Nickel ion efflux is the main mechanism
of resistance in Escherichia coli V38
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Nickd resistant Escherichia cdi VR was isolated from dity sewage sludge and could
egrow in the presence of 4 mM NiCl,. When 1 mM or 2 mM Ni(l, with “Ni#* was
added to thd culture a the beginning of logarithmic phase, immediate uptake o
N2+ which wes followed by dow and ddayed efflux were observed; the levd of
both uptake and delayed efflux were dependent on the NiCl, concentration used.
The efflux dday corresponded to the duration d growth prolonged lag period (data
from [6]). When cultures of F. coli resistant V338 and senditive IM101 strainspregrown
overnight in the presence df nontoxic NiCl, were washed and suspended in 0°C
efflux medium With the same nontoxic nickd concentration and “Ni**, accumulation
d Ni** by cdls of both drains wes ohsarved. When the cdls were transferred to
37°C only ressant VIR cells efluxed the nickd ions the amount of nickd in the
sengtive cells did not change Ni#* active elflux needed energy supply, as the efflux
was obsarved in the presence d glucose, and was week when glucose Was exhausted

or the cdls were dead. Applications to waste waters treatment arc discussed.
Key wards: nickel ion efflux, Fscherichia coli, nickd resstance

NTRODUCTION

The existence of various organisms in hcavy metal
polluted environment demonstrates the presence of
mechanism protecting the living systems from toxic
activity of metal ions. Various eukaryotic organisms
bind metal ions with metallothioneins of phvtochela-
tins inside the cell [7], to cell wall structures [9] or
to specialy secrcted glucoproteins [1].

Many microorganisms efflux metal ions, when the
concentration inside the cell exceeds the physiologi-
cal level. This process is encrgy dependent and is
determined by special proteins. For the first time
this efflux mechanism was shown in Staphylococcus
aureus for cadmium [10]. This type of resistance
based on ion efflux was proved for Cd?t, Co®**, Zn’"
and Ni%+in Alcaligenes eutrophus |4). Growth expeni-
ments in the presence of NiCl, showed the prolon-
gation nf lag period both in Alcaligenes eutrophus
N9A [8] and in Eschericha coli V38 [6]. In E. coli
prolongation of lag period was dependent on NiCl,
concentration [6]. However, the prolongation of lag
phasc or delay of growth was not observed when the
A. eutrophus N9A [8] or E. coli V38 [6] were
pregrown in the presence of subinhibitory Ni%+ con-
centrations. These results indicated that the resis
tance to nickel was inducible.

ISSN 0235-7224. Ekologija (Vilnius).1998. Nr. 1

Is it possiblec 1o use this mechanism of bacterial
resistance for treatment of metal-polluted waste
waters?

In this paper the data are presented that the main
resistance mechanism in E. coli V38 is Ni*' efflux;
this process is active and needs energy supply. De-
lay of both the efflux and growth (duration of lag
period) are aimost in direct dependence on the con-
centration used. The possibilities to use this mecha-
nism in solving the ecological prohlcms are discussed.

MATERIALS AND METHODS

Bacterial strains: Escherichia roli V38 (a strain iso-
lated from Vilnius city sewage sludge) resistant to 4
mM Ni** [6); E. coli IMIOI F’ tral)36 proAR lacly
AacZ)M15 [ supE] thi & (lac-proAB} {11], this strain
was used as a Ni’' sensitive control. The strains werc
grown at 37°C in mineral salt medium |6]. To get an
agar medium. 1.5% of Bacto-Agar was added | o the
mineral medium Nutrient Broth was used in con-
trol growth experiments. Optical density measure-
ments were made with Perkin Elmer Spectropho-.
tometer 550 at wave length 550 nm

“NiCl, (Izotop, Russia) was used for uptake and
efflux experiments. The overnight bacterial culture
grown with (induction) or without NiCl, was har-
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vested by centrifugation, and the cells were suspended
for 20-30 min in cold (0°C) efflux medium contain-
ing (in grams per litre of ditilled water) 6.06 Tris-
HCI, 7.6 NaCl and 1.6 glucose [11]. At this moment
NiCl, to a definite concentration and **Ni?+to a trace
concentration were added. To measure the amount
o ®Ni** in the cells, 05 ml samples of the cdll
suspension were filtered (pore size of filters 0.4 pm,
Synpor, Czech Republic) and then washed with buffer
(5 mM Trs-HC), 0.13 M NaCl, 2 mM EDTA). The
dried filters were immersed in scintillation liquid,
and radioactivity was measured (Counter SI1.30
Intertechnique). The amount of nickel in the cells
was calculated form the radioactivity of the cells, as
part of ®Ni*" in NiCL, solution was known and ex-
pressed as pM Ni per mg dry weight of bacteria

