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EFFECTSOF HEAVY METAL IONSON SOME GRAM-NEGATIVE MULTIRESISTANT
STRAINS

O.D. lanieva, H.F. Smyrnova

Bnnue ionie earxckux memanie na picm 0eaKux zpam-HezamueHux mynvmupesucmenmuux oaxmepii. — 0./]. Aneea,
I'.®@. Cmupnosa. — Byna docniddcena cmitikicms 0eKibKOX MyTbmMUupe3sucmeHmuux wmamie pam-ne2amueHux daxmepii
00 8adickux memanig. Mynbmupe3ucmenmui wmamu nposeuau pisHutl Xapaxkmep pocmy 6 piokomy cepedosuwyi 3 lOHAMU
MiOi, kadmito, eanadito ma cpiona. [lpucymuicmo ioHig Midi, KaOMito i 8aHAOII0 6 cepedosuyi NPUBOOULa A0 30LNblUIEHHS
mpusanocmi 2enepayii ons 6inwocmi wmamis. Bipoziono, wo wmamu AL7, A03 i C25a ocaodacyioms kaomiti y euensoi
cynoioy.
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Effects of heavy metal ions on some gram-negativeltiresistant strains. — O.D. lanieva, H.F. Smyrnova.The toler-
ance to heavy metalsin several gram-negative multi-resistant bacterial strains have been studied. The multiresistant strains
showed different patterns of growth in a liquid medium supplemented with copper, cadmium, vanadium and silver ions. The
presence of cadmium, copper and vanadium in the medium resulted in a longer generation time for most strains. The possi-
ble mechanism for cadmium detoxification was sulfide precipitation by strains A17, AO3 and C25a.
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Rapid industrialization has led to an increasing re  Bacterial tolerance to heavy metals can be
lease of the various chemicals into the environmeplasmid-determined as well as chromosome-
by agriculture and industry. Heavy metals belong tdetermined [4, 10, 12]. In many cases plasmid-
the class of the most hazardous and abundant eneircoded heavy metal resistance is correlated with
ronmental pollutants. As microorganisms are knownresistance to antibiotics [21].
to adapt to the presence of toxic metal ions inrthe  Though mostly metal-resistant microorganisms
habitat the interest in metal-microbe interactidms are isolated from metal-polluted areas some reports
recent years has increased. Most heavy metals &itow the presence of bacteria tolerant to heavalmet
highly toxic to living organisms even at very loewt in metal-free environments. Several authors suggest
els. However, such metals as copper, zinc, cobalt athat microorganisms have acquired toxic metal resis
some others may participate in catalytic functibos tance systems at early evolutionary stages [3, 11].
at high concentrations they become toxic to microor Here we describe seven strains that show multiple
ganisms as well [7]. resistance to heavy metals. The growth in liquid me

Metal-resistant microorganisms have evolvediium supplemented with metals in these strains is
several distinct mechanisms to tolerate toxic metatudied.
ions. Some gram-negative and gram-positive bacteria
possess specific efflux pumps, which eject divalent
cations through the cell membrane [14]. Other wa
to detoxify heavy metal ions by microorganisms in-
clude binding of ions to various sites on the seili- _ _ . )
face, sequestration through intracellular “trapping Bacterial strains and growth conditions. Previ-
proteins or polymers, precipitation of heavy metes o_usly, we |sola§ed 110 bacterial strains resistant
insoluble phosphates, sulfides and carbonates. Migh concentrations of copper, cadmium, silver and
nally, some bacteria have enzymes that specificalfjpnadium from samples of soil, water, air and other

detoxify heavy metals by changing their valencd [15 €nvironmental  sources  [1]. Among them 7
multiresistant strains have been chosen for further

experiments; their characteristics are listed ibl&4d..

aterials and methods
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All strains were mantained on a simple mineralated into mineral medium containing 1g/L*>*Vas
medium (MM) (pH 7.0-7.2) containing (g/L): NH,VOs; under semi-anaerobic conditions (tubes
NaH,PO, — 0.5, NHNO; — 0.5, CaGl — 0.1, yeast were tightly sealed to avoid excessive oxigen
extract — 0.5, sodium citrate - 10, agar - 15. penetration). Tubes were incubated afGdor 14

