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Enterobacter nickelidurans sp. nov., a novel nickel tolerant
enterobacteria isolated from Torsa river water of India
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Albstract

A Gram-negative, rod-shaped, nickel-resistant bacterium, designated as strain MiVas 147, was isolated
from waters of Torss River in Hasimara, West Bengal, India. The strain NiVas| 14" possessing inducible
nickel resistance can tolerate maximally 10mM nickel chloride. Southern blot assays of genomic DNA of
Mivas 1147 using probers) generated from known mickel resistance determinants (o’ soe’ aeed moed air),
under conditions of low siringency, produced no detectable signal except for card gene of Raistania
meralfidurans CHM (farmerly Alcaliyenes giropha CH34) in which weak hybridization signal coousred.
Based on 168 fRNA pene sequence similarity, strain Mivas 114" was identified as 2 member of -
Prafenbacterio, and the mearest phylogenetic relatives are Emerobacier hormaechel (98,6-58.5%) and
Ewterobacter cloacae (97,5-98.2 %). In the phylogenetic frees construcied with nuclentide sequence of 165
rRMA gene, bepbl gene and rpoll gene, strain NiVas 1147 clustered with the subspecies of Enterobacier
harmaschel. The strain showed DNA-DMNA relsiedness of 6 -63% with Enerobocier Aormaeched subsp.
hormavchel, Erterohacter hormaecher subsp. okarae, Edrerphacter hormoeechel subsp, steigersaldll,
Enterobacter cloacae subsp. eloacoe and Enerobacter clpacae subsp. dissohvens. The isolate NiVas 1147
differed from the nearest phylogenetic relatives in terms of number of phenolypic characteristics. The G+C
content of tee genomic DMA of the isolaiz was 59,5 £0.4 mol %. The predominant celiular farty acids of
the isolate are Cies summed feature 3 (comprisgs Cipane 13 ue 2o} 808 © g 00 hydroxy Gty acids ane
foune in minor quantitles. Thus, on the basis of biochemical churncteristics, falty acid profiles, DNA-DIMNA
relatedness and phylogenetic analysis, the olate was recognized as & novel species of Enterabacier. fos
which the name Enferobacier miekellidwans sp. nov. is proposed with the rype strabn MiVas 1147 (= LM

23000" = CCUGS0594T = JCM 130457,
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mickellidiran:

Mickel is an essentizl microelement required for the
prowth of bacteria. [ is used as co-faclor for several
bacierial enrymes such ws wrease, CO-dehydrogenase
and hydrogenase {Hausinger, 1987), However, ot higher
concerration nickel is foxic and detrimental us bacterial
growth. Some bacteria by virue of possessing specific
efflux  system  are able 0 reduce  intracellubar
concentration of nickel fons thud osur-compeding othera
to flourish i a nickel polluled envircnment. The
diversity of nickel resisisnce genetic systemis) In
bacicrin has been eaplored o some detpil. Two similar
genetic loch responsible for picked resistance, ror and air
Jogi, have been reported [rom dwo members of
Emerphacieriacear, located in the plaamid pCGAES] of
Hugfia wheed 5-5 and chromosome of Klebsiella axptora
COUG |5T8E respectively (Park e all, 2003, Swppel
and Schicgel, 1995; Swppel er af, 1995}, Beside these
fwa, theee other genetic bl conferring nickel resislance,
crr, mee, and see, have been chasselerims] Fasm o ofler
bacierin, Alcarigenes cinrapde CHI (currently known

*Crerespormading cwifor
I -mmil; renbe@HId @y hoo com

2 Ralstonis  eedaliiderans CH34)  Afealigenes
splosoxidans I1A {curremly known as dchromohocier
Bloroxidans 3IA), and dckromabacier awlosaciiae
I1A r::.pl:L"li'vL‘l:r [Em; et al, Ml L|-r_1|:5|.u15 ei al,
1993; Schenideead Schieged, 19%4),

The stragn, NiVas | 14" was isolated from Torsa River of
Hasimar of the stale of ‘West Bengal, India, on nutrien
pgar supplemented whb nickel The maximum tolessble
comentration (MTCh of nickel showed by the solare 13
1 mM, Southern hybridization was wsed o detect
homologous sequence, 1 any, of the known nickel
reslstance geneds) in genmanic DNA from Nivas 1147
The indlocible nture of ndckel resistance in Nivas 1147
was studdied by comparing prowth curvels) of cells pre-
exposed 10 low metal jon concentrution (inducible
concentration)  with  cells  wnexpoded to inducible
conceniration of mealis), in liquid media comnining
higher concentration of nicksl {Grass et al, 2001:
Licsegang ¢l ol.. 1993; Pack ct al., 2003; Schmidi ond
Schlepel, 19%4)

Delalled polyphosic xonomic stwly was deng 10
determing the systemalic posilion of the strain, Almoest
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Tahbe 1. List of primets used for PCR ampliBeation of nickel resistance genelic hcus

