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A nickd-resstant Strain Escherichia coli V33 wes isolated from Vilnius city SBw-
age sludge. The dtrain could prow in the liquid mineral medium in the presence
of 4 mM NiCl,. Addition of | mM or 2 mM NiCL, & the beginning of logarith-
mic phase stopped the prowth, and the duration of lag perind wes almost directly
proportional to the N " concentration used: the iag period wes followed by loga-
rithmic growth. The resistant Strain V38 accumulated Ni** less than the sensitive
grain IMI01; pregrown overnight with nickel V38 cedls did not accumulate nickd
ions At 0°C during the first 10 min induced Or net induced resigant V38 and
sensitive JM100 cells accumulate Nit* almost at the same rate. The data dlow
to suggest that resistance iN V38 cells develops after a definite lag period, is

connected with loss d dbility to accumutate Ni+ and is inducible
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INTRODUCTION

1n the environment polluted with heavy metals therc
can grow various microorganisms and higher organ-
ism which have evolved various mechanisms of tol-
erance. Plants, animals and numcrous |ower eukary-
otes bind mctals inside the cclls with the help of
specia polypeptides - metallothioneins and phyto-
chelatins [9] or metals arc bound to cell wall struc-
tures [1. 2, 15, 16]. Some other organisms secrele
special glucoproteins to bind metals outside the cells
[1] Many microorganisms have evolved a very com-
plex mechanism of resistance: they actively efflux
metal iom out of the cell [4].

Nickel-resistant bacteria were found in soil near
the nickel-accumulating trees: the tree accumulated
the metal in leaves which when falling down polluted
soil near the tree. Both the amount of resistant bac-
teria and the level of resistance were in dependence
on the pollution gradient near the tree [9].

Some peculiarities werc observed when bacterial
cultures were grown in medium with metals. A pro-
longed lag phase was obscrved for Alcaligenes
eutrophus in the presence of Ni** and Co™* [7]. A
12-24 h long lag-phase was observed when the cells
ol Alcaligenes eutrophus N9A were grown in the
presence of 3 mM NiCl,. Pregrowth of the culture
in the presence of subinhibitory concentration
(0.5mM) NiCll, enabled the culture lo grow at 3mM
NiCl, without a lag-period J13]. Similar results were
obtained in the study of nickcl resistance in the

[S3N 0235-7224. Ekolupija (Vilnius). 1498 Nr. 1

Burkholderia stain 32W-2 | 14]. These results showed
that the resistance to nickel was inducible. Unfortu-
nately, there are no data in these studies about
morphological changes of the cells in the lag-phase.

In this paper some characteristics of Ni-resistant
Escherichia coli V38 isolated from city sewage sludge
are described. This resistant strain showed a low level
d Ni accumulation and prolongation of lag period
during the growth in the presence of NiCl,. The re-
sistance was inducible.

MATERIAL AND METHODS

The following bacterial strains were used in this
study: 1) Escherichia coli V38 - this strain was iso-
lated from Vilnius city sewage sludge by pregrowing
in liquid medium in the presenee of 4 mM ol NiCl,
and plating on Ni-mineral agar medium. Selected
colonies were transferred into mincral liquid me-
dium with the same nickel concentration and plated
again on Ni-mineral agar medium and were stored
on 2 mM Ni-agar medium. The selected strain was
identiticd as E cdi and namcd as strain V3. This
strain showed the resistance to Ni%+ (4 mM), Ca?*
(1 mM), Zn** (I mM)} (thisstudy). The growth expe-
riments were carried out in the presence of 2 mM
NiCl,. 2) E. coli IM10f F' 1wraD36 proAB laclg
AllacZ)M15 [ supLT thi Aflac-praAB) [17]; this strain
was used as a Ni*" sepsitive control. Both strains
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wzoie 1. Minimal inhibitory concentration of NiCl, for
& eofi Strains JM101 (sensitive)and V38 (resistant) (colo-
N forming units)

“ancentration of Strains
NiCl,, mM IJMI101 V38

Control 43 g 107 44 x 107
0.05 12 X 10
0.1 8.0 x 10¢
0.2 56 x 10°
0.3 47 x 10°
04 6.0 x 10t
05 no growth
10 45 x 107
3.0 40 x 107
40 67 X 10°
5.0 23 x 10
55 70 x 10°
6.0 27 x 10*
6.5 no growth

were grown at 37°C in mineral salt medium contain-
ing (in grams per litre of distilled water): ‘Iris —
6.06; NaCl - 4.68; KCl - 1.49; NII,Cl - 1.07;
Na, SO, - 048, MgSO,- 7H,0 - 0.23; CaCl, - 0.03;
Na,HPO, - 0.01; pH 7.1-7.2. Microclements and
elucose (0.16%) were sterilized separately. To get
an agar medium, 1.5% of Bacto-Agar (Ferak, Ber-
lin) was added to the mineral medium before auto-
claving. Nutrient Broth (Difco Laboratories) was
used in control growth experiments. Optical density
(OD) measurements were made with Perkin Elmer
Spectrophotometer 550 at wave lenght 550 nm.

