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Enterococcus hirae grows well under anaerobic conditions at alkaline pH (pH 8.0) fermenting
glucose to produce acids. In the current paper we have shown that various divalent heavy meta ions
have different effects on E. hirae cell growth. It was revesled that copper (I1) ions (within the range of
0.05 mM 1 mM) inhibit bacterial growth by decreasing specific growth rate and increasing lag phase
duration while manganese (1) ions have opposite effects on bacterial growth. These effects have a
concentration-dependent manner. Copper (I1) and manganese (1) ions also affect the changes in Ep,
values during bacterial growth. Moreover, asin the case of cell growth, these ions have opposite effects
on redox potential changes. At the same time cobalt (I1) ions has shown no influence either on E. hirae
growth, or on Ey, changes during bacterial growth. Such results indicate that specific action mechanisms
can be evaluated here. It is suggested that heavy metal ions can affect directly bacterial membrane or
these effects can be mediated through oxidation-reduction potential .

Enterococcus hirae — bacterial growth — Mn>* — Co®" — Cu?".

Enterococcus hirae wuwbpnp pulunbtphwibpp mbwl Eu wgl) hhdtughtt pH-hb wpuydwbbpnud®
Judnpbynyg qniyngp, high wpyniipnd wewgwnid ki peniubtp: Lkipljuyugdus wpluunwipnid gnyg k
wpyk), np nwppbp Swtp Uknwnubph pdubin pntbbp weynd B wyu pulunbphwtbph wddwi Jpu:
8nyg k npky, np 0.05-1 U wnuah (II) hnuikph wdbjugniip wddwt vhpwjuyp hwbiqhgumd b £ Airae
wdwl nkuwuwpup wpugmput Wuqkgdwt b qug thnyh nbnpmpjut Epjupugdwi:Uhling
Unugbtinpughuyny dwbquih (II) hnubbkph wybugmdt mth hwljwowl’ jupwihy wqpbgmpmit
pulpinkphwtikiph wddw Jpu: Mndh b dwbquith kpljduykinn hntitbkpt wgnnud ki ub wddwh pipugpnud
opuhnujkpuljutiqunnuijut wnwnkughwh thnthnjunipjuit Ypw, pig npnud uyu phugpnid bu hwunungp
E, np kpynt hnbbph nibikh hwljunwl wgnkgmpnii: Uhliingb dudwbuly §npupnh Gpljdukinn hnubbph
punhwipuybu skt wgnmud  puljnbphwitph wddwt b opuhnuybkpuljubqunnujut wnunkughwih
thnthnjumpjuit Ypu: Uju wprgnitiptibpp Jiugnid &b wyt dwuhb, np nbkn mukh wgnbgnipjub joipuhuinnidy
dbjuwtthqubp: Ziwpunnp t, np dwip dknwnikpt wgnnud Eu widhpwybu puljpinbphw) punuipibph
Ypu hud wyjuyhuh wqnbkgnipeiniip dhgtunprjws k opuhnuybpuljuiiqunpuiljut wninkughunh dhongny:

Enterococcus hirae - pulunkppuy wd - Mn®* - Co”* - Cu”".