Hi.MNe Mnme af Sequence Fuaitive conirol Amplicon size
hs priners l'llpﬁ.‘ﬂd Ty & we ol |
I it 1 ¥ GCTGICTCIGTCACGTCTG & Klebriplln oxwaca CCUG [5TER FCel b
mir I Y CTOOCTOTOC TATTOGGET 3 (frzm h-l::;::;lldm
2 hbr 1 B TTCOATOGTGACCGOOGOT 3 Aalvomio metaiicurans CHIA & i bp
hbrc 2 ' GCAATOGOCATOGGC ACT 1 Achrommbacier rplamridis 11A {[rem h’:ﬁ:’:;"‘i"‘ t
3 fae | FOUGCTACGATCACATOCTOTY  dchromodacter myiosoxiakves 31A 200 bp
{lieim auer bocus only)

compiete 165 rRNA gene of the isolse wos amplified
and sequenced, and the sequence showed 97.5.90.6%
similarities with the subspecies of Enferobocter
hormagche!, and Enterobacter clogcae, The
Phylogenetic analyshh wing rpofl and hepf pene
sequence(s) further idensified Enrerohocter barmaeche!
subsp, hormaechel, Enterobacter hormaechsl subsp.
aharge, Esterobacier hormaechei subsp, steigerwalrii,
Erigrohacter clogcae subsp. clvacoe and Emierobacier
cloacae subsp. dissolvens as the nearest phylogenetic
relatives of the isolate. Becase of DNA-DMNA
relaiedness and differences in phenotypic charscteristics
with ity nearest phylopenctic relatives, the strain
MiVasi 14" i3 designated a5 & novel member of
Enterabacteriaceae, for which the name Emrerabacter
rickefidreng 8p. nov. i proposed,

Slaterial and methods

Reggenis and Chemicals

Die-ionized double distilled water and analytical prades
of metal sakts (MICL - &H0; Colly - GH,Ck Fnfi,
OHD, CuS0y - THLO; CACl - 2HYO and CHO00PS
ZHAD) were wsed o prepare 1M or IU1M stock solutions,
which were filier-sterilized using filler paper (pore sloe
0. 2um marketed by Sartorius Led, Bangalbore, India}
before use. The nuirient broth (NB) (containing g [
peprone, 10.0; Beef extract, 10.0; MaCl, 5.0; pH 6.8) and
nutriens agar (MA) media used in the experiments wene
purchasied  from HIMEDIA Chemicals, Indin. For
isolation and grewth experiments. required amount of
metal sali solution was added singly to scerile medium
before inoculation.

Sampiing ond islation

Water samples were collected from sampling  site
Hasimara of Dastrict Jalpaigur, state- West Bengal,
India, in Jonuary 2002. About 100 ml water samples
were colbected in sterile glass bottles following standaerd
sampling  technique  stnied in *Stamdord
Methods" {APHA, 1983), Senial dilwions of each water
sample were made with sterile distilled warer, which
served as the diluenis of known volume. Total cultirable
copiotrephic bacterial populations and thedr fraction(s)
resistant o nickel were enumerated on NA plaes
containing Imb MiCly, afier incubation at 36°C for 18-
20} howrs, The hacterind colonies appeared were purified
on the ImbM NPT plares, and tbe moximom wolergble
concentration (MTC) towards Ni*' was detecied by
streaking the purified isolates an NA plates containing 3
12 mM Ni* comtaining plates followed by incubation at
I6°C lor 48k,

Cironwthy i ligadd medin fo wederstand the nducible
rature of micke! resistance denerminant

The inducible nature of nickel resistancs in the Gola
wad studied by comparing growth curve(s) of induced
(cells pre-exposed overnight o 100pM med jon
containing media) and uninduced (cells Eexposed w
inducible concentration of metal) cells in nutrient broth
(MB) containing ImM Mi** following methods described
by carlier authors (Mergeay o al, 198%; Park er af.,
2003; Stoppel and Schlegel, 1995 Tibasarwa e af,
2000 Bateh cullures were grown in WB st 36°C and 1.0
m of such culture was centrifuged and washed in sterile
distslled waber containing 0.5% (w'v] MaCl The washed
cells were Eneubated overmight in 0.5 ml “basal
medium’ [(MH50, 0.2%, MgS0, 0.058%, KHPMO,
0.05%, KCI 0u00%: wiv] conlaining 1% glucose (wiv)
and .1% NB (vwv), cither in presence or in absence of
added 100pM NI™' /Co™! Zn™ ionds), Culture incubated,
in the presence of 100uM MNEE* A" Zn™ was
corsidered a8 “induced pre-cubure” and, in absence of
any added metal ion was comsdered & ‘un-induced pre-
cubture’. Adiquats of 0.1 ml of bath nduced and ane
induced pre-guliures wene then ly inccubated
imo 10 ml autrient broth media (in a 100 ml conical
flask) containing the Ni*™ concertration of 3mM. Flasks
wire incubated at 36°C with shaking (130 rpm). Opeical
densities of the cultures were determined every lwg
hours using 2 specirophotometer (SIMADIL, Japan) ai
360 . NB culiure of one nicke] sengitive (sensitive =
growlh sipnificantly affecied ot 0.5mM mel oo
concentration) isolate, Acinelchocter sp. BRIC, was
used a5 inocule in NB contsining nicke! and incubated
sade-bry-side with the test flasks to serve as the negstive
control. Standard growth curve of NiVas! 147 in NR at
35 was also determined to compare with growth of
the isolabe In presence of nickel,

