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VANADATE REDUCTION
BY PSEUDOMONAS AERUGINOSA STRAINS

The ability of three Pseudomonas aeruginosa strains to reduce vanadate under microaerophilic conditions
has been studied. It has been demonstrated that P. aeruginosa strains A17, A03 and C25a were able to reduce
up to 38-60% pentavalent vanadium present in the medium. Vanadate reduction by P. aeruginosa strains A17,
A03 and C25a was not associated with anaerobic respiration. It has been shown that vanadate reduction by
P.aeruginosa strains is not the result of the spontaneous process. This is the first report of stimulation of vanadate
reduction by ATPase activity inhibitor N-N-dicyclohexylcarbodiimide under aerobic conditions.
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Microorganisms interact with metal ions in various ways. Many metal ions (copper, iron, zinc
etc.) are essential microelements necessary for normal functioning of living organisms though they
still possess toxicity at the elevated levels while other elements (cadmium, mercury, silver etc.) are
highly toxic even at trace concentrations and usually do not play any role in the cell metabolism.
Microorganisms can cope with metal toxicity in different ways: by exporting metal ions from the
cell, forming metal complexes inside or outside the cell, adsorbing ions on the cell surface or chang-
ing the oxidation state of a metal ion [11].

Vanadium is widely used in metallurgical industry and may be discharged into the environment
with petroleum products. Vanadium toxicity increases with its oxidation state and its pentavalent
form (vanadate) is considered the most toxic. Vanadate toxicity may be attributed to its structural
similarity to phosphate which could result in the negative effect on phosphate metabolism and in-
hibition of ATPase enzymes [9]. Microorganisms are reported to cope with vanadate either by ac-
cumulating it or reducing it to a less toxic tetravalent vanadyl form. Of great interest are microor-
ganisms able to reduce vanadate. It has been reported that cell extracts [14] and intact bacterial cells
[4] can reduce pentavalent vanadium. Mainly bacteria use vanadate as an electron acceptor during
anaerobic respiration [4, 7, 12]. Aendekerk et al. reported that vanadate resistance in Pseudomonas
aeruginosa was determined by the efflux system MexGHI-OpmD which also is responsible for
antibiotic resistance [3]. Antipov et al. isolated P. isachenkovii from ascidia whose blood cells con-
tained high levels of vanadium. This strain was tolerant to vanadate and was able to reduce pentava-
lent vanadium to V(IV) under anaerobic conditions [4]. However little to nothing is known about
P. aeruginosa ability to reduce vanadate.

The aim of this work was to study the ability of P. aeruginosa strains to reduce vanadate under
microaerophilic conditions.

Materials and Methods. P. aeruginosa strains used in this work were isolated from differ-
ent natural sources [2]. Bacteria were routinely cultivated on the modified mineral medium M to
decrease the risk of excessive metal complexation containing (g/l): KH,PO, - 0.5; NH,NO, - 0.5;
MgSO, - 0.1, yeast extract — 0.5; sodium citrate — 10 [5].

The ability of bacteria to reduce pentavalent vanadium was determined by the colorimetric
method based on the formation of the yellow complex between tetravalent vanadium and hydrogen
peroxide at acidic pH [1]. Briefly, Iml sample was mixed with 1 ml 3% hydrogen peroxide and
0.5 M H,SO, was added, so the total volume of solution was 50 ml. The absorbance of solution was
determined using photoelectrocolorimeter FEK-56 at wavelength 450 nm. The mixture containing
all the reagents except vanadate served as a negative control. A standard curve was based on the se-
rial dilutions of ammonium metavanadate.

Bacteria were grown in the flasks at 30 °C. Bacteria were inoculated into flasks filled with
growth medium up to the top and fitted with rubber stoppers to prevent oxygen access. The inoculum
of 5-6 x 10" CFU/ml and 1.5-1.8 x10% CFU/ml was used. Sterile controls were run under the same
conditions. The cultivation lasted 26 days.
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To confirm the biochemical nature of pentavalent vanadium reduction by the studied bacterial
strains the bacterial suspension grown overnight on the rotor shaker at 240 rpm in the liquid medium
M was centrifuged at 5000 rpm for 10 min and inoculum was added into flasks with medium M
containing 1g/l V(V). Before inoculation one part of the centrifuged cells was heat killed by 80 °C
treatment for 60 min.

To study the ability of P. aeruginosa strains to use vanadate as a sole electron acceptor the
bacteria were inoculated into flasks containing phosphate buffer (20 mM Na HPO,, pH 7.0) with
vanadate as a sole electron acceptor and sodium citrate as a sole electron donor. Flasks were flushed
with argon to create anaerobic conditions. Cultivation lasted 26 days.

