considered as one of the main reasons of cell
damage and death under the influence of ROS [3]. Equally significant violations are
appeared under the oxidative modification of proteins (OMP). Changes in their hydro-
phobicity, isoelectric point and thermal stability, increased sensitivity to proteolysis
and lost enzymes activity could be observed under OMP [7]. It was shown recently
that modification of protein molecules under the influence of ROS can be resulted in
appearance of additional carbonyl groups (CG) in protein molecules. The content of
CG in protein molecules mostly can be detected by reaction with 2,4-dinitrophenyl-
hydrazine [9]. Aerobic and facultative anaerobic microorganisms possess effective
complex of defensive enzymatic and non enzymatic systems of ROS destruction.
They synthesize enzymes of DNA reparation (endonuclease III and endonuclease
IV produced by Escherichia coli) and regulators of defense against oxidative stress.
Similar mechanisms of antioxidative defense in anaerobic microorganisms have not
been studied enough [1, 2]. Usually oxidative stress in anaerobic microorganisms
is caused by the influence of superoxide anion radical (O,). As a result superoxide
dismutase (SOD) is one of the crucial enzymes of antioxidative defense [2]. The
processes of OMP and activity of antioxidant system, especially SOD activity in the
cells of anaerobic microorganisms at the influence of heavy metals is not enough
investigated. Investigation of defense mechanisms of D. acetoxidans bacteria under
stress conditions such as gradual increasing of heavy metals concentration is crucial
for understanding the mechanisms of bacterial metabolism regulation during the
process of wastewater treatment. Thus, the aim of our work was to investigate the
oxidative modification of proteins and specific activity of superoxide dismutase of
D. acetoxidans IMV B-7384 bacteria under the influence of various concentrations
of ferric citrate.

Materials and methods

The object of investigations was Desulfuromonas acetoxidans IMV B-7384 bac-
terium. Bacteria were cultivated in the modified Postgaite C medium for four days
[10]. Sodium fumarate (6 g/l) was added as electron donor and its acceptor. Ferric
citrate was added into the growth medium in concentration 10-20 mM. It was shown
that these concentrations of ferric citrate caused decreasing of biomass by 20-50%
[8]. Metal salt was not added into 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 [8]. Protein concentration in cell-free
extract was determined by Lowry method [6]. Appearance of additional carbonyl
groups in the proteins was determined by the method indicated in [7]. Specific SOD
activity was determined as described in [7]. Statistical calculation of results was car-
ried out by application of the Origin and Excel programs [4] The crucial statistical
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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 its discussion

The highest content of CG in proteins of D. acetoxidans IMV B-7384 bacteria
cultivated in the medium without ferric citrate was observed on the third day of growth
(fig. 1). Continuation of cultivation time up to four days caused the decreasing of
CG content. The CG content in proteins changed dependently on time of bacterial
cultivation under the influence of ferric citrate. Slight increasing of CG content in
bacterial proteins was observed on the second and third day of D. acetoxidans IMV
B-7384 growth under the influence of all investigated concentrations of ferric citrate
in comparison with control.

H25 *
5 2 dey
& * [ 3 day
©20 kk 4 day
on
g
~
g154 %
g * *
glo
2 %
=
=5
g
£
8 o-
K ) ) % 1 2

Concentration of ferric citrate, mM

Fig. 1. The content of additional CG in proteins of D. acetoxidans IMV B-7384 bacteria
under the influence of ferric citrate
(K — control;* — p > 0.95, n=5;** — p > 0.99, n=5 — in comparison with control)

Significant increasing of carbonyl proteins under the influence of metal salt was
observed on the fourth day of cultivation. Addition of ferric citrate in concentrations
10, 12 and 14 mM on the fourth day of cultivation caused enlargement of content of
additional CG in proteins by 2.6; 3 and 3.5 times, respectively.

The content of CG in bacterial proteins also changed dependently on concen-
tration of metal salt in cultural medium. Under the addition of ferric citrate in con-
centrations 10—14 mM the content of CG in proteins significantly increased on the
fourth day of bacterial cultivation comparing with control. The raising of metal salt
concentration up to 20 mM caused the decreased content of CG in comparison with
content of CG in proteins under the influence of 14 mM of ferric citrate but it was
higher than in control. In our previous studies it was shown that addition of ferric
citrate into cultural medium of D. acetoxidans IMV B-7384 led to the increasing
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content of lipid hydroperoxides, conjugated dienes and thiobarbituric reactive sub-
stances [8]. Accumulation of significant amounts of products of lipid peroxidation
and additional CG in proteins in the cells of D. acetoxidans IMV B-7384 bacteria
under the influence of ferric citrate confirms the free radical mechanism of oxidation
of polyunsaturated fatty acids and cell proteins.