Irofetion af fonal perowic DA

The total genomic DNA of the isolate was exiracted, for
southern hybridization, PCR-amplification, DNA-DNA
hybridization and hese composition analysis, by (he
method described by Ezaki er of, (1989} with minor
modifications.  Lysozyme was nol added for lysis,
inatead the same was achieved by frecze-thaw tresment
fallowed by addition of 1.0 ml of 20% [w/v} SDS
solstion and 0.02% [wiv) proleicase K. DA was
precipitated with ethanol and suspended in DNase fres
witker, The DMA was quantified by recording absorpiion
gl 260rm in a UV-vis Spectropholomeler {(Shimadiu,
lapan}.
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henodypi i robacier nichellidurans Nives 114" sp. nov. { :
bl o ﬂm&lmﬂ] ziwmw hormaechei subsp, sieigerwaltil CIP 10B489" (EHST),

A i
CIPIOR490" | EHOH), Enterobacier claacas subsp. clogcae MTCC SO0

subisp. hormacchei CCUG 271267 (
Enterobacier hormaechel subip, oharae

(ECCL), Emerabactor cloacae 3ibsp. disradveris JOM 60497
All sirains are negative in Indole production, lysine decarbenylase,
Voges-Prosknuer, f-galactosidase, argining dihydrolyse, armithing
duced ucid from Deghucose, D-galactose, lactose, L-rhamnose, glyc
ghicose, D-fructose, eis-aconitate, D-ribose, [-cellobiose, L-arabinose, sucrase. D-gal
[-glucosamine. [-mannitol, glycerol, fumarate, _
L-threanine arsd L-trvpiophan as sole souree of carbone; but erythritol,

D glucomate L-tarirate, caprate, caprylaie, L-aspartic acid and L-nsparagne were nat ithlized

Dexylose, maltose, Dhsaccharale,
phenylacetase, T-abanine, L-leucing,

|7

EMIY, Enterotacier hormapohed

(ECDH) and Enierobacter kobei JOM BS807 {EKO,

H,% production and gelatinase, bt poskiive in
decarboxylase and Simmen's citrsie best. Prir-
erol and a-methyl-D-glecaside.  Utilized D-
acbose, D-mannose, irehalode,

D-galacturonale, succinate,
S-keta-
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Preparation of car, nee, mir, mer and nee specific probes

Probels) for Southern hyhridizsthon was prepared from
00- 1000 bp nmplicon generated nsing cnr, acc, fe for
and mre specific primers, The primers wed in POR
amplification and their respective positive controls are
listed i table 1. Amplifications were performed in S0u
reacticn  volumes, wsing C‘PCR  amplification
kil" (GENEI, Bangabore, India), for 30 cycles wsing Tag
DMA polvmerass (OEMEL Bangalore, India) ina Ampli
Kit thermal cycler (Applied Biosystems). After initial
deraturation ar 99°C for 2 min, each cycle consisted of,
denarurntion (95°C, 30 sec), annealing (53°C, 30 sec)
and extension (72°C, 60 sec), To rule cut primer dimer
from the pctual amplicons), all reaction sets included 2
negative contral where the targel DNA was replaced by
steribe water. The PCR products were purified wing
Qiaien gel extraction kit {QinGen, Germany) and 0.6
ug of purified PCR product were labelled with DIG-
labeling and detection kit (Roche, Germany) lallowing
munufnciurers [nstrsctions,

Resiricrian digestion af the geronic DNA and Southern
Mebridization

The genomic DNA preparation of isolaie Nivas 1147
was diluted (50ng’ pl) and 1o the BT pl of dilsed DNA
gl of 10X buffer sedution and 3 pl (20,000 Liml) of
Eeo BRI restmction enzyme (GEME], Bangelore, India)
was added ard mived by vartexing. The mix was kept
for 24 h ot 36°C, and then extracted using phenol-
chioraform (11} and chloraformeisoamy] aleohol (24:1)
and finally centrifuged at 12000 rpm for 200 min &t 470
affer pddition of 2.5 wolume of dehydrated ethanol. The
resuliant peli= was washed twice by T0% ethanod, dried
im vacuum omd swmpended in sternle distilbed water, The
probe DNA {25 n,q,; and Eco R restricted genomic
DA of Mivas 114" (~1.0 pg) and positive control
[plemmid DMA bearing nickel resistant determinant
(=05 pgi were clectrophoresed in en agaross gel
(0. 8%} without ethidium bromide and iransferred 1o the
positively charged nylon membrane (BioDyne) by
capillary transfer method, after depurinmion and
denaturation. as described in Sumbrook ef ai (1989),
Hybridization was carried out & low stringency (48°C)
for 15-18 b (Sembrook er o, [198%) and posl
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Table 3. Key tests for phenatypic differentistion of Earerobacrer mekeilidurans Mivas 147 sp.nov. and its nearest phylogenetic relatives. Data other than ENT are from Hoff-

mana ot @l (2005
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Figure 1. Induction of nicksl resistance In Mivast 14" in
nutrient brodh comaining ImM NiCl, o, Growth curve
of un-induced cells; &, prowth curve of 100 M Co™
induced celis: m. growth curve of cells induced by 100
UM Ni”" snd, # growth curve of cells indwced by 100
pM Zn™; o, prowth curve of the nickel sensitive strain
Aceimerabacter sp, BBIC. *. Actual DDy muitiplied by
1000 has been converted 1o bog value,

bybridization wash was done af 48°C with 0.5X S5C
buffer. Immunological detection of the hybridization
signal with amiDiG-antibody was  done fallenwing
manufacturers instructions provided with the kit

