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A nickel-resistant strain EsrhpChio coli V38 was isolated fro111 Vilnioa cily sew- 
age sludse. 'Thc strain could prow it1 thc liquid mineral medium in the presence 
of 4 IIIM NiCI,. Addition or I mM or 2 nlM NK:L at thc be~itluing of 11,~arith- 
mic phase stopped the prowth, and thc duration ofia8 perind was alnlost directly 
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A 

proporliunal to thc Ni" concentration used: tllc lap, period was f(11lowt.d by loga- 
2600 Vilnius, Lithuania rithmic growth. The reshtant strain V78 accumulatzd NTi less than tht. scnsitive 

strain .lMIUI: prcprnwn ovcmi~ht with nickcl V38 cells did nut accu~uulatr nickel 
ions. At OC (luring the Iirsl 10 ilun iuduced or not induccd resistant V38 and 
sensitive JMlOO cclls accumulate Ni" ahnost al lhe aarne rate. Thc da t ;~  allow 
to su&cest that  resisrance in V38 crlls develups after a definite lag pcriod, is 
connccrcd with loss of ability tn accu~nulatc Ni'+ and is inducible. 
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INTRODUCTION 

In the environment polluted with heavy metals therc 
can grow various microorgnnisms and higher organ- 
ism which have evolved various mechanisms of tol- 
erance. Plants, animals and numcrous lower eukary- 
otes bind metals inside the cclls with the help 01 
special polypeptides - metallothioneins and phyto- 
chelatins [9] or metals arc bound to cell wall slruc- 
tures 11. 2, 15. Ih]. Some othcr organisms secrcte 
special glucoprotcins to bind metals outside the cells 
[i]. Many microorganisms have evolved a very com- 
plex mechanism of resistanm: they actively efflux 
metal iom out of the cell (41. 

Nickel-resistant bacteria were found in soil near 
the nickel-accumulating trees: thc tree ammulared 
the metal in leaves which when fallin8 down polluted 
soil near the tree. Both the amount of resistant bac- 
teria and ?he level of resistanm were in dependence 
on the pollution ~ a d i e n t  m a r  the tree 191. 

Some peculiarities wcrc ohserved when bacterial 
cultures wcre grown in medium with metals. A pro- 
longed lag phase was ohscwed for Alcalieenes 
eutrophus in the presence of NiZ+ and Col* (71. A 
12-24 h long lag-phase was observed when ihr cells 
or A1caligent.s eutrophus N9A were grown in thc 
presence of 3 inM NiCl,. Pregrowth of the culture 
in the presence of subinhihitory concentration 
(0.5 mM) NiCI, enabled the culture lo g u w  at 3 mM 
NiC:I, without a lag-period 1131. Similar rcsults were 
obtained in the study of nickel resistance in the 

Burkhold~ria stain 32W-2 114J. These results showed 
that the resistance to nickel was inducible. TJnlortu- 
nately, there arc no data in these stlldies about 
morphological changes of the cells in the lag-phase. 

In this papcr some characteristics of Ni-resistant 
ficheiichia coli V38 isolated from city sewage sludge 
are described. This resistant strain showed a low level 
of Ni accumulation and prolongation ol lag period 
during the growth in thc presence of Ni(71,. The re- 
sistance was inducible. 