Antioxidative defense system supports cell protection against destructive influ-
ence of reactive oxygen species. SOD, catalase, peroxidase and oxidase provide the
first stage of bacterial cell protection against reactive oxygen species [1]. Specific
SOD activity changed dependently on growth phase of D. acetoxidans IMV B-7384
bacteria grown on the cultural medium without addition of ferric citrate. Activity of
enzyme increased with continuation of duration of cultivation (fig. 2).
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Fig. 2. Specific SOD activity of D. acetoxidans IMV B-7384 bacteria
under the influence of ferric citrate
(K — control; * —p > 0,95 — compared with control)

Addition of ferric citrate caused significant increasing of specific enzyme activity.
Specific SOD activity was also increased by 12 times on the second day of cultivation
under the influence of 10 mM of ferric citrate in comparison with control. Significant
raising specific SOD activity was observed under the influence of all investigated
concentrations of ferric citrate. Specific SOD activity increased with continuation
of duration of cultivation under the influence of investigated metal salt (fig. 2). On
the second day of growth specific SOD activity equaled 546.8+33.25 U/minxmg
of protein at the influence of 10 mM of ferric citrate. Increasing of concentration of
metal salt up to 20 mM led to decreasing of specific enzyme activity. On the third
day of cultivation enzyme activity remained at the level 580-605 U/minxmg of
protein under the addition of 10-14 mM of investigated metal salt. Addition of 16
and 20 mM of ferric citrate into the growth medium caused increasing of specific
SOD activity in comparison with the influence of 10—-14 mM of metal salt. On the
fourth day of cultivation specific enzyme activity increased with enlarging of ferric
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citrate concentration. Maximal specific SOD activity was observed on the fourth
day of cultivation under the addition of 20 mM of ferric citrate.

The influence of several transition metals on specific SOD activity of D. acetoxi-
dans under its growth in Postgaite C medium that contains lactic acid as the electron
donor and elemental sulfur as the electron acceptor has been previously determined
[12]. It was shown that addition of various concentrations of ferric (III) chloride
(0.5 -2.0 mM) caused significant increase of specific enzyme activity starting from
the second day of cultivation. Specific SOD activity decreased with the increasing
of duration of cultivation to four days under the influence of all investigated ferric
(IIT) chloride concentrations.

Changing conditions and growing bacteria in the medium with addition of so-
dium fumarate and without sulfur we did not observe hydrogen sulfide formation.
Under this conditions metal ions are not precipitated in the forms of insoluble metal
sulfides. Using ferric citrate as a component of the growing medium maintains the
presenc of Fe*" ions. It is known that Fe** ions could stimulate formation in cells of
microorganisms ROS [1].

The addition of ferric citrate in concentrations 10-20 mM caused the increase
of additional carbonyl groups in proteins of D. acetoxidans IMV B-7384 bacteria
by 1.5-3.5 times in comparison with control. Under those conditions specific SOD
activity increased by 1.5-3.5 times. Thus, addition of ferric citrate into the growth
medium of D. acetoxidans IMV B-7384 led to formation of active oxygen species
that was confirmed by the appearance of additional carbonyl groups in proteins of
bacteria. Superoxide dismutase is involved in neutralization of free radicals of oxygen
under the influence of ferric citrate in D. acetoxidans IMV B-7384 cells.
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OKHNCHA MOJUPIKAILIA BIJIKIB TA INTOMA AKTUBHICTD
CYINEPOKCHUIJIUCMYTA3U BAKTEPII DESULFUROMONAS
ACETOXIDANS IMB B-7384 3A BIIVIUBY ®EPYM LIUTPATY

Pedepar

Mema. J[ocnioumu oxucHy moougikayiro 6iIKie ma numomy axmuHicme cy-
nepokcuooucmymasu doaxmepiti Desulfuromonas acetoxidans IMB B-7384 3a
8NIUBY PI3HUX KOHYeHmpayiti epym yumpamy. Memoou. Ysopenns 000amrogux
Kapoouinenux epyn (KI') y 6iuHux nanyroeax amiHOKUCIOM BUSHAYANU Y pearyii 3
2,4-0unimpogenineiopasurom. [Tumomy axmugnicmo cynepoxcudoucmymasu (COZL)
BUBHAUANU 30 30aMHICMIO (epmenmy ineibyeamu agmooKucHeH s Keepyemuny npu pH
10y npucymnocmi mempamemunemunenouaminy. Pesynemamu. Bumicm KI'y 6inkax 3a
BNAUBY hepyM yumpamy sMiHI08aB8Cs 3dNENHCHO BI0 UACY KYIbMUGY8aANHA bakmepii. 3a
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YCIX Q0CHIOACEHUX KOHYEHMPAyill hepym yumpamy Ha opy2y ma mpenmio 000y Kyiibmu-
8y6amHs cnocmepieanu He3naune spocmanns emicmy KI'y 6inkax baxmepiil, nOpigHsIHO
3 GMICIOM YUX 2PYN Y KOHMPOIbHOMY 3pa3Ky. 3pocmanns emicny KI'y binkax y 2—4
Pasu 3a GNUGY COLi Memany 3aghikco8ano Ha wemeepmy 000y Kynbmueyeans. Buecen-
H3l (hepym yumpamy 3ymoeneano cymmese spocmanms numomoi akmusnocmi COJL.
3a ennugy ycix docniodxcenux Konyenmpayitl hepym yumpamy numoma akmueHicn
CO/ 3pocmana 3i 36invuwiennsam yacy xynvmusgyeanns. Bucnoexu. Hazpomaooicenns
V KAIMuHax sHayHux Kinekocmet oooamxosux KI'y oinkax 6axmepii D. acetoxidans
IMB-B7384 3a énnusy ¢pepym yumpamy c8iouums npo iibHOPAOUKATbHUL MEXAHIZM
NOWKOONCEHHS KIIMUHHUX OLIKI6. 3a YUX YMO8 3HEUUKOOINCEHHS AKMUGHUX Memadorimie
oxcueeny y knimunax D. acetoxidans IMB-B7384 30iticuioioms, ouesuono, pepmenmu
cucmemu anmuoxkcuoanmuozo saxucmy, sokpema CO/L.