Cell marphology and motility were examined by phase-
comtrast macroscope (Olympus, model MO21) oF 1000
with the cells grown st 36°C for 16h, Gram stabning was
performed fullowing the method of Gerhardt &1 of
(1994) and colony marphology was studied by using a
slerecmicroscope (Olympus model S211). Mutrien agar
medium was used for mainoining Nivas 1147 and for
dewermination of growth at various temperatures (3, B,
22, I8, 36, 40 and 20°C), a8 different pH (4, &, 7, 8, %
10, and 11} and In the presence of varipus
concentratsons of NaCl (3%, ™%, 10%, 12% and 15%)
(Shivajl ef of, 2008} Indole, methyl red, Vopes.
Prousker, nitrate recuction, phenylakanine deamination
and acid production  bests were  conducled using
Enterobacteriaceae  identification  kin (HIMEDIA
Mumbal. India). Other physiological tests were done
following standard prosocols stated earlier {Bhadra e
al., 2005; Bhadra ef af, 2006) a1 36°C and resulis were
recorded after 7 days. Enterobacrer hormaeche Subsp
hormaeche! CCUG 21267, Emerabacier hormaesho;
subsp. oharoe CIP 108497, Ewmerobacsar Mormopche
subsp. sicigerwaltii CIP 1084897, Enterapacrer cinacie
wbsp. cloacar MTOC 309" Emerobacrer clogeae
subnip. dissoleens JCM 60497 snd Enterobacier kobei
FCM E5E0° were used as reference straing for the Study
I'he biochemical charncberistics of e jsplate m:u
confirmed by MTCC, Chandigarh, Indin.

Lnlimation af G+ conient

(EHHO), Earerrdsasier horsrein sulsp, areiperealng CIP AiEEE (EHETYL, Enferodbocter claosces subsp clnacar MTOD ST (BEOCL ), Emserabucior cloasar subsp disraivens IO
o D=0 v, 20-80%; + °, B0=90%; +, Bl=100%,

..
Abbreviaions: Enrerebacier mckeilisheons Mivas 1147 sp.nov. (EMIL Emerahosier formeeche subsp oferas 'EJI?'I-I]HEII]J: EHOHY, Enterabacier lormaecher subsp.
it Enfrerebvecter koder JOM ESRDT (EX.O)

loculbation was dooe al 346°C. pymbols: - 0100, -

EC
EKO
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gy — Erferobacier canceragenug LMG 7880 | /5a078]
L Enternhocier asturise JOM&051' (ABDCAT 44)
L} Enferobacter ammipeaus JOM 1T {AB0D4T4E)
s T— Enfesnbacier Amipassrass LMG 10243 (D67

ul
il
L‘  Enterohacter kobei CIP 105588 (AJS0E301)
L]
4R

Epmarobacter lndwigd ER115 ' 1AJ853881)
Entsrnbachsr chdcas Bubep. siascas ATOC 130477 (AIZE0488)
Wi L Enfarchacier choace subsp disaolans LAWG 2303 (256070
Enterobacter nickeiidurans Nivas 114" (AJBS4063)
| Enterctactsr foemascie! subap, charae EN-338" [AJSEREE)
WL Crirobacier hormaechs subsn saawany EXN-562" (AB83850)

— Enlembacior pergovae JSMI1ZM (ARG TAH)
Ll  Eniwrobacier pyrinus KETE 2020° (AM10488) A
. Enterotactar conami CF 107300 {AJSC0303)
'TL[ Enderodacter radicincdany DS23' [(AYSE3134}
anl_

Enbgrmbachar sakazais JCM 1233 (AB00ETaf]
Plsiomonas sihpoigoes ATCC fa028 (X706

[} Enforotacier harmasche! subsp. obanes EM-TH [A543857)
Enferctaciey homasche subsp. afaigermaly EWN-30 (&J54388 1}
Entavrhiacfae Bormaiehe) subig, hoomascte ATCCAS102" [(AIS417 20

Emerobacter mokpldurars Nivas 114" (AMOTEE93)

——— Enfgrobacter kobe! ATCE BAAZSD (AME0B4T)

| i
11l I__Emmmp. oot ATCCIANTE (AISLITIE)

e B Enferohacier cloacas subap. cioaca= ATCC 13047 [AIS43726)
& Earcéaniar narmadus ATCC 1311 n | AJSHE R

wel 1 Earchactor ssiuriae ATCCAREE (AB43TIT)