Effect of metal ions on bacterial growth. All days. Vanadium reduction was indicated by the
experiments on bacterial growth were performed inhange of the colour of the medium to blue,
liquid mineral medium of the same content as deattributable to the presence of vanadyl ion (1V).
scribed above, supplemented with Cys,0 (1
g/L of C¥"), Cd(NOy)x4H,0O (0.5 g/L of Cd",
AgNO; (0.1 g/L of Ad) or NHVO;3 (1 g/L of VPY). In
experiments on the effect of silver ions on microor
ganisms Ca(Ng), instead of CaGlhas been used 10 previously, we reported the isolation of 110
minimize the precipitation of silver ions by chidel  meta|-resistant strains from different environmenta
ions. 1 ml of overnight cultures was transferred t@jches [10]. To further research the effect of lyeav
tubes containing 9 ml of LMM supplemented with thénetal ions on bacteria and the possible mechanisms
appropriate metal. Cultures were cultivated on gf resistance we selected 7 strains, which showed
rotary shaker at 240 rpm at 28-80for 8 days. The myjtiple resistance to heavy metals. These strains
growth was monitored turbidimetricallycally at 540\yere able to grow on the solid MM in the presenie o
nm every 4 hours during first 24 hours and every 24 o/ of C(*, 0.5 g/L of Cd", 0.1 g/L of Ad, 1 g/L
hours after that. All tests were performed inyf\/>* and the mixture of 0.5 g/L of &4 0.25 g/L of
triplicates. Cd™* and 0.05 g/L of A§ Phenotypically, all these

Sulfide production. Ability of the studied strains strains were gram-negative motile aerobic or fasult
to produce sulfide was monitored on Kligler's agartive anaerobic rods. The characteristics of metal-
the blackening of the medium indicated sulfide proresistant cultures used in the study are repregénte
duction. Table 1.

Vanadium reduction. To determine whether
multiresistant strains could reduce ions of vanadiu
(V), overnight cultures of every strain were inocu-

Results and discussion

Table 1. Multiresistant bacterial strains usechis study

Strain Source of isolation Systematical position
Al7 Faeces of the cattle Pseudomonas sp.
35 Faeces of the cattle Enterobacteriaceae
A03 Field soil Pseudomonas sp.
C25a Soil from machine-building plant Pseudomonas sp
C25b Soil from machine-building plant Not determined
OClh Faeces of the cattle Enterobacteriaceae
044 Laboratory air Enterobacteriaceae

It is of interest that these strains were isolategeneration time while Cé-exposed cells showed al-
from metal-stressed as well as from nonmost a 6-fold increase. Vanadium was the leasttoxi
contaminated sources. Though it is generally betiev for all the selected strains having a profoundafe
that metal-resistant microorganisms are mostly iséhe growth rate only in the case of the strains AG8
lated from metal-exposed environments [18, 20[PClla. No significant increase in optical densityai
some authors reported that heavy metal resistancelifiuid medium with silver was detected in any stgai
wide-spread [16, 19] while others found no diffeven Although the microscopic examination of the seldcte
in metal susceptibility patterns between straires is strains after 48 h incubation in the medium supple-
lated from metal-stressed environments and straifdented with 0.1 g/L of silver showed that cells did
found in non-contaminated sources [13]. not lose their motility, nevertheless the seedirig o

The growth responses of the selected multiresigiese cultures onto plates with MM did not resalt i
tant strains to high concentrations of copper, ca@ny Visible growth (data not shown). The strains 35
mium, vanadium and silver in liquid medium wereOClla and 04 were not capable of the growth in the
studied (Fig. 1). Growth curves of 7 multiresistanPresence of cadmium ions while copper ions inhibite
isolates suggest that generation times were faejowthe growth of OC11a and 044 isolates.
in the presence of heavy metal ions (Table 2).exer
ample, in the case of the strain A17 thé'@amended
culture was characterized by a 2.5-fold increase in
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Fig.1. Effect of heavy metal ions on the growthnuiltiresistant strains A17 (A), 35 (B), A03 (C), C283), C25b (E),