Amnaspo6usie Gakrepun Enterococcus hirae XopoIo pacTyT B IeJIOYHON Cpelie, B IIPOLeCCe Jero
IIpoUCXOUT OpOXKeHMe IJIIOKO3bI M BbIJEJNEeHVe KHCJIOT. B Hamell paGoTe IIpe/iCTaBIEHBI TAaHHbIE O
BIILATHUH paBHLIX ,Z[BYXB&JIGHTHBD( HMOHOB TSDKEJIbIX MEeTA/IJIOB Ha pOCT STHUX 63KTePHfI. BBI]IO BBIABJIEHO,
YTO WOHBI MeJY MHTHOUPYIOT POCT GAaKTepHi, YAIUHAs IIPOAOJDKUTENBHOCTD JIar (a3l ¥ yMeHbIas
YIeNBHYIO CKOPOCTh pOCTa. Ta jKe KOHIIEHTpAIjusd MOHOB MapraHiia, HaoOOpOT, yCKOpAeT POCT.
OTH MOHBI TaKXKe UMeIOT 06paTHOe BO3ZIEHCTBIE 1 HA U3MEHeHHe PeJJOKC IIOTeHIIHaIa BO BpeMst pocTa
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Gaxrepuii. B To e BpeMs JByXBaseHTHbIE HOHBI KOGAIbTa HUKAK He BIMAIOT M HAa POCT GaKTepuii, ©
Ha M3MeHEeHMe PeJIOKC IoTeHuana. IloryyenHbIe JaHHbIe CBUZETEIBCTBYIOT O TOM, YTO HMEIOT MeC-
TO cHenupuIeCKHe MeXaHH3MBI BO3ZleficTBuA. BO3MOXHO IpsAMOe BIMAHHe STHX MOHOB Ha OakTe-
PHATHEHYI0 MeMOpaHy MM TaKOe BO3/IeHCTBHE MOXET OBITh OII0CPeOBAHO OKHCTHTEIBHO-BOCCTAHO-
BUTETbHBIM TTOTeHIIUAIOM.

. o 2+ 2+ 2+
Enterococcus hirae — pocm 6akmepuii — Mn~" — Co”" — Cu”".

Almost dl living organisms, including bacteria, require small concentrations of such
heavy metals, as iron, cobalt, copper, manganese, zinc and iron. Such elements are called
“essentia” and it is found that they induce bacterial growth [1]. Such heavy metal ions are
involved in many processes, such as catalysis of biochemical reactions, stabilization of
proteins and regulation of gene expression [2]. At the some high concentrations of either
“essentia” or “non-essential” heavy metals the biological activity of the microorganisms is
decreased which can lead to cells death [3]. As heavy metas are widely spread in
environment due to natural and industrial processes, microbes have evolved several me-
chanisms to tolerate the presence of heavy metals such as efflux or reduction of metal ions.
The tolerance of bacteria to heavy metals has been proposed as an indicator of potentia
toxicity of heavy metals to other forms of biota [4]. Therefore, thereis adramatic increase in
the interest on studying the interactions of heavy meta s with microorganisms.

Enterococcus hirae growth in anaerobic conditions at akaline pH (pH 8.0) is attended
by changes in pH, proton-motive force and environment oxidation-reduction potential (Ep)
[5]. Asthe latter is a key factor for bacterial growth [6], several oxidizers and reducers that
affect E, can also regulate bacterial growth. Reducer cobalt (1) and manganese (I1) and
oxidizer copper (1) heavy metal ions are very abundant elements in surroundings. All these
ions in small concentrations are required for cells as they are involved in various enzymes.
Mn is used by bacteria as electron acceptor in respiration process [7]. It is found in
nitrogenase enzyme, which participates in molecular nitrogen reducing, and in superoxide
dismutase. Cobalt is an important co-factor in vitamin B12-depended enzymes and in the
nitrile hydratases [8]. Cu?" is a compound of superoxide dismutase and lysile oxidase. At the
same time high concentrations of these heavy metals are toxic for cells [9] and it is very
interesting to understand the action mechanisms.

In the current paper the effects of Co (I1), Cu (II) and Mn (Il) ions on E. hirae growth
were observed. We have shown that Cu (1) and Mn (1) ions within the concentration range
0.01-1 mM have opposite effects on bacterial lag phase duration, specific growth rate and
redox potential changes during bacterial growth. Meanwhile, Co (I1) ions have no visible
effectson E. hirae cell growth.

Materials and methods. This study was performed with wild-type E. hirae strain ATCC9790
[5], which has been kindly supplied by Prof. H. Kobayashi (Graduate school of Pharmaceutical Sciences,
Chiba University, Chiba 263, Japan).