Entarmbac far Aud e EN-21%8" (AJSEETH]
L — EMrobacner cancerogemes ATCT 31241 |AJS083EY)
‘ Entsmbactr amngenus ATCE 1072 (AJ568542)

ﬁ'l_ - Erwrebacior AMEeSRas ATCC 8612 [AJDGEEL)

Enforobacior pepowse ATCG 020" (AJSEAR4E)
_Hi_| Emfarotacter posand CIP107I00" | AJSHSR4)
BT e E AR S AT NN Sirain LA 540 (DA G224]
1

= Pasuckmonss besscacsanm CIF 107080 (AT 17T436)

5 Enferplucter civscae subsp. dissobans ATCD 231373 [AM1T14Y

Enferobacier chacas subsp. cloacse ATCC 130437 (AM1T142)
Enterobacier asbomae ATCT J5953' (AJ17147)

Enlerabscier kabal ATCC BAAZG0' (AJS6T3%0)

T-I Enlevobacier caneerogens. ATCE 39241 (AJSETSSS)
n Emferbacter mmresswals ATCC 9912 (AJSETR00)
Enfarnbacter nickelidurans Nivas 114’ (AMOTE892)
wn| as| [ EnErmbacer hormascha subsp. hamaechel ATCC 4BIEL (AR1T10H)
E=———u ;[Lemw hovmpeche; subsp, staspsrmads EN-SG2' (AJS43008) c
11— Entarnbacter formaechel pbsp. oharse EN-114° [AJS43TEE
|_I L Erinbeckor kxwigd ENITE' (AJSHITET)
|

a
1
|

Enferobacty sataaky ATCC 29544 (AFSE7 002}
— Entarobacter couwani CIP 10700 (ASETENG]

i ; Enternhacior perpovise: ATCC 33028° [AJSETEOT)
B Enmrohavier pyrmius ATCC 49851" (AMBTI01)

- Feanmonas shapeloies:
'_IJEEH (B 61528}

Figuee 3 Meiphbowr-joining iree based on 105 fENA gene sequences (AL rpoll gene sequence (BY ond fapdid gene
wpequence (07 showing the phy logenetic relationship betweon Eniernbocier mickeffidwnans sp, nov. and siber closcl
related species of Drerabacier, Bomeirap values. expressed o8 percentoges of 100 replivotions. are given o the
branclimg poius: The bars represent substiintion mie and the ccesamon munbers aie given e parenthesis
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Sl G0 contend of the isalale was delermined using
thermal  denpiuration  techniguee using  UV-vis
specsophotomeire (Lambda 2, Parkin Elmer. LISA)
cquipped with Temploh 2 software package {Parkin
Elmer, USA} ollowing protocol stabed by Shivaii er al,
(2005, 2006), The moi¥ G+C content of the isoloie was
comfirmed  from BCCAM LM Baciermal Colleclion,
Cienl, Bebgium,

Fathy achd campesiion

Eatty ncid methyl esters were extracted and prepared
from cells grown on Trypiic-soy agar ai 2B°C following
standard prosseol of the Microbial Tdemlificatbon Sysiem
(MDD Microbial IDy, Inc., Newark, Del), The cellular
fatty acid profile of the dmin Mivas 1147 was provided
by DSMZ, Germany,

Pirvlogereiic analvaes

The 165 rRMA peme of isolate Nivas 1147 wes
amplified ming  universal  pomers  [B=2T0 {5°-
AGAGTTTGATCCTGGCTCAG-3') amd  14%2r (8-
AGAAAGOAGGTEATCCAGHT") carresponding 1o
the £ eali nombering system (Brosius o aof, 1975;
Kumar of of,, 20045 and sequenced {Bhadra et al, 2005;
2MK6). The rpof and Rspéd gene were amplificd and
sequenced uging primers deseribed by Hoffimarn end
Roggenkamp (Hoffmarm and Rogpenkamp, 2003). The
sequences of 165 tBNA pene, rpol gene and fapdid
pere were manually comected from the chromato gram
amd subjecied to similarly search stady using BLAST
prograen (Alschal of af. 1997). The lighly simdlar
sefuenpes were retrieved from GenBank and aligned by
CLUSTAL_X {Thompson ef of. 1997 A pelghbour-
panmg phylogenetic tree [Sailow and Mei, 19ET} was
construcied using MEGA 3.1 (Kumar f al., 2004 based
on evolutionary distance datn that was determined with
Kimwa's teo-parasicier  model  (Kimora,  [980),
Hootstrap analyses {Felsenstein, 1985) were performesd
for 1000 replicatbons and are indicated in the branch
mades. Reference sequences  were  retrigved  from
GenBlank under the accession numbers indicated In the
[reds,

DINA-DINA relatedmess

The DMA-DNA relsiedness of ihe isolole with the
nearesl phylogenetic relatbves was conducted wing Dot-
Blot hybridization method with DIG-DMNA labeling and
detectian kit (Roche DMagnostics) followlng protocols
deseribed earlier (Bhadra ef al, 200F 2006 The
percerdage hybridization was caleulated using Mobocular
Apalyst software {BioRad Ine.), Cross-hybridization was
cordducted with the probe preparsd from the genomic
DMA of Nivas 114, Eaerobacier hormarehel subsp.
hormosefel,  Enferobacter hoemoechel subsp. ohorode,
Enterobacter  harmaeched  subsp,  slelgerwalil]
Emterohocier cleacae ahsp. clooces and Enrerobacier
elageae sbsp. digraivens, Hybridization wes periormed
al 55°C amd eembrancs were washed ai 330 wih 0,5%
S5C following manwfactuners instruction

