
Yickel ion eMux is the main mechanism 
of resistance in Escherichia coli V38 

J- D. Matulis Nickel resiqtant Eschenchlo coli V3R was isolated from city sewagc slud~e and could 
erow in the presence of 4 mM NiCl,. When 1 mM or 2 mM NiCl with mNi2+ was - 

vr i tu te  of Biochemistry, added to thd culture at the beginning uf logaritlunic phase, immediate uptake of 
:zborarory of Gene "N?+ which was followed by slow ?nd delayed efflux were observed; the level of 
3+neoing bolh uptake and delayed efflux were depcndent on the NSI, concentration used. 
L!okrlinin/cg 12, Thc efflux delay corresponded to the duration of growth prolonfled lag period (data 
:-!XI Klnius, Lithuania fro~n (61). When nllhlres of E. coli rrsistant V38 and sensitive JMlOl strains pregrnwn 

ovcrni&ht in the presencc of nontoxic NiC:I, were waqhed and suspended in O°C 
eftlux medium with the same nontoxic nickel concentration and b3Ni2+, accumulation 
of Ni2+ by cells of hot11 strains was ohserved. Wl~cn the cells were transferred to 
37" only resistant VIR cells effluxed the nickel ions; the amount of nickel in tllc 
sensitive cells did not change. Ni2+ active elflux needed enerRy supply, as Ihc efflux 
was observed in the presencc of glucose, and was weak when glucnse was exhausted 
or the cells wcrc dead. Applications to waste waters treatnient arc discussed. 
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NTRODUCTION 

The existence of various organisms in h c a y  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 phytochela- 
tins inside the cell 171, to cell wall stn~ctures [9] or 
to specially secrclcd glucoproteins [I]. 

Many microorganismq efflux metal ions, when the 
concentration inside the cell exceeds the physiolog- 
cal level. This process is cncrgy dependent and is 
determined by special proteins. For the first time 
this efflux mechanism was shown in Sfaphy1ococcu.s 
aurrus for cadmium [lo]. This type of resistance 
based on ion efflux was proved for Cd2+, (lo2', Zn" 
and Ni2+ in Alcnligenes mtrophus 141. Growth expcri- 
ments in the presence of NiC4showed the prolon- 
gation nf lag period both in Alcaligenrs eutrophus 
N9A [8] and in Eschericha coli V38 161. In E. coli 
prolongation of lag period was dependent on NiCL, 
concentration [6]. However, the prolongation of lag 
phasc or dehy of growth was not observed when the 
A. eutrophus N9A [8] or E. coli V38 [6] were 
pregrown in the presence of suhinhibitoly Ni2+ con- 
centrations. These results indicated that the resis- 
tance to nickel was inducible. 

Is it possiblc lo use this mechanism of bacterial 
resistance for treatmcnt of metal-polluted waste 
waters? 

In this paper the data are prescnted that the main 
resistance mechanism in E. coli V38 is Ni2' efflux; 
this process is active and needs energy supply. Dc- 
lay of both the efflux and growth (duration of lag 
period) are almost in direct dependence on the con- 
centration used. The possibilities to i~sc  this mecha- 
nkm in sohing the ecological prohlcms are discussed. 

MATERIAIS AND METHODS 

Bacterial strains: Escherichia roli V38 (a strain iso- 
lated Crom Vilnius city sewage sludge) resistant to 4 
mM Ni=+ [6]; E. roli JMlOl F' rraD.36 proAn laclq 
A/arZ)MlC lsupLI thi &(lac-pro AB) [ I l l ,  this strain 
was uscd as a Nil' semitive control. The strains wcrc 
grown at 37°C in mineral salt medium 161. To get an 
agar medium. 1.5%) of Bacto-Agar was added lo the 
mineral medium Nutrient 130th was used in con- 
trnl growth experiments. Optical density measure- 
ments were made with Perkin Elmer Spectropho-. 
tometer 550 at wave le,ngth 550 n m  

QNiCL, (Izotop, Russia) was used for uptake and 
efflux experiments. The overnight bacterial culturc 
grown with (induction) or without NiCI, 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 distilled water) 6.06 Tris- 
HCI, 7.6 NaCl and 1.6 glucose [Ill. At this moment 
NiCL, to a definite concentration and "Ni2+ to a trace 
concentration were added. To measure the amount 
of 61Ni2+ in the cells, 0.5 ml samples of the cell 
suspension were filtered (pore size of filters 0.4 pm, 
Synpor, Czech Republic) and then washed with buffer 
(5 mM Tris-IKI, 0.13 M NaC1, 2 mM EDTA). The 
dried filters were immersed in scintillation liquid, 
and radioactivity was measured (Counter SL30 
Intertechnique). The amount of nickel in the cells 
was calculated form the radioactivity of the cells, as 
part of QNi2+ 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 wac shown that the addition 
of NiC1, 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 thh pro- 
longed lag period in E. coli V38. Some morphologi- 
cal changes were described in E. roli B cells caused 
by Cd2+ 121. IIowever, it way not known what changes 
occured in NiZ+ uptake during lag period. 