The effect of the inhibitor N-N-dicyclohexylcarbodiimide (DCCD) at different concentrations
(0.2, 0.4 and 1 mM DCCD) on the ability of bacteria to reduce vanadate under aerobic conditions
was studied in the flasks which contained medium M with 1g/1 V(V). Bacteria were cultivated on
the rotor shaker at 240 rpm for 7 days.

The experiments were done in triplicate. The values represented are the means plus the standard
deviation.

Results and Discussion. The ability of three P. aeruginosa strains A17, A03 i C25a to reduce
vanadate has been studied under microaerophilic conditions during their cultivation in the liquid
medium M containing 1g/l pentavalent vanadium (Fig. 1).
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Fig. 1. Vanadate reduction (B, D, F) by P. aeruginosa strains A17 (A), A03 (B) and C25a (C)

under microaerophilic conditions. Bacteria were inoculated into flasks filled with medium up

to the top and fitted with rubber stoppers to prevent oxygen access. The inoculum size of
5-6x107 CFU/ml (o) and 1.5-1.8x10° CFU/ml (A) was used.

When using inoculum of 5-6 x 107 CFU/ml the weak decrease in vanadate concentration was
observed on the 7-10" day of cultivation. By the end of cultivation (26 days) strains A17, A03 and
C25a reduced vanadate concentration by 18.1 %, 18.4 % and 19.6 %, respectively.

As the inoculum size was increased up to 1.5-1.8 x 10® CFU/ml the significant stimulation of
vanadate reduction was observed. Vanadate reduction by P. aeruginosa strains A17, A03 and C25a
under such conditions was more pronounced —38.2 %, 60.6 % and 47.75 % of pentavalent vanadium
present in the medium, respectively. The appearance of blue colour in the medium was observed on
the 2-3" day of cultivation though the noticeable decrease in vanadate concentration occurred only
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after 5-10 days of cultivation. The increase in the inoculum size resulted in the stimulation of vana-
date reduction. The similar effect was observed by Csotonyi et al. where the intensity of the colour
change of the medium was much higher in cell suspensions of higher density [8].

It is well known that some gram-negative bacteria can use vanadate as an electron acceptor dur-
ing anaerobic respiration [7, 12]. But it should be noted that the most intensive reduction of pentava-
lent vanadium by the studied strains did not coincide in time with the phase of active bacterial growth
(data not shown) — the significant decrease in pentavalent vanadium concentration was observed
after a week of cultivation or later. This could indicate that vanadate reduction by these bacteria is not
associated with anaerobic respiration. Van Marwijk et al. reported that Enterobacter cloacae strain

could reduce vanadate only while in the late exponential or stationary growth phase [13].
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Fig. 2. Vanadate reduction by P. aeruginosa strains A17, A03 and C25a
in the medium M (grey colour) and phosphate buffer (black colour).

To verify this assumption the flasks with phosphate buffer containing vanadate as a sole electron
acceptor and sodium citrate as an electron donor were inoculated with P. aeruginosa strains A17,
AO03 and C25a. The flasks with medium M inoculated with these bacteria served as a control. Pen-
tavalent vanadium concentration in the medium was determined after 26 days of cultivation (Fig. 2).
While the decrease in vanadate concentration was observed in flasks with medium M, no pentava-
lent vanadium reduction occurred in phosphate buffer. The biomass increase in the flasks containing
phosphate buffer was not detected. These findings confirm the speculation that vanadate reduction
by A17, A03 and C25a strains is not associated with anaerobic respiration.

It is well known that some microorganisms cope with vanadate toxicity by reducing it to tet-
ravalent vanadium. In yeasts glutathione is involved in vanadate reduction [10]. Siderophores pro-
duced by P. aeruginosa have been shown to form complexes with vanadate and vanadyl ions [6].
It could be presumed that the studied P. aeruginosa strains produce compounds with high reducing
power resulting in vanadate reduction.

To exclude the possibility of vanadate reduction as a result of the spontaneous or chemical pro-
cess flasks were inoculated with intact cells of P. aeruginosa strains A17, A03 and C25a, heat treated
cells or left uninoculated. Heat killed cells of three P. aeruginosa strains did not possess the ability
to reduce vanadate. The growth medium inoculated with untreated bacterial cells turned dark blue
by 2-3" day of cultivation while the medium containing inactivated cells did not change its colour
(Fig. 3). So it can be concluded that vanadate is reduced by living cells of P. aeruginosa strains but
this process is not associated with anaerobic respiration.