Sensitivity to nickel was estimated by growing
E. coli strains in the presence of various NiCL, con-
centrations in mineral salt medium on agar platcs
and in liquid medium. To estimate the MIC values,
the cells were grown overnight in mineral medium
without nickel and were plated on mineral medium
agar containing various NiCl, concentrations. The
results were evaluated after 3 days of incubation and
expressed as the number of colony forming units
per 1 ml suspension (Table 1).

“NiCl, (Izotop, Russia) was used for uptake ex-
pcriments and added to bacterial suspension in trace
concentration. The overnight bacterial culture was
harvested by centrifugation and the cells were sus-
pended in uptake-efflux mcdium containing (in grams
per litre of distilled water) Tris - 6.06; NaCl — 7.6;
glucose - 1.6 [11]. ®Ni’* uptake was determined by
filtering 0.5 ml samples of bacterial suspension
through 0.3-0.4 pm Synpor filters (Czech Republic)
and washing with NaCl (130 mM) - Tris (5 mM) -
EDTA (2 mM) buffer. The dried filters were im-
mersed in scintillation liquid and radioactivity was
measured (Counter SL30 Intertechnique).

RESULTS AND} DISCUSSION

Determination of minimal inhibitory Ni** concen-
tration for two %. coli strains - resistant V38 and
sensitive JM101 was carried out by growing the cells
in both liquid (for 20 h, data are not shown) and
agar-mineral medium (for 3 days) in the presence
of various NiCl, concentrations. The data are pre-
sented in Table 1. E. coli JM101 showed a slower
growth in the presence of 0.1 mM and practically no
growth in the presence of 0.4 mM NiCl,. I coli
V38 showed decreased growth in the prescncc of
5mM and practically no growth in the prescncc of
6 mM NiCl. All the following experiments were
carried out in the presence of Ni** ‘a a concentra-
tion not exceeding 4 mM to have the optimal growth
conditions. This resistance of E. coli V38 isnot very
high in comparison with some strains of Alcaligenes
resistant to 20-50 mM of NiCl, [10, 12] but it is
about ten times higher than that of the laboratory
strain JMI10L. It is important to note that nickel
concentration in sewage sludge was about 317 mgkg
dw at the time ol E. coli V38§ isolation |3]; this slud-
ge could be attributed to the V category of pollu-
tion [8]. According to analogous data [?]. it is pos-
sible to suggest the dependence ol Ni resistance in
isolated E. coli V38 on the level of sewage sludge
nickel pollution.

The growth of £ coli V38 culturc in the Ni?'-
containing liquid mineral medium was characterized
hy the presence of prolonged lag phase, the duration
of which was dependent on nickel concentration in
the medium. Addition of Ni** during the beginning
of logarithmic phase stopped the growth, and the
duration of this lag phase was in direct dependence
on Ni%+ concentration used (Fig. ).

A question could bc asked: What happened to
the adls during this 2—4 h prolonged lag period when
they did not divide or when the division period was
stopped for 2—4 h by adding Ni’+? We have no
morphological data about possible changes in E. coli
V38. Deep morphological changes in £. coli 13 cells -
vacuolization and loss of colony-forming ability wcrc
observed in the lag-phase caused by the presence of
3x10° M (Cd?*. After this lag-phase the cells re-
stored their morphological structures and regained
viability without chromosome rcplication [6].

It could be suggested that prolongation of the lag
period was connected with the development of resis-
tance, as the following logarithmic growth was al-
most of the same intensity as the control (Fig. I).

In the medium with metal ions, bacteria accumu-
late them hy immediate sorbtion on their surface
and by a comparitively sow uptake into the ccll. Of
biologica importance is the latter process, as thc
adsorbed metal can he taken out by competitive ions
or washed out by detergent agents. The development
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Fig. |. Growth of Escherichia coli V38 resistant strain in the absence (o) or in the presence of 1 mM(n) or 2 mM (A)
NiCl,. The culture was grown in mineral medium, nickel was added at the early logarithmic growth ()