To investigate the dynamics of Ni2+ 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 NiC!, with trace 63Ni2+ were added, and 
one aliquot was as a control. The samples were taken 
to measure optical density of the culture and radio- 
activity in the cells. In Fig. I data on radioactivity 
are plotted with the curves of optical density taken 
from [GI.  The 63Ni2+ uptake reached maximum in 
about 10 min, and both the level of uptake and the 
delay of efflux were dependent on Ni"+ wncentra- 
tion. A good wrrelation is clearly seen between 
efflux delay and duration of lag period; the follow- 
ing logarithmic growth renewed when efflux was al- 
most finished (Fig. l). 

To investigate the resistance mechanism in E. coli 
V38, the culture was grown overnight in a mineral- 
salt medium in the presence of nontoxic 0.4 p M  
NiCL,. The Xi" sensitive strain E. coli JM101 was 
also o w n  under the same conditions. The cells of 
both cultures were centrifuged and suspended in a 
P C  efflux medium The suspensions were kept in 
an iceharh and 0.4 pM NiCL, (with radioactive 03Ni2+) 
was added. After 30 min thc suspensions were trans- 
ferred ro 37OC (Fig. 2). At O°C the cells accumu- 
lated UNi'+, and after they had been transferred to 
3-;C, the level of radioactivity in the cells sharply 
decreased during almost 30 min. This cycle was re- 

Fig. 1. 'Co Eschc~chichin coli V38 growing culture at early lo&arithmic phase NiCI, and aNF+ were added (?). In the pres- 
ence of both concentralions 1 mM uptake (0)  and ~rowth (m) and 2 mM uptake (o) and ~rowth ( 0 )  were investigated. 
The uptake data were plutted on the data of growth from [6 ]  



Nickel ion efflux is the main mechanism of resistance in Eschenchia cnli V38 

o0c 37Oc o 0 c  37Oc In polluted environment or  under experimental 
::90 conditions where metal (Ni2+) concentration is toxic, 

metal ions could enter the cell using magnesium 
3 143 uptake system and could be effluxed by cation-pro- 

ton antiporter system [3, 51. Thesc processes are 

2 qm active and energy-dependent [lo]. 
Investigations of the uptake-efflux system in E. 

coli V38 dependence on energy source were carried 
?rm out. The resistant cells were grown overnight in 

? mineral medium in the prcsencc of 0.05 mM NiCl, 
3 

g om0 - expecting a complete glucose exhaustion during 
- growth. The cells were centrifuged and suspended in 

0.060 cold uptakeefflux medium containing 0.1 mM NiCI, 
and and kept in an icebath for 15 min. The 
cells were transferred to a 37°C waterhath, but be- 

0 ma fore this 0.1% glucose had been addcd to only one 
aliquot. As a control, an aliquot of the culture heated 

o om at 100°C for 3 min was used. The data are pre- 
sented in Fig. 3. An active uptake and the following 

0 .m efflux were seen in the cells of the aliquot to which 
o €0 120 'en glucose was added. A low uptake and slow efflux 

~imc mln were observed in the cclls of the aliquot to which 

2, uptake at and at 3 7 " ~  of 0.4 p~ N~CL, glucose was not added - the registered weak uptake- 
& mNi2+ by resistant strain E. coli V38 cells (.) or sen- efflux could he attributed to the use of residual 
s.-&e E coli MI01 cells (0). The temperature was cl~anged energy source in the cells. The control-heated cells 
-cry 30 min as indicated at top showed neither Ni accumulation nor a following 

efflux. The data allow a suggestion that thc nickel 

(in ~ i ~ .  2, the transfer to O ~ C  for 30 min and resistance in E. roli V38 is determined mainly by 

to 3 7 " ~  was repeated twice, and the the energy-dependent uptake-efflw mechanism. 

mulation at 0°C and the 
efflux at 37OC were ob- 
served). The cells of sensi- 
tive control culture E. coli 
Ml 01 accumulated 6jNi2+ 
in cold at the same level 
as did the resistant cells, 
hut after transfer at 37"C, 
the level of blNi2+ in the 
cells did not change at least 
for 1 h (Fig. 2). The data 
showed that the resistant 
E. coli V38 accumulated 
L'NiZ+ at 0°C and actively 
emuxed the ions at 37OC. 
Similar results were ob- 
served in experiments with 
A. tunophus resistance to 
CoZ+, Zn2+ and Cd2+. The 
cell? accumulated metal 
ions at 4°C and effluxed at 
37°C [51. I t  is possible to 
suggest that many micro- 
organisms have evolved 
the uptake-efflux resis- 
tance mechanism for biva- 
lent cations. 
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Fig. 3. Glucose effect on nickel ion uptake and efflux by resistant strain Eschenchia 
coli V38. The culturc overnight induce with 0.05 mM NiCI, was centrifuged, cells were 
suspended in 0°C nptake-efflux medium for 15 min in Lhe presence of 0.1 1nM NiCI, 
and "Ni2+. To one aliquot of suspension 0.1% glucose was addtd at the moment of 
transfer to 37°C: (t)(m); to the sewnd aliquot glucose was not added (a) and the cclls 
of the third aliquot were heatgd for 3 ~nin at 100°C: (A) 
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T h e  presented data  show the  possibilities of ap- 
plication i n  wastewaters treatment: t h e  management 
ol metal uptake-efflux by changing the temperature 

and energy supply indicates the  ways for further 
investigations. 
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Escherichia mli V38 YRA ATSPARI NIKEUUI 
D ~ L  JONIJ I S M ~ M O  
S a n t r a u k a  