MATERIAL AND METHODS 

The following bacterial strains werC used in this 
study: 1) Escherichia coli V3R - this strain was iso- 
lated from Vilnius city sewage sludge by pregrowing 
in liquid medium in thc prcscncc of 4 mM or NiCJ 
and plating on Ni-mineral agar medium. Selected 
colonies wcrc lransfcrrcd into mincral liquid mc- 
dium with the same nickel concentration and plated 
again on Ni-mineral agar medium and were stored 
on Z mM Ni-agar medium. The selected strain was 
idcntiti'cd as E. coli and namcd as strain V3R. This 
strain showed the resistance to Ni2+ (4 mM). Co2* 
(1 mM). Znl+ (I mM) (this shldy). Thc growth cxpc- 
riments were carried out in the presence of 2 mM 
NiCI,. 2) E. coli JMlOl F' traD.36 proAB laclq 
A(I~C?)MIS IsupEI (hi A(1ac-proAB) 1171; this strain 
was used as a Ni" sensitive contrul. Both strains 
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were grown at 37OC in mineral salt medium contain- 
ing (in grams per litre of distilled water): l i i s  - 
5.06; NaCI - 4.68; KC1 - 1.49; NI1,CI - 1.07; 
Ua,SO, - 0.48; MgSO,  7H,O - 0.23; CaCI, - 0.03; 
Ya,HPO, - 0.01; pH 7.1-7.2. Microelements 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 Pcrkin Elmer 
Spectrophotometer 550 at wave lenght 550 nm. 

Sensitivity to nickel was estimated by growing 
E. coli strains in the presence of various NiC!, con- 
centrations in mineral salt medium on agar plates 
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 NiC1, concentrations. The 
results were evaluated after 3 days of incubation and 
exprcssed as the number of colony forming units 
per 1 ml suspension (Table 1). 

63NiCI, (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-efnux mcdium containing (in grams 
per litre of distilled water) Tris - 6.06; NaCl - 7.6; 
glucose - 1.6 [ I l l .  63Ni" uptake was determined by 
filtering 0.5 ml samples of bacterial suspension 
through 0.3-0.4 p m  Synpor filters (Czech Republic) 
and washing with NaCl (130 mM) - Tris (5 mM) - 
EDTA (2 mM) buffer. ?'he dried filters were im- 
mersed in scintillation liquid and radioaclivily was 
measured (Counter SWO Intertechnique). 
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- . ,  , > ~ ; e  1. Minimal inhibitory concentration of NiC12 for RESULTS AND DISCUSSION 
I roli strains JMlOl (sensitive) and V38 (resistant) (colo- 
n fnnning units) Determination of minimal inhibitory Ni2+ cr~nccn- 

concentration in sewage sludge was ahout 317 mgkg 
dw at the limc oI E. coli V38 isolation 131; this slud- 
ge could be attributed to the V catcgory of pollu- 
tion [S]. According to analogous data [9 ] ,  it is pos- 
sible to suggest the dependence o l  Ni resistance in 
isolated E. coli V38 on the level of sewage sludgc 
nickel pollution. 

Thc growth of E. coli V38 culturc in the NiL'- 
containing liquid mineral medium was characterized 
hy the presence of prolonged lag phasc, the duration 
11f which was dependent on nickel concentralion in 
the medium. Addition of Ni2+ during thc bcginning 
of logarithmic phase stopped thc growth, and the 
duration of this lag phase was in direct dcpcndcnce 
on Ni2+ conccntration used (Fig. I). 

A question could bc askcd: What happened to 
the cells during this %4 h prolonged lag period when 
they did not divide or  when the division period was 
stopped for 2 4  h by adding Ni7+? We have no 
morphological data about possible changes in E. coli 
V38. Deep morphological changes in E. coli fl e lk  - 
vacuolization and loss of colony-forming ability wcrc 
observed in the lag-phase caused by the presencc o l  
3x1W6 M C:d2+. After this lag-phase the cells re- 
stored thcir morpholugical structure,s and regained 
viability without chromosome repticatinn [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. l). 

In lhc mcdium with metal ions, bacteria accumu- 
late them hy immediate sorbtion on their surface 
and by a comparitively slow uptake into thc ccll. Of 
biological importance is the latter process, as thc 
adsorbed metal can he taken out by competitive ions 
or washed out by dclcrgcnt agents. The development 