Resolts and discossion:

lare s an Iniernstenal river h‘avrruin.g lhree cowninies,
Tibet, Bhulan and Indiz, before entering Banglodesh

Waler guality aralysis of the river did not show ing
sarming level of heavy metnl toxicity (Bhadra o o4,
HOT. The heavy metal fon comenl of the river was
fourkd belaw the maximum Fu:rmimiHE limit for humsn
consumption as set forth by WHO [2], but we have
ohserved and reported sewage pollution of river waler
due s disposal of waste water from adjoining ioswnships
Bhadra ef al., 2003; 2005}

{solarion and calieral charaoierisics

The copiatrophic (or eatrophic) bacterial count of the
water samples collecied from the sempling station
Hasimara, of the siate of West Bengal, [ndia. in Jaruary
2002 ranged between 515411 X 107 CFLUml. When
0.1 ml water sample of 2 sampling was plated cn ImM
mickel contmining platz, 30 nickel-tolerant colonics had
appedred. Only one isolate, MiVas 1147, showed
confluert growihs even 2t 10mM nickel contzining
plate, wherens, other Bolates could mot grow over SmM
Mi*. [n MB, the isolate formed motile rods of 0.8-1,1pm
in length and 0.6-0.Tpm in width a1 36°C after 16h of
incubation, In NB, the strain grew betwesn 20-40°C but
not &t 5, 10 and S0PC, optimally ot 36°C. The cells cowld
grow i pH range of &8 and telerate up to 10%% MNall
On MA the molae formed pale-white colored colony
with a diameter of 1-2 mm with entire margin,

Hiackemical characieristics

Serain NiVas 147 produced pale-white colored colonies
{2-3 mm) on nuirient agar after 24 hoat 36°C. The
optimum lemperature and pH for growth of the Bolate
are 36°C and 7.2 respectively, and was found to grow
upto 7% MaCl containing media Nivas 1147 differ from
Enterobacter  kormaechei  subsp.  hormaeched,
Enterodurcier hormoeche! subsp. oharae. Enferobocter
hormacchel  subsp,  sielgerwalnll,  the  closest
phiylogenctic relatives, i terms of oumber of phenotypic
chanicteristics such as ssculins and srea hydrolyzsls, and
utilization of e-kewogluarate, I-hydrogybutyrge, [
malate, malonate, L-proling, L-sevine and L-histidine
{Table 2. The key blochemical rests \hat differeniiale
MiVas 1147 from its close phylogenetic neighbours are
listed mn Table 3.

fnchiction af Nicke! resisfance

Growth curve of induced cells of NiVas 1147 showed a
reduction of 10k in the duration of lag phase compared
i 1he durstion of the same growth phase of minduced
cells in presence of ImM NP (Fig 1), Similar
comparisen between the prowih curves of induced and
uninduced cells of Kighsiella oxvioca CCUMG 15748
(which harbor mir delerminant wo confer inducitde 10mhd
Ni'* resisiance) demonstrating difference in durntion of
lag phase has been reported by Stoppel and Schlegel
(1995). The cells of Hafuia alvel 55 (having mer
determinant 1o confer 30mM Ni** resistance), when
induced {exposed overnight s 0.5mM MNi*") and
challenged against Smd N | showed reduction in
duralson of lag phase in comperison o uninduced cells
(Park et al., 2003). Similar were the observations in
prowih stisdies dirmmﬂmting inducile nxure of nickel
resislance in Rolmomia merallidurans CH34 { possesalng
enr locus) and  Achromobacier splaraxidaer 114
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i having nce and see bocus) (Mergeay or ol 1985 Mies
o o, 1T9RT; Tibazaran eof e, 2000), When cetls of
MiVas 1147 were pre-exposed to 100pm of NP Zn™
tr overnight, they cniered exponential phase after a lag
phase of 1-2h in contrast 1o a profonged ey phase of 12h
shown by uninduced cells, in ImM NI comaining
media. The results, therefore, showed the presence of an
inducible mickel resistance penetic sysiem o Mivas
1147,

Sowthern kphridization

Southern hybeidization was carried oul on penomic
DA of Mives 1147 usbng moed cnnd arel min ner’ B8 @
probe, io identify the homaolegows DMNA sequence. At
high stringency [(60PC) no hybridization signal wad
detected with amy of the probe used Sombern blo
analyses clearly sugpested that the nickel resistant strain
Mivas 1147 did not contain DMA  sequenceds)
homologous 0 the known nickel resistance genebic
systems except a weak homalogy with car sysiem,
Using cnrA gene {of R, metallidumns CH3) probe,
under conditions of low  stringency  (hybridization
temperature af 4870}, weak hybridization signal could be
detected while wlher geme (nee, mre, Hor, and air) probes
failed to produce any detectable signal.