Nikeliui atspari Escherichio coli V38 buvo Eskirla ii miesto 
nuotelq dutnhlo ir augo esant 4 ntM Ni('1,. Idejus 1 arba 
2mM NiCI, kartu su "N?+ i auganEi4 kuliiira logaritmines 
fazbh pradiioje, 63N1Z+ tuoj pal buvo paimamas i lqsteles ir 
po to 16tai ir uidelstai E~netanas; paimimo lypis ir 6.delstas 
Emetin~as priklause nuo naudotos NiCl, koncentracijos. 
Iimetimo uidelsunas atitiko pailgeji~3io lag periodo trukmq 
(duominys paunti iS 161). E, coli abiejy kalnienq - atsparaus 
V38 ir jautraus JMlOl - Iqsteles pauginus per nakti terpeje 
su nenuodinga NiCI, koncentracija ir suspendavus 0°C 
Emetimo terpeje su tokiu pariu Ni kirkiu pridejus b3Ni2+, 
buvo rastas N?+ kaupimasis abicjy kamienp Iqstelese. 
Perkblus lqsteles i 37°C'. tik atsparios lqstelb Smelt N?+, 
o jautriose jo kiekis nesikeite. Ni2+ aktyns iSmetimas reika- 
lauja energijos Saltiuio, nes i5metRlas buvo matornas tik 
csant eliukozei terpeje; silpnas i$metu~~as buvo Inatomas 
trrpeje be pliukozes ir jo visai nebuvo tiriant n e w a s  
Iqslrles. Aptariamos atspariy baktcrijy panaudojuno 13erSto 
vandens valymui ~alirnyhh. 

BbIGPOC 110HOB KAK OCHOBA 
PWMCTEHTHOCTM Esrhenihia d V38 K W I O  

Yc~oRwsb~B K m e m o  ~ T ~ M M  ficherichio coli V38 6hm 
BblnCneH 03 Elna rOpOnCKWX CTOYHLlX B O n  PI MOT paCTU 
npn Hamyna 4 MM xnopana m a e m .  llpn no6a~nemu 
K cpene c ~ y m ~ y p o B  E. culi V38 B Hasane n o r a p n a ~ n -  
s e c ~ o h  @a?bl I MM nmi 2 MM NaCI, COBMeCTHO c 63Ni2+ 
aonbl HnKenfl 6b1m cpaly me oawa?em memabin n 
nocne ?TOTO nocTenetlno n c 3anepmo8 ~bl6pomeml. 
C ~ e n e ~ b  3awsal.a n 3 a ; l e p ~ a  nbt6poca 3arruccJm or KOH- 
uewrparlnn xnopnna m e e m .  3anepma ebldpoca COOT- 
BeTcrwoBzm nponnemw nar-nepnona P O C T ~  (naHme 
~3m1 n3 161). llpn hymrnsnpoBamn B Tesemc 20 s 
ycroRsll~or0 UTaMMa V.?8 PI q).sCTBI%TClIbHOrO IUTahlMa 
JMlOl B cpene c n e ~ o ~ c n w o i l  Komemp'wulHeB xropnna 
tnfKe.w 13 npn cycneHnnposama npn O0C B cpene B~IG- 
poca c rmoB me KoHqenrpaqueB mKem (a ~ ~ ~ O ~ K I U B -  
HorO HIlKeJTX) HaKOlIJleHIie HAKOJlU 6blno OTMC'ICHO B 

1;TeTKau o6orix mTahlMoB. lTpn nepeHoce UCTOK n cpem 
C ~~Ml le~dryp08  37-C TOlIbKO YCTO~WBLIC KnCTKII Bh16- 
paChIBm3 BOW1 HUKem, B TO BpeMfl KRK B YYBCPRnTeIQ- 
H b l X  KUmqeCTBO HMKBilJl He H3MeHILnOCb. ,@Ul .1KTlTRFloTO 
Bb16poca HaKeJlU Tpe6yCTcn nCTOm%XK 3llepi"HH, TaK KaK 
R M ~ ~ O C  na6monancn TomKo npn HannqMn B cpene rmo- 
KO3bl. H e m ~ b ~ e  KJICTKH HnKem He ~1.16pa~hl~aJln. Ha 
OCHOBe ~ O J l y q C H H h l X  naHHhlX R CTaTLC I&iCKyTFipYeTCR 
Bo3MomTrocTh ncnomnoBama ycT08~Bblx 6aKTepnB npe 
OTUCTKe BOmI OT MeTaJJJlOB. 
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