Knwuosi cnosa: cynepoxcuooucmymasa, okucHa moougixayis npomeinis, pepym
yumpam, Desulfuromonas acetoxidans.
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OKHUCJIUTEJBHAA MOAN®UKALIUA BEJIKOB U YIEJIbHAS
AKTUBHOCTbH CYNIEPOKCHIJIMCMYTA3bI BAKTEPUI
DESULFUROMONAS ACETOXIDANS UMB B-7384 I1PH
BO3JEMCTBUM [IUTPATA JKEJIE3A

Pedepar

Lenv. Hccnedosams okuciumensHy0 MOOUGUKAyUI0 OEIKO8 U YOelbHYI0 AKMUSHOCb
cynepokcudoucmymaszvl oaxmepuil Desulfuromonas acetoxidans UMB B-7384 npu
6030€lCcmeUU PA3TUYHBIX KOHYeHmpayull yumpama oicenesa. Memoowvt. Obpazosa-
Hue dononnumenvuvlx kapoouurbhwlx epynn (KI') 6 60Kkosbix yensx amMuHoOKUCIOm
onpedensiiu ¢ peakyuu ¢ 2,4-0unumpoghenuneuopasunom. YoeibHyr akmueHocms
cynepoxcudoucmymasvl (CO/I) onpedensinu no cnocobnocmu pepmenma uneuOU-
posamb agmooxucHenns keepyemuna npu pH 10 6 npucymcmeuu mempamemuns-
munenouamuna. Pezynemameot. Cooepoicanue KI' 6 6enkax npu enusHuu yumpama
Jrcene3a MeHsN0Ch 8 3aBUCUMOCIU OM BPEMeHU KYyIbmueuposanus baxmepuil. Ilpu
BIUSIHUU BCEX UCCTIEOYEMbIX KOHYEHMPayull pepym yumpama Ha mopbwvle u mpemou
CYMKU KYTbMUBUPOBAHUS HAOIIOOAIU He3HAYumenbHoe nogvluenue cooeprcanus KI°
8 benkax bakmepuil N0 CPAGHEHUIO C COOEPIAHCAHUEM OAHHBIX SPYNN 8 KOHMPOIbHOM
obpasye. Pocm cooeporcanus KI” 6 6enkax ¢ 2—4 pasza npu enusiHuu conu Memaiia 3a-

@ukcuposano na uemeepmoie Cymku Kyibmusuposanus. Bnecenue yumpama sicenesa
npueoouo K 3nauumenvHomy pocmy yoenorou akmusrocmu CO/. Ipu enusnuu écex
UCCNE008AHHBIX KOHYeHmpayuli yumpama sicenesa yoenvnas akmusiocms CO/l 603-
pacmana ¢ yeenudenuem pemMeHu Kyibmusuposatus. Bereoosl. Haxonnenue 6 knemkax
3HauUmMenbHuIX Konuyecme oonoanumenvuuix KI° ¢ benxax baxmepuii D. acetoxidans
HUMB B-7384 npu eénrusnuu yumpama sicenesa ceudemenbcmsyem o c60000Hopadu-
KAIbHOM MeXanume no8peNCcOeHUsl KIemounvlx 6enkos. B smux ycnosusx obezspesicu-
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BaHUe AKMUBHBIX Memaboiumos kuciopooa 6 kiemrxax D. acetoxidans UMB B-7384
OCYUecmesiiom, 04e8UOHO, (hepMeHmbl CUCTEMbl AHMUOKCUOAHMHOU 3auumal, 6
uacmuocmu CO/.

Kniouesvie cnosa: cynepokcudoucmymasa, OKUCIUMENbHAS MOOUDUKAYUSL RPOMEUHO8,
yumpama sicenesa, Desulfuromonas acetoxidans.
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