Cellular ity acid composition

Strain  Mivas 1147 exhibited a fafty acid panern
characterized by high levels of the acid Cueg (32.2%)
Cont wre (22.24%) and Summed feature 3 (Cipi wr and
Cao ae soe 20.95%), The acids Cipo (1.531%), Cuo
{6.99%), Cieazon (1.95%) Copevan(5.53%), Summed
feature 2 (Cigpuer 8nd Cianjon. B.04%) were also
detected. The cellular famy acid profile of Mivas 1147

whs compared with the library of the MIDI system and
was found similar (bt not identical) 10 Eaterabacter

cloacae subsp. closcae, Enterobocter cloacas subsp.
dissotvens, Enterohacts hormaechei subsp. hormaechei
aredl Emterobgcte concerogeriss, e, the members of
Enterobacter cloarae complex. Therefore, the isolate
wis regarded a3 a3 member of Emerchacter clogcae
comples.
Phylogenceiic analysis based on 165 rRNA gene, rpoB
gene and Agpal) gerne sequence
The 165 rRMA pene sequence of the isolale ahowed
087 and 98.5% similarity to Enterobacier hormaechei
subsp. oharae EN-3147 (AJBS3B89) and Emterobacier
Hormoechei subsp. steigerwaleii EN-S627 [AJSS3IRO0)
The 165 RMA gene sequence of En:eram:m;
hormoeckei  subsp.  hormgechei ATOC 49162
{AJ41 74500 is only 412 nucleotides in length am_l J'u?rl_m:
nol compared. The strain showed 97.5-98% similarities
with the wiher members of Emterobacter clascae
complex (Hoffmann e al., 200F). Resi of the members
of Emterobacier showed less than 97.5% 168 :'E.Hﬁ:
soquence similarity to the 165 TRNA gene o
f'-l?\rfas 1147, It is elearly undersiood from the 165 rRNA
gene sequence analysis that NiVas 1147 is a member of
Eriterabacter cloacae complex (Hoffmann et al., 200F)
and is close 1o Emerobacrer hormoechel. In ihe
phyhogenetic tree constructed wsing the 165 rRNA gone

sequence, ol  NiVas 1147 clusted  with

Emterobacier hormaechel  subsp,  oharse EN-314'
(AJE53889) ond  Enerobocter  hormaechel  subsp.
stetperwalti EN-5627 (AJRSI890) (Fig. 2AL

Mollet er al, (19971 explained the imporiance of rpol
gene  sequence  for  the  identification of  the
Enferobacteriooeae. Analvels of spoll gene sequences
were used a3 & criferion o proposs B onew  QEnUs
Raouttella under Enterchacreriaceas, where 6%
difference of rpofl gene sequence wis used as & crilerion
to delineate a new genus (Drancourt ef ol ZMH). A
1008 hp rpal gene sequence of the strain NiVas 114
ghowed 9T.0-98.6% simdlaritces  with &Tﬂl‘ﬂﬂﬂt-;
hormaechei  subsp.  hormaechei ATOC 49162
(AJSAIT24)L Enterobocier hormoechel subsp. oharae
EN-I8 (AIS43657), Emterobacter hormnechel suhsp
stetgerwaltii EN-30 (AJ543661), Enrerobacier clodcae
subsp. eloacoe ATCC 130477 (AJS42736), Enterobiacter
clogcae subsp. dixeodvers ATOC 233437 (AJ54373%)
and Emverabacter kobei ATCC BAAZGNT (AIS6654T).
In the phybogenctic tee Nivas 1147 clusiered with
Enterphacter kormaechei aubsp. Formaechei ATOU
401627 (AJS43724), Enterabacter Bormaeched subsp.
oharge  EN:13  (AJS4365T) and  Enreredacrer
hormaechel subsp, steigerwalnil EN-30 (AJ543661)
(Fig 2B,

Hoffinann and Roggenkamp (2003) have analysed the
micleatide sequences of fowr proein coding genes,
hspddl, rpoB, hemB and ampB, and found that the
sequsence of hapdl) gene is one of the strongest (ool Lo
classify Emerpbacter. To confirm  the  systematic
position of WiVas 1147 the hsp6 gene of the isolate was
sequenced and the sequence showed 99% similanty 1o
Enterabacter hormaechei subsp. srelgerwaliii EN-5627
(AJSA3908),  98.5%  similarity to Errerobocter
hormaechei  sobsp.  hormaechel ATCC 491627
(AMITIOR) and 97.6% similarity to Emferobacier
hormaschei subsp. okarae EN-1147 (AJ543782), In the
phybogenetic tree (Fig. 2C) lsolate NiVas 1147 chastered
with Enterobacter  hormoechel  subsp.  hormueche]
ATCC 491627, Emerobocter  hormoechel  subsp,
steiperwaltii EM-562", Emerobacter hormaeche] subsp.
aharoe EN-3147 with a bootsirap suppon of 85 (Fig
20