:sncentration of Strains tration for two FL coli straim - resistant V38 and 

YiCl,, mM 

control 4.3 x 107 4.4 x 10' agar-mineral medium (for 3 days) in the presence 

0.05 1.2 x 10' of various NiCl, conwnlrations. The data are pre- 

0.1 8.0 x 10' sented in  able-I. E. coli JMlOl showcd a slower 

0.2 5.6 x 10' growth in the presence of 0.1 mM and pracli~illy no 

0.3 4.7 10' growth in the presence of 0.4 mM NiCI,. E. coli 

0.4 6.0 x 10' V38 showed decreased growth in the prescnce of 

0.5 no growtl~ 5 mM and practically no growth in the prescncc of 

1.0 4.5 lo7 6 mM NiCl,. All the following experiments were 
3.0 4.0 x 10' carried out the prcscnw of Ni2+ at a concentra- 

4.0 6 7  x loC tion not exceeding 4 mM to have the optimal growth 

5.0 2.3 x 10' ulnditions. This resistance of E. coli V38 is not very 

5.5 7.0 x 10' high in comparison with some slrains of Alraligmes 

6.0 2.7 x 10' resistant to 20-50 mM of NiCI, 110, 121 but it is 
6.5 no growth about tcn times higher than that of the laboratory 

strain JM101. It is important to note that nickcl 

sensitive JMlOl was carried out by growing the cells 
JMlOl V38 in both liquid (for 20 h, data are not shown) and 
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Fig. I .  Growth of Eschenchio roii V38 resistant strain in the absence (e) or in the presence of 1 mM (m) or 2 I ~ M  (A) 
NiCI,. The culture was grown in mineral medium, nickel was added at the early logarithmic growth (f) 

of resistance is connected with the decrease of the Two conditions could be important in the metal 
ability to accumulate metal ions 141. ion uptake experiments: the temperature and 

Time, min 
Fig 2. Nickel accumulation by the cells of Eschrnchia coli two strains: sensitive JMlOl at 0°C: (0) and at 37°C (m) and 
reristant V18 at O0C (A) and at 37°C: (A). 0.4 fiM NE12 and ON?' wcre added at the heginning of incubatioa in uptake- 
eftlux medium 
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e t h  of  the  cells, as the  development of resis- 
.: 5 supposed t o  be inducible [If]. The  over- 
-- n l t u r e s  of E. coli of both resistant V38 (in- 
2 & the presence of 0.1 mM NiCI, during ovcr- 
-. g o w t h )  and sensitive JMlOl  strains were 

-d and suspended in uptake-efflux medium in 
Tresence of 0.5 pM NiC4 and aNi2', non-toxic 

en t ra t ion  for strain JMIOI. T h e  amount of ac- 
r l a t e d  nickel was calculated according to the 
:activity of samples. T h e  incubation was at  37°C 
'C. The  data  are presented in Fig. 2. 

-x sensitive JMlOl  cells at  37°C accumulated 
- -$c highest level and more than at  0°C. V38 cells 

: accumulated almost a t  the same level as the 
ive JM101, and independently on  whether V38 
pen  induced o r  not. T h e  difference could be 
when the  uptake at  37°C is compared between 
:d and not induccd cells. Not induced cells dur- 
Ie first 20 min accumulated a definite amount 

. .'-, but during the  following incubation the 
~ ? u n t  of Ni"+ in the cells decreased (the data for 

7.: induced V38 in Fig. 2 are not shown). T h e  in- 
-.:.lrd cells showed practically no Ni2+ accumulation. 

\!any data concerning Ni resistance were obtained 
.r experiments with G r a m  negative bacterium 
ZiIrtonia eurropha CH34 (former name Alcaligmes 
-.w.uhr~s) [9 ] .  Isolation of E. coli V38 naturally 
-+%rant t o  NiL+ is rather new, and the  physiological 
:!:a were unknown. Three  main features of this 
?ni tant  strain V38 could be emphasized. First: the 
--rsence of lag period which was almost directly de- 
? d e n t  on  Ni2' concentration in the medium; it is 
7 u i b l e  to speculate that  during this lag period the 
::!hration of resistance takes place, as the follow- 
Z L  q o w t h  is l i e  the logarithmic growth of  control 
~ : r u r e .  Second: the  resistant induced V38 e U s  at  
:--(: showed no Ni2+ accumulation in comparison to 
wnsitive JMlOl cells; the  cells of both strains at 
c,: accumulate NiZ+ a t  the same level (Fig. 2). This 
=>_Mest an  active role of energy supply in the devel- 
-merit of resistance. Third: the  absence of accumu- 
.?:ion in induced cells allows t o  suggest that the 
5-velopment of resistance is inducible. 
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Escherichia coli, ISSKIRTOS IS MIESTO NUOTEKIJ 
DUMBU), ATSPARIIMAS NIKELlUl 