OC11a (F) and 044 (G). Cells were grown in liquid enii medium supplemented with 1 g/L of<(m), 0.5 g/L of Cd"
(A), 1 g/L of \P* (e) and 0.1 g/L of A§ (D) and in metal-free medium §.
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Table 2. Growth of multiresistant bacterial isotaite the presence of heavy metals

Strain Generation time (hours) in the medium supplemeniéd
No metal Copper Cadmium Vanadium Silver
Al7 3.86 9.99 21.37 4.42 -

35 9.57 19.34 - 2.35 -
AO03 4.7 5.48 15.06 26.7 -
C25a 4.95 10.8 21.1 9.05 -
C25b 23.31 43.3 24.7 24.04 -

OClla 6.6 - - 22.78 -

044 40 - - 18.52 -

The study of growth of the selected strains in aium even greater than that at the control. Th&k pea
liguid medium supplemented with heavy metalgvas observed at 48-72 h with subsequent continuous
showed that strains A17, A03 and C25a were moggecrease in optical density. Wang et al. obserled t
resistant among the studied isolates by beingteggis similar picture when growing the strain CW-96-1 of
to cadmium, copper and vanadium followed by th&seudomonas aeruginosa in medium containing up to
strain C25b, while strains 35, OCl1la and 044 wef® mM cadmium [20]. In these cases optical density
most sensitive by showing a noticeable increase imas influenced not only by cell density but also by
optical density only in medium containing vanadiumprecipitation of cadmium ions and possible floceula
In most cases heavy metal addition resulted in tion. It was hypothesized that such an increasgpin
longer generation time which is in agreement wittical density could be determined by production of
findings of other authors [6] and in some casea in sulfide. The growth of the isolates on Kligler'saag
longer lag phase [8, 22]. Though a slight increéase confirmed production of sulfide by the strains A03
optical density was shown by some strains in mediuand C25a and to a lesser extent by Al7 (Table 3),
with silver and the microscopic examination revdalewhich was consistent with the data that the firgl-o
the maintenance of motility by cells, no visiblecal density in cadmium-supplemented medium pro-
growth was detected after seeding the cultures antoduced by these strains was higher than in metal-fre
solid medium either supplemented with metal or wittmedium. Though most microorganisms are known to
no added metal. Ivanova et al. noticed the change precipitate cadmium as sulfide under anaerobic con-
size and motility by the strains dPseudomonas ditions [17], recently some authors demonstrated th
citrea andMarimonas sp. after incubation in medium possibility of cadmium precipitation as cadmium-sul
supplemented with cadmium [9]. Future studies wilfide in aerobic culture bf. aeruginosa [20] andEs-
provide more data, which could explain this phecherichia coli [2].
nomenon.

The strains A03 and C25a showed an increase in
optical density when grown in the medium with cad-

Table 3. Sulfide production and vanadium reducligithe selected strains

Strain Al7 35 A03 C25a C25b OCl1la 044
Sulfl_de pro- - i + + i i i
duction
Vanadium

: - +
reduction + + + - +

Note: vanadium (V) reduction was observed by thtenge of the colour of the medium to blue

As all the isolates were able to grow in the liquid The multiresistant strains showed different pat-
medium supplemented with vanadium under aerobterns of growth in a liquid medium in the presen€e
conditions, we studied the ability of multiresigtancopper, cadmium, vanadium and silver ions. For fur-
strains to reduce vanadate (V) ions under semther study of heavy metal resistance and possible
anaerobic conditions. Among 7 isolates five changemechanisms of metal tolerance in multiresistant bac
the colour of the medium to blue, thus indicatihg t teria we selected 3 strains A17, A0O3 and C25a based
formation of the vanadyibn (Table 3). Several mi- on the growth rates and the profile of heavy medal
croorganisms have been reported to reduce vanadisistance of the studied isolates.
under anaerobic conditions [5, 15].
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