RESULTS AND DISCUSSION

In previous paper [6] it was shown that the addition
o NiCl, to the culture of E. coli V3 stopped the
growth and this lag period was dependent on the
concentration used. We have no data about the pro-
cesses which occured in the cells during this pro-
longed lag period in E. coli V38. Some morphologi-
cal changes were described in E. «¢oli B cdls caused
by Cd?* |2]. However, it was not known what changes
occured in Ni?* uptake during lag period.
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To investigate the dynamics of Ni%+ uptake, E
coli V38 cells were grown in mineral medium, and
at the beginning of logarithmic phase the culture
was divided into three aliquots, to which 1| mM and
2 mM of NiClL, with trace “Ni** were added, and
one aiquot was as a control. The sampleswere taken
to measure optical density of the culture and radio-
activity in the cdls. In Fig. | data on radioactivity
are plotted with the curves of optical density taken
from [6]. The ®Ni** uptake reached maximum in
about 10 min, and both the leve of uptake and the
delay of efflux were dependent on Ni** concentra-
tion. A good correlation is clearly seen between
efflux delay and duration of lag period; the follow-
ing logarithmic growth renewed when efflux was a-
most finished (Fig. I).

To investigate the resistance mechanism in E. cali
V38, the culture was grown overnight in a mineral-
sat medium in the presence of nontoxic 0.4 uM
NiCL,. The Ni** sensitive strain E. coli IM101 was
also o w n under the same conditions. The cdlls of
both cultures were centrifuged and suspended in a
rC efflux medium The suspensions were kept in
an icebath and 0.4 kM NiCL, (with radioactive *Ni**)
was added. After 30 min the suspensionswere trans-
ferred ro 37°C (Fig. 2). At 0°C the cdls accumu-
lated =Ni’*, and after they had been transferred to
37°C, the leve of radioactivity in the cels sharply
decreased during amost 30 min. This cycle was re-
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Fg 1. To Escherichia cdi V38 growing culture at early logarithmic phase NiCl, and “Ni#* were added (1). In the pres-
ence of both conceartrdions 1 mM uptake (D) and growth (») and 2 mM uptei<e( 0) ad growth () were invesigated.

The upteke data were plotted on the data of growth from (6]
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fig. 2. Uptake at 0°C and €fflux at 37°C of 0.4 uM NiCl,
& =Nt by resstant strain £ coli V38 cells §  or ST
seive E. coli IM101 cdls (o). The temperature weas changed
every 30 min as indicated &t top

peated (in Fig. 2, the transfer to 0°C for 30 min and

return to 37°C was repeated twice, and the accu-
rlation at 0°C and the
efflux at 37°C were ob-

In polluted environment or under experimental
conditions where metal (Ni%+) concentration is toxic,
metal ions could enter the cell using magnesium
uptake system and could be effluxed by cation-pro-
ton antiporter system [3, 5]. Thes¢ processes are
active and energy-dependent [10].

Investigations of the uptake-efflux system in E
coli V38 dependence on energy source were carried
out. The resistant cells were grown overnight in
mineral medium in the presence of 0.05 mM NiCl,
expecting a complete glucose exhaustion during
growth. The cells were centrifuged and suspended in
cold uptakeefflux medium containing 0.1 mM NiCl,
and ®Ni** and kept in an icebath for 15 min. The
cells were transferred to a 37°C waterhath, but be-
fore this 0.1% glucose had been added to only one
aliquot. As acontrol, an aliquot of the culture heated
at 100°C for 3 min was used. The data are pre-
sented in Fig. 3. An active uptake and the following
efflux were seen in the cells of the aliquot to which
glucose was added. A low uptake and slow efflux
were observed in the cells of the aliquot to which
glucose was not added — theregistered weak uptake-
efflux could he attributed to the use of residual
energy source in the cells. The control-heated cells
showed neither Ni accumuiation nor a following
efflux. The data allow a suggestion that the nickel
resistance in E. roli V38 is determined mainly by
the energy-dependent uptake-efflux mechanism.
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served). The cells of sensi-
tive control culture E. coli
MI101 accumulated #Ni*!
in cold at the same leve 2-
& did the resistant cells,
hut after transfer at 37°C,
the level of ®Ni’* in the
cells did not change at |east
fori h (Fig. 2). The data
showed that the resistant
E. coli V38 accumulated
=Ni** at 0°C and actively
effluxed the ions at 37°C.
Similar results were ob-
served in experiments with
A. ewtrophus resistance to
Co?t, Zn** and Cd?+.The
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37°CC [5]. It is possible to
suggest that many micro-
organisms have evolved
the uptake-efflux resis-
tance mechanism for biva-
lent cations.