S a n t r a u k a  

Nikelio jonams atsparus Lssd~~nhio coli V38 kamienzts huv~l 
&kirta iS Vilniaus mioto nuotekq dumbla Si bakterija alga 

skystojc niincralinejc teqkje mint 4 mM Ni(:l,. Pridijns 1 mM 
arba 2 mM NIC:I, logaritmink f&s prd&ioje sustabdomas 
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auginas ir tokio stabdymo trukmb yra beveik tiesiogiai 
priklausoma nuo panaudotos Ni koncentracijos; po to vyksta 
logaritminis augimas. Atsparus kamienas V38 kaupia N?+ 
maiiau negu jautm E. mli JMlOl kamienas; paauginus per 
nakfi te+je su nikeliu V38 iptelb visi3tai nekaupia nikelio. 
Esant baktcrijoms 0°C aplinkoje pimqsias 10 min, V38 ir 
jautm JMlOl NFt kaupia vienodai. Duomenys lei& dalyti 
prielaidq, kad atsparurnas V38 lqlelese susidaro sustojus 
ivairios trukmes augimui; susidarius atsparumui, lastelbs 
nehupia N?+. hparumas nikeliui yra i$mgiamas. 

Yc~oYlw~b~il  K M O I ~ I ~ M  H M K ~  IUT~MM Escherichio coli V38 
Gbm Bbrnencrr a3 una movmx non r. Bnmmca.  K n m r  

3 ~ 0 a  ~ ~ K T C ~ N I I  POCJTU B XURKOfi MXHCpUlbHOfi CpenC 
npu u m w a  4 MM xnopuna H I I K ~ I L R .  Ilpu n o 6 m e m u  
K cpene 1 MM a m  2 MM xmpuna m m n n  B HaqaJIe 
norapn@~nsecKofi @ a m  oTMesaeTcn ?ancpx~a  pocTa 
KneXOK, npOnOrm?zTCJlbHOCTh K O T O ~ O ~  HaXoLTTTCn B npn- 
MOR 3aBACl%MOCTM OT KOHTtCIlTpaqNU HUKCnX. n0cnC 
w e p m n  norapu@~nsec~nR p o c ~  nponomeTcu. Yma- 
aosneuo, a n  YcToawRbln  ma^^ V38 HaKannusaeT mi- 
Keiur MeHhUlC, 9CM Y ~ c T B I ( T ~ , ~ ~ H ~ I ~ ~  LIITaMM m101.  npD 
BbIpaIIIUBaHFiX KJICTOK IUTaMMa V38 B TWeHHe 20 q B 

cpene C HklKeneM llaK0nXCHaR &%MIX HDKeJln He OTMC- 
sanocb. Rblparlln~aIrae ~ n e ~ o ~  npa no~a3an0, qTo 
yc~ofimnhrfi IUTaMM V38 a Y ~ ~ C T B U T C ~ ~ H L I ~ ~  JMlOl Ha- 
KFUlJlURaMT OLTTHaKOBOB KOJlHqeCTBO DOHOB HIIKOJXI. no -  
JryqeHHbre nanm~e n o ? ~ o m ~  npemonomTh. wo yc~on- 
sKBOCTb K HUKeJlW B KJlCTKZiX LWTaMMa V38 ~Llpa6a- 
TbrBaeTcu nocne nepuona um6nponarmn pocTa. YmoR- 
7XBOCl% KJICTOK IUTaMMa V38 K HIIKB,lIO UBEiCTCB I I W -  
uapyemrM nporIeccoM. 
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