Based on the phylogenetic analysis of 165 rRMNA gene,
rpof pene and fepdil gene, Ihl.'rnr.un:st phylogenetic
relatives of isoksle NiVas 1147 were wlentified s
Enterobagoter  hormaeche! suhap. Horormecher,
Enterobacter  hormaechel  subep. freigerwaliii,
Erferchocier Rormaechel subsp, oharae, Cmerobacier
clvacoe subsp. cloocor and Emerobacier claacas subip.
ditsalvens,

DNADNA relmtedness stindy

The strain Nivas 1147 showed =70% DNA-DNA
similarity  to  Enterobacter  hormoeche!  subsp,
hormaechei  [(63%, reciprocal  62%),  Eaterobecrer
harmaechei subsp. steigerwalrii (63%, reciprocal 61%)
Enterchacier  formoechel  subsp,  oharee (6%
reciprocal G0%), Emterobacter cloeae subsp, eloueoe
(61 %, reciprocal §2%) and Emerobacter foaeoe subsp.
dissolverns (2%, reciprocal 3904 Using the geromic
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DA of MiVas 114" ns probe 36% and $8% DNA-DNA
similarities were observed with Exferabacter dobel anil
Enterobacier canceragens respectively.  Considering
T% DNA-DNA relatcdness a8 & cuoll volue for
species. delincation (Wayne o al, 1987) NiVas 1147
siood slrong to be regarded as a onew  species of
Emergbacior.

Thus, hased o phenotypic characteristics, phylogensiic
analysis, cellular farly acid profile and DNA-DNA
relatedness sisdics, steain Mivas 1147 was regarded os a
rovel species of Enferobacter, for which ihe mome
Erterphacier mickelidurans ap. nov. is proposed, The
strin demensirating inducible nickel resisiance syslem
s capable of toberating 10mM of Ni*' i rich media
Southern blot assays showed the peasibility of existence
of a diverse picksl resistance  genelic system in sirain
Mivas 1847, (Identification and molecular
characterization of nickel resistance genetic bocus in this
isolate may be useful o explore the diversity and
evolution of nickel resistance determinants in bacteria.

Deseription of Enercbacier mickellidirans sp. nov,
(nicke lidu'rang, W, L. 6. nkckelum, nickel; L part. Adj.
durans,  imsensible,  resisting: ML  part o
macke lidirans. nicksl-resisting

Cells are acrobic, Gram-negative, and motlle and nod
shaped [lengih 1.5-2 mm ond widih 0.8-0.52 mm}.
Calonies (2-3 mm] on nulren) agar ane rounifing, shiny,
glevated amd pale-white in color after 24 h o 36°C.
Strain Nivas 1147 grows between 20 w 40°C and o pH
range of & o % The oplimum vempenyure and pH - lor
growith ore 36°C and 1.2 respectively. The solate could
tolermte 7% MaCl and grows also without sall, The srain
could grow o presence of 10mb nickel chlorids in rich
medium  {nuirient agar} and bears inducible pickel
redistanl determinanl  homologues o oned  locus of
Ratsrarld seialliidrans CHM. The sirain is positive in
Voges-Proskaser, f-galactosidase, arginine dibydrodyse,
orifhine  decarboxylase,  eiculine  hydrolysis  and
Simmon's citeate tesi. bud negative In indole production,
Iysing decarboxylaze, Ho5 production, ures hydrolysis
and gelatin lquefaction, 11 produced acid from glucose,
palactose, lactose, L-rhamnose, glycers] and momethyl=[3
-gluceside, Used D-plucose, D-palactose, lactose, [
fructnee, L-srahinose, sucrose, D-ribose, D-celloblose
lemelibiose, D-manraose, irehabose, D-xylose. maltose.
IMlaciose, Desaccharaie, D-glucosamine, 1-0-methyl-5-
glucopyrancss, | -D-methyl-o-galactopyrancse, [
mannie],  D-sorbitol,  xylivel,  adonitol.  D-sarbied,
glyeerol, ciz-aconitate, fumarate, D-malate, mabonate, D
-galacturonate, succinate, phenylaceiaie, o-ketagloinraie,
-hvdroxybutyrate, L-alanise, L-leucine, L-ihroonine, |-
profing, L-serine, L-histiding, L-glstamic acid and L-
iryplophan a5 sole source ol carbon; bul L-ficose, [-
raffinose,  Deprabitol, erythrivel, dulcitol, 3-msethyd-D-
glucopsrancse,  3-kews-D-glucomatz,  putrescine, L
lariale, cmprite, caprylae, L-aspartic achd omd L-
Asparagane arc nol wlized. The strain s reslatant M
teirieycling (23ugml) and ampicillis (50pg/ml}, bui
sensitive o rifampicin (23ugiml), nalidixic acid (20pp/
mi) and chioramphenical (30g/ml). The major cellular
faly acads are Copy (322%), Cigpun (22.24%) e

Summed featre 3 (Crawre 800 Crvnasaoa, 20.95%),
The mol% f_'llf_l conlend ol the gi!l'mll‘!ll.. DA ol the

imodate 5 59,3,

The type strain is NiVas 1147 {= LMG 2300 =
COUGSN594T = JCMIIME™), isolated from walers ol
Tursa River, Hasimara, West Bengal. India.
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