Previously we observed the appearance of blue colour in the medium containing vanadate and
200 uM DCCD — ATPase activity inhibitor — during cultivation of A17 strain under aerobic condi-
tions, which indicated the presence of vanadyl-ion (V(IV)). The effect of different DCCD concen-
trations on vanadate reduction by A17 strain during aerobic cultivation has been studied (Fig. 4). No
vanadate reduction under aerobic conditions was observed in the control medium (without DCCD).
It has been demonstrated that the addition of DCCD to the medium resulted in 11.2-14.7 % reduction
in pentavalent vanadium present in the medium by the given microorganism. The 5-fold increase in
DCCD concentration from 200 uM to 1 mM did not significantly influence vanadate reduction.
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Fig. 3. Vanadate reduction by living and heat-treated cells of P. aeruginosa strain A17.
A — heat-treated cells, B — intact cells, C — negative control (uninoculated medium).
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Fig. 4. Dicyclohexylcarbodiimide effect on vanadate reduction by P. aeruginosa strain A17
under aerobic conditions.

Aendekerk et al. [3] described efflux pump MexGHI-OpmD which was involved in vanadate
resistance of P. aeruginosa. It could be hypothesized that A17 strain copes with pentavalent va-
nadium toxicity not only by reducing it to a less toxic vanadyl ion but also by expelling vanadate
from the cell by the efflux mechanism. As a result inhibition of ATPase activity by DCCD could
lead to suppression of one resistance mechanism (efflux) and intensification of the other (vanadate
reduction). While bacterial vanadate reduction under aerobic conditions has been described [8, 13],
this is the first report concerning vanadate reduction stimulation by ATPase inhibitor DCCD under
aerobic conditions.

In summary, vanadate reduction by P. aeruginosa strains A17, A03 and C25a is a biochemical
process conducted by living bacterial cells. Reduction has not been shown to be associated with
anaerobic respiration. The stimulation of pentavalent vanadium reduction by the inhibitor DCCD
under aerobic conditions has been shown for the first time.

O./. Anesa, I.®. Cmupnosa

Hnemumym muxpobuonozuu u eupyconoeuu um./l.K.3ab6onomnoeo HAH Ykpaunei, Kueg

BOCCTAHOBJIIEHUE BAHAJIATA
INTAMMAMMUM PSEUDOMONAS AERUGINOSA

Pesmome
HW3ydena crocoOHOCTh Tpex MWTaMMOB Pseudomonas aeruginosa BOCCTaHABIMBATH BAHAJAT B MHKPOAd-
podunbHbIx ycnoBusx. [Tokasano, uto mrammst P. aeruginosa A17, A03 u C25a Bocctanasnusamu 10 38-60 %
msTUBaNeHTHOro BaHaaus. [Ipomecc BoccraHoBieHus BaHanara mramamu Al7, A03 u C25a He Obt cBsi3aH ¢
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aHa’pOOHBIM JIBIXaHHEM. YCTaHOBJICHO, YTO BOCCTAHOBIICHUE BaHAara MTaMMaMu P. aeruginosa He sIBISETCS
CHOHTaHHBIM TIpoIieccOM. BriepBble Mmoka3zaHa CTUMYIISLMS OaKTEpHAaIbHOTO BOCCTAHOBJICHHS BaHA/IaTa B ad-
pOOHBIX ycinoBusaX UHrHOUTOpoM AT®a3Hoii akTHBHOCTH N-N-THUIHUKIOTEKCHIKapOOANUMHUIOM.

KnwoueBrie cioBa: Pseudomonas aeruginosa, BoccTaHoBIeHHE BaHanaTa, N-N-IHIHUKIOTeKCHIKAp-
GonuuMuLL.

O./1. Ancea, I.®. Cmupnosa

Incmumym mikpobionoeii i gipyconoeii imeni JI.K. 3abonomnoco HAH Yxpainu, Kuis
BIJHOBJIEHHS BAHAJATY HITAMAMUM PSEUDOMONAS AERUGINOSA

PeszwomMme

JlocnipKeHo 31aTHICTh TPbOX ITaMiB Pseudomonas aeruginosa BiJHOBIIOBAaTH BaHAIaT B MiKpoaepodinb-
HUX yMoBax. [loka3aHo 31aTHICTh mTamiB P. aeruginosa BigHOBMOBaTH 10 38-60% 1’ ITHBAICHTHOTO BaHAIIO.
IIpouec BinHOBNeHHs BaHaaty mtamamu Al7, A03 i C25a He OyB 1oB’s13aHuii 3 aHaepOOHUM AMXaHHAM. Bera-
HOBJICHO, 1[0 BiJIHOBJICHHS BaHa/IaTy TaMaMu P. aeruginosa He € CIOHTaHHUM TIpoliecoM. Briepiie nokasano
CTUMYIISILI0 OaKTepiaJbHOTO BiTHOBJICHHS BaHAJaTy B aepoOHHX yMoBax iHriditopom AT®da3HOi aKTUBHOCTI
N-N-au1mKiIoreKcuikapooaiiMizom.

KnwuoBi c¢ 1o B a Pseudomonas aeruginosa, BiTHOBIEHHsS BaHaiary, N-N-IHIHMKIOTEKCHII-
KapOoziimin.
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