Bacteria were grown under anaerobic conditions at 37°C in 0.2 % glucose containing medium (pH 8;
1 % tryptone, 0.5 % yeast extract, 1 % K,HPO,) as described earlier [5]. The pH of the medium was
measured with pH-selective eectrode (HJ1131B, Hanna Instruments, Portugal) and was adjusted by 0.1 M
NaOH or HCl. Redox potential of the medium was measured by platinum electrode (EPB-1, Electrometer
Equipment State Enterprise, Gomd, Belarus, GDEEE, Hanna Instruments, Portugal) as described elsawhere
[10].

The rate of bacterial growth was estimated by measuring the changes in optical density (OD) of
bacteria suspension using a Spectro UV-vis Auto spectrophotometer (Labomed, USA) at a wave length of
600 nm. Bacterial growth was monitored every hour during 8 h and at 24 h. Various concentrations
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(0.01 mM, 0.05 mM, 0.1 and 1 mM) of CoCl,, CuCl, and MnCl, were used throughout the study. The latent
(lag) phase duration was determined as described previoudy [11]. The specific growth rate was calculated by
dividing 0.693 (Ig2=0.693) by the doubling time of OD in the ranges where changes in the logarithm of OD
depended on timein alinear manner.

Results and Discussion. After addition of Cu®* (0.1-1 mM) in the growth medium
changes in optical density values were observed. Asisit shown in Fig. 1 (as al effects have
concentration-dependent manner, to be more distinct only the highest concentration of all
heavy metals are shown in al figures), copper (I1) ions notably suppressed bacterial growth
as the highest values of OD are with control sample where no copper ions were present. At
the same time Mn?* ions within the same concentration range increase bacterial growth as
after 6 hours of growth OD values with Mn?* are higher than even in control sample. In the
case of Co*" no visible changes were observed (fig. 1). All these effects have concentration-
dependent manner. These results show that all these divalent cations have different effects
which indicate that specific action mechanisms can be occurred.
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Fig.1. Changes in optical density during £. hirae ATCC9790 growth
in the presence of 1 mM Cu*", Mn>" and Co*".

We have shown that the addition of Mn?" in bacterial growth medium within the range of
0.05to 1 mM led to the decrease in lag phase duration and the increase in the specific growth rate
(fig. 2a, b). In contrast, Cu*" had opposite effects by suppressing bacteria growth (fig. 2a, b). For
both Mn?"and Cu?" ions high concentration (1 mM) had more noticesble influence. Cobalt (I1)
ions had no visible effects on lag phase duration and specific growth rate. E, changes were aso
observed during E. hirae growth with and without heavy meta ions. As it is shown in fig. 3,
oxidation-reduction potential drops from positive values to negative ones after 8 hours of growth
as culture passed to the stationary phase. The E;, drop gives evidence of many reduction processes
which take place during bacteria growth [12]. After 24 hours E, markedly increased, but did not
reach the initid vaues (not shown). Then, changes in E, during ATCC9790 growth were also
observed in the presence of heavy metal ions (fig. 3). Mn®* distinctly dropped the Eh value in
comparison with control sample. Stronger effects are observed with high concentration (1 mM)
when E;, dropped up to -300+10 mV compared with that of control (-200+15 mV) (fig. 3). Cu*
ions had contrary effects on E;, in a concentration-dependent manner. In the presence of theseions
En lowered down to -100£8 mV only. For comparison Ey, changes during E. hirae growth were
aso observed in the presence of other divaent heavy metd ions, cobdt (I1). As it is shown in
fig. 3, cobat (1) ions within the same concentration range have no significant influence on
E, vaue.
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Fig.2. Effects of 1 mM Cu2+, Mn2+ and Co2+ on E. hirae ATCC9790 cell growth.
A.Lag phase duration, B. Specific growth rate. Control was bacterial
growth in the medium without heavy metals ions.
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Fig.3. Changes in redox potential during £. siraec ATCC9790 growth in the
presence of 1 mM Cu®", Mn>" and Co?".