of resistance is connected with the decrease of the Two conditions could be important in the metal
ability to accumulate metal ions [4]. ion uptake experiments. the temperature and
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Fig 2 Nicke accumulation by the cells of Escherichia coli two strains: sensitive JIM101 at 0°C: (O) and at 37°C(n) and
resistant V38 at 0°C (A) and at 37°C(A). 04 uM NiCl, and “Ni** were added at the beginning of incubation in uptake-
efflux medium
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wx—wth of the cells, as the development of resis-
wm+ 1§ supposed to be inducible [13]. The over-
- cultures o E coli o both resistant V38 (in-
= & the presence of 0.1 mM NiCl, during over-
+-- growth) and sensitive JM101l strains were
« i and suspended in uptake-efflux medium in
w wresence of 0.5 pM NiCl, and “Ni‘*, non-toxic
=-=ntration for strain JM101. The amount of ac-
w:lated nickel was calculated according to the
o -activity of samples. The incubation was at 37°C
={. The data are presented in Fig. 2.
ne sensitive JM1OI cdls at 37°C accumulated
i~ ~5e highest level and more than at 0°C. V38 cells
accumulated almost at the same level as the
wsitive JMI101, and independently on whether V38
been induced or not. The difference could be
= when the uptake at 37°C is compared between
“uczd and not induced cells. Not induced cdls dur-
=e the first 20 min accumulated a definite amount
Ni-*, but during the following incubation the
=ount of Ni** in the cells decreased (the data for
- induced V38 in Fig. 2 are not shown). The in-
==d cells showed practically no Ni?+ accumulation.
Many data concerning Ni resistance were obtained
= experiments with Gram negative bacterium
Lewonia eutropha CH34 (former name Alcaligenes
-ophus) 19]. Isolation o E cdi V38 naturally
~=sistant to Ni?* is rather new, and the physiological
were unknown. Three main features of this
—-=sixtant strain V38 could be emphasized. First: the
resence of lag period which was almost directly de-
-endent on Ni? concentration in the medium; it is
~xsible to speculate that during this lag period the
sboration of resistance takes place, as the follow-
== growth is like the logarithmic growth of control
witure. Second: the resistant induced V38 cells at
7(> showed no Ni%+ accumulation in comparison to
sensitive JMIOI cells; the cells of both strains at
" accumulate Ni“+ at the same level (Fig. 2). This
«uggest an active role of energy supply in the devel-
=oment of resistance. Third: the absence of aceumu-
“stiom in induced cells allows to suggest that the
development of resistance is inducible.
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J. Rubikas, D). Matulis

Escherichia coli, ISSKIRTOS 1S MIESTO NUOTEKU
DUMBLO, ATSPARUMAS NIKELIUI

Santrauka

Nikelio jonams atsparus Lscherichia coli V38 kamienuss buvo
iskirtas § Vilniaus micsto muateky dumblo. Si bakterija augo
skystojc mincralingje terpéje esant 4 mM NiCL. Pridéjus 1 mM
arba 2 mM NICl, logaritminés fazés pradZioje sustabdomas
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augimas ir tokio stabdymo trukmé yra bevelk tiesiogiai
priklausoma nuo panaudotos Ni koncentracijos; po to vyksta
logaritminis augimas. Atsparus kamienas V38 kaupia Ni*
maZiau negu jautrus E. coli JM101 kamienas; paauginus per
naktj terpéje su nikelin V38 Igstelés visiskal nekaupia nikelio.
Esant bakterijoms 0°C aplinkoje pimmasias 10 min, V38 ir
jautm JM101 NI** kaupia vienodai. Duomenys leidZia daryti
priclaida, kad atsparumas V38 lgstelése susidaro sustojus
jvairios trukmes augimui; susidarius atsparumui, lgstelés
nekaupia NP+, Atsparumas nikeliui yra jjungiamas.

M. Pyomkac, J. Maryme

YCTOMYMBOCTDh K HUKEJN Escherichia col,
BBIIEJJEHHOM M3 WA TOPOJICKMX CTOYHbBIX
BOJI

Peswome

VertoltuuBelf K monam HMKeNS nrtaMM Escherichia coli V38
AT BRIIETCH H3 HJa CTOUYHBIX Boj . BuabHoca. KoteTin

oTo# GakTepHM poCIH B XHIKOM MHHEpadbHON cpele
npu mamagun 4 MM wioprna HuEkens. Ilpu noGaeneHun
K cpege 1 MM wmm 2 MM xiopmpga HHUKeS B Hadale
norapagMuueckoit ¢a3el oTMEdYaeTCH 3a/epKKa pPOCTa
KJIETOK, [POJIOIDKATETRHOCTL KOTOPOH Haxo MTcA B 1psi-
MO 34BHCHMOCTH OT KOHTgHTpamH®R mwkena. [locne
3alepXKKA JorapudMIYeckuil pocT HpOoRoCKaeTed. Yora-
HOBJ/EHO, TT0 ycToWUMBLI mrTamM V38 HaKalLIMBaeT HH-
KeJIA MeHLINe, 96M 4yBCTBUTe/IbHBIN mraMm JM101. Ilpn
BEIPAHIMBAHHA KJIETOK IMTAMMa V38 B Tewenme 20 4 B
cpelle C HHKEIeM HAKOIJIEHMSI MMM HMKE/! HE OTMe"
ganmock. BripammBaime knetoxk mpu 0°C nHokasajo, 4To
yeroiunseiit mramM V38 a gyecteuTempHbIH JMI101 Ha-
KATUTMRAIOT OJTTHAKOBOE KOIHYECTBO HOHOB HUKeNd. [lo-
NIYYEHHBIE [AHHEIE TO3BOJIIOT MPeATONOKATR, WO yCTOMH-
THBOCTL K HHKSI0 B KIeTKaX MTaMma V33 Buipaba-
THIBAETCA NOCNE MepHoda WHTHOMPOBAHHSA pocTa. YcToli-
THBOCTL KJIETOK METAMMA V38 K HHKEINO SIBISIETCS HHIY-
LAPYEMBEIM [IPOTIECCOM.
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