Hg. 3. Glucose effect on nickd ion uptake and effluxby resstant strain Escherichia
coli V38. The culture overnight induce with 0.05 mM NiCl, wes centrifuged, cells were
suspended in 0°C uptake-efflux medium for 15 min in the presence d 01 mM NiCl,
and =Ni**. To one aliquot of suspension 0.1% glucose wes addid at the moment of
transfer to 37°C (T)(m); to the sewnd diquot glucose was not added (o) and the cells
d the third diquot were heaigd for 3 min a 100°C (A)
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The presented data show the possibilities of ap-
plication in wastewaters treatment: the management
of metal uptake-efflux by changing the temperature
and energy supply indicates the ways for further
investigations.
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Escherichia coli V38 YRA ATSPARI NYKELIUI
DEL JONY ISMETIMO

Santrauka

Nikeliui atspari Escherichia coli V38 buvo iSskirta ii miesto
nuoteky dumblo ir augo esant 4 mM NiCl. [déjus 1 arba
2mM NiCl, kartu su ®N#* | augandia kull@ira logaritmines
fazés pradiioje, “Ni** tuoj pal buvo paimamas | lasteles ir
po to létai ir uZdelstai i¥metamas; paémimo lygis ir uZdelstas
¥metimas priklausé nuo naudotos NiCl, koncentracijos.
Iimetimo uZdelsimas atitiko pailgéjusio lag periode trukmg
(duoménys paimti i§ [6]). E. coli abigly kamieny — atsparaus
V38ir jautraus IM101 — lasteles pauvginus per naktj terpeje
su nenuedinga NICL, koncentracija ir suspendavas 0°C
imetimo terpeje su tokiu padiu Ni kickiv pridgus “Ni**,
buvo rastas Ni#* kaupimasis abiejy kamienp lastelése.
Perkblus Igsteles | 37°C, tik atsparios lastelés Smeté NP*,
0 jautriose jo kiekis nesikeité. Ni?+aktyvus iSmetimas reika-
lauja energijos 3altinio, nes imetimas buvo matomas tik
csanl gliukozei terpeje; silpnas idmetimas buvo matomas
terpeje be glinkozés ir jo visa nebuvo tiriant negyvas
Igsteles. Aptariamos atspariy baktcrijy panaudojimo uiterito
vandens valymui galimybés.

M. Pybmgac, Jl. Marymc

BbIEPOC MOHOB KAK OCHOBA
PEIUCTEHTHOCTU FEscherichia coli V38 K HUKEJIO

Pezwme

Verouuseld K HHKEMO wiramm Fscherichia coli V38 6hm
BBIIEJIEH H3 KA TOPOJCKHX CTOYHBIX BOJl M MOT PacTH
npn Hamiuuma 4 MM xnopupa mmkena. Ilpum noGarnermm
K cpene ¢ kyvutypoit F. ecoli V38 B Hauane sorapadmu-
ueckoll daser 1 MM mmr 2 MM NaCl, copmecrro ¢ ®Ni?*
HOHEL HUKEAA OBIIH cpa’y Ne 3axBateHbl KIETKaMH I
nocne SToro TOCTENEHIIo B C 3a[ePXK0il BHGpPOMEHE.
Crenenb 3axBata N 3allepkka BeLBpoca 3aBUCEM OF KOH-
HeHTpaliiH XTOPHIA HUKeNdd. 3agepxkka BuGpoca cooT-
BETCTBOBAIA [POANEHHIO Jar-MepHola pocTa {JAHHBIS
Biatel W3 [6]). IIpE xymeTHBHpOBaHMH B TedeHme 20 4
yCTOHYHBOIO tiTaMMa V38 M UYBCTBUTEJILHOIO MITAMMA
JM101 B cpene C HETOKCHYHON KOHIEHTpALMEH XIOpHaa
HHKE/WL B NPN cycneHOHpoBaHuy npn 0°C 5 cpene Bbi6G-
poca C Takefl ke KOHLeHTpauuell HUKeIs (M paJuoakTHB-
HOTO HHKE/f) HaKoMJIeHHe HAKEIA OBLIO OTMEHEHO B
xeTkax ofoux mraMMoB. IIpn mepeHoce KICTOK © cpey
¢ temueparypoit 37°C TOMBKO YCTOMYMBLIC KIICTKH BHIG-
PACKIBATH MOHBI HUKE/S, B TO BPEMA KAK B UYBCTRHTE/Ib-
HBIX KOJMYECTBO HHKE/SI HE M3MEHSIOCh. /1A akTHRHOTO
BoIGpoca HEKEMA TpeOyeTes WCTOUIMK SHEPTHH, TAK K4K
BpIOpoc Hab/mOAAICA TONBKO HOPM HAIMYMH B CPENe Tmo-
Ko3pl. Hexupele xietkn Hukens He sriGpacnipaym. Ha
OCHOBE IOMNYYCHHBIX JIAHHBIX R CTaThe JTHCKYTHPVETCH
BO3MOXIIOCTh MCITOML30BAHUSA YCTOMTHEBLIX DakTepuil npe
OYHCTKE BOMBL OT METAIOB,
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