In our laboratory it was shown that a reducer of SH-groups, DL- dithiothreitol, sti-
mulated E. hirae cell growth and enhanced acidification of the medium but an oxidant, fer-
ricyanide, suppressed bacterial growth and decelerates oxidation of the medium [13]. Mn**
and Cu** are reducers and oxidizers, respectively, so just the opposite effects of these ions
could be expected. And our results are in accordance with this data. But at the same time
Co? is areducer too, but these ions have no effects on bacteria growth. This pointed out that
different action mechanisms could be evaluated.
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We have shown that even low concentrations of Cu?" and Mn?* affect E. hirae

growth. This also causes changes in E, drop during the growth. These effects have a con-
centration-dependent manner and are quite different for these ions. Such influence can be
explained by direct effects of these ions on bacterial membrane or can be mediated through
Ey. The findings are novel and have interest to understand the mechanisms of these effects
and to regulate bacterial growth and activity during oxidative stress or in the environment
which contains heavy metals.

Acknowledgments. We express our gratitude to Prof. H. Kobayashi for supplying

E. hirae strains. This study was supported by the Ministry of Education and Science of
Armenia (Research Grant #1012-2008 and Basic support).

10.

11

12.

13.

REFERENCES

Nies D. Microbia heavy metal resistance. Appl Microbiol Biotechnol, 57, pp. 730-750, 1999.

Ji G. and Silver S. Bacterial resistance mechanisms for heavy metals of environmental concern. J.
Ind. Microbiol, 74, pp. 61-75, 1995.

Gikas P. Kinetic responses of activated sludge to individual and joint nickel (Ni(Il)) and cobalt
(Co(l1)): an isobolographic approach. J. Hazard. Mater, 143, pp. 246-256, 2007.

Hassen A., Saidi N., Cherif M. and Boudabous A. Resistance of environmental bacteria to heavy
metals. Biores Technol, 64, pp. 7-15, 1998.

Trchounian A. and Kobayashi H. Relationship of K*-uptaking system with H+-translocating
ATPase in Enterococcus hirae, growth at a high or low alkaline pH. Curr Microbiol, 36, pp. 114-
118, 1998.

Bagramyan K., Galstyan A. and Trchounian A. Redox potential is a determinant in the Esche-
richia coli anaerobic growth and survival: Effects of impermeable oxidant. Bioelectrochem, 51,
pp. 151-156, 2000.

Langenhoff A.,Bronwers-Ceiler D., Engelberting J. et al. Microbial reduction of manganese
coupled to toluene oxidation. FEMS Microbiol Ecol, 22, pp. 119-127, 1997.

Kobayashi M. and Shimizu S. Metalloenzyme nitrile hydratase: structure, regulation,and
application to biotechnology. Nat Biotechnol, 76, pp. 733-736, 1998.

Kirakosyan G.,Trchounian A. Redox sensing by Escherichia coli: Effects of copper ions as
oxidizers on proton-coupled membrane trangport. Bioelectrochem,?70, pp. 58-63, 2007.

Kirakosyan G., Trchounian K., Vardanyan Z. et al. Copper (Il) ions affect Escherichia coli
membrane vesicles' SH-groups and a disulfide-dithiol interchange between membrane proteins.
Cell Biochem Biophys, 51, pp. 45-50, 2008.

Vardanyan Z.,Trchounian A. The effects of copper (I1) ions on Enterococcus hirae cell growth
and the proton-translocating FOF1 ATPase activity. Cell Biochem Biophys, 57, pp. 19-26, 2010.
Kirakosyan G., Bagramyan K.,Trchounian A. Redox sensing by Escherichia coli: effects of
dithiothreitol, a redox reagent reducing disulphides, on bacterial growth. Biochem Biophys Res
Commun, 325, pp. 803-806, 2004.

Poladyan A., Kirakosyan G. Trchounian A. Growth and proton-potassium exchange in the
bacterium Enterococcus hirae: the effect of protonofore and the role of redox potential. Biophys,
51, pp. 447-451, 2006.

Received 06.03.2012

20



