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ABSTRAK

Penelitian ini bertujuan mengisolasi, mengkarakterisasi, dan mengidentifikasi rhizobacteria
dari rhizosfer tanaman yang tumbuh di situs tambang tembaga dan emas. Isolasi rhizobakter
menggunakan media agar semisolid bebas N, TSA, dan SLP yang mengandung logam berat
Pb, Cd, dan atau Cu. Rhizobakter hasil isolasi dikarakterisasi resistensinya terhadap Pb, Cd,
Cu pada level lebih tinggi menggunakan agar SLP. Karakterisasi morfologi dan kultur yang
dilakukan meliputi morfologi sel, motilitas, pewarnaan Gram, dan produksi biofilm. Identifikasi
rhizobakter dengan sekuensing fragmen gen 16S RNA. Hasil penelitian menunjukkan sebagian
besar rhizobakter dari situs tambang Cu (66.7% dari 21 isolat) resisten terhadap Cu (72-150
ppm) sementara sebagian besar rhizobakter dari lokasi tambang emas (77.8% dari 18 isolat)
sensitif terhadap 72 ppm Cu. Sebagian besar logam Cu di dalam tanah situs tambang tembaga
tidak larut dalam bentuk granul terikat batuan kerikil. Tampaknya rhizobakter dari situs
tambang Cu terpapar dan beradaptasi dengan Cu yang tersedia di dalam tanah sehingga
menjelaskan mengapa nilai MICnya terhadap Cu lebih rendah dari level Cu total di dalam
tanah. Tiga rhizobakter resisten logam (PbSM 2.1, MGR 334, dan CuNFbM 4.1) menunjukkan
kemampuan membentuk biofilm, yang diduga sebagai salah satu mekanisme resistensinya
terhadap logam berat. Hasil penélitian ini juga menginformasikan bahwa tanah terkontaminasi
logam berat merupakan sumber rhizobakter resisten logam yang lebih baik daripada tanah
tidak terkontaminasi logam berat. Penggunaan keempat media dalam isolasi menghasilkan
rhizobacteria dengan karakteristik yang lebih beragam daripada penggunaan media tunggal.
Karakterisas lebih lanjut perlu dilakukan untuk mendapatkan rhizobacteria resisten logam
berat yang dapat digunakan sebagai inokulan pupuk hayati dan agen fitoremediasi.

Kata Kunci: Biofilm, kultur rhizobakteria, resistens logam ber at, tanah area tambang tembaga
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ABSTRACT

The purposes of the study was to isolate, to characterize, and to identify rhizobacteria from
plant rhizosphere growing in gold and copper mine. The isolation of rhizobacteria used N-free
semisolid agar media, TSA, and SLP plus heavy metals (HMs), namely Pb, Cd, and or Cu.
I solated rhizobacteria were subsequently characterized for resistance to higher level of Ph, Cd,
Cuin SLP media. Cultural and morphological characterization of rhizobacteria were conducted
for cell morphology, motility, Gram staining, and biofilm formation. The rhizobacteria
identification used sequence analysis of the 16S RNA gene fragments. The results showed that
the majority of rhizobacterial from Cu mine site (66.7% of 21 isolates) were resistant to Cu (72-
150 ppm) while the majority of rhizobacteria from gold mine site (77.8% of 18 isolates) were
sensitive to 72 ppm Cu. Majority of Cu in the soil wasinsoluble as granules attaching to gravel
so that rhizobacteria of Cu mine site have been exposed and adapted to available Cu. Thisfact,
explaining that the rhizobacteria’s MIC value was lower than the total Cu level in the soil.
Three HMs-resistant rhizobacter (PbSM 2.1, MGR 334, and CuNFbM 4.1) formed biofilms,
which was as one of the resistance mechanism to HMs. This research informed that HM
contaminated-soil is better source for obtaining HM resistant rhizobacteria than HM
uncontaminated-soil. The use four isolation media produce rhizobacteria which was more
diverse than rhizobacteria from each isolation medium. Further characterization needs to be
done to obtain HM resistant-rhizobacteria which can be used as biofertilizers and

phytoremediation agent.

Keywords: Biofilm, culturable rhizobacteria, heavy metal resistance, copper mine soil

INTRODUCTION

Mining activity in many countrieshasbrought
about environmenta issuessuch asheavy metd
(HM) contamination and marginal land
formation including low pH, loss of organic
matter and nutrient, as well as the unstable
situation of theland (Wong, 2003; Raymundo,
2006). Minetailingsareextremeenvironments,
containing high concentrations of HMs and
deficient in nitrogen and organic matter with
extremely low pH of thesoil. Inthissuch ares,
there are some plant speciestolerant to HMs
and capable of growingonit (Heet al., 2010;
Navarro-Noya et al., 2012). Some native
plant speciesgrowing on HM-contaminated
stesweremost efficientinaccumulaing Cuand
Zninitsshoots(Yoonet al., 2006). Such soil,
wherein some plantstolerant to HM grow, is
expected to harbor HM resistant plant growth
promoting rhizobacteriawhich have potential
for use in sustainable agriculture and
phytoremediation of mine-degraded soil.
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Rhizobecteriathat can grow intherhizosphere
are ideal for useas bioinoculants, since the
rhizosphere providesthefront-line defensefor
roots against attack by pathogens. Thusthe
available selective media may isolate 1-10%
of the total soil bacteria and 5-15% of the
fungal population of soils (nautiyal and
DasGupta, 2007). Theuseof dilute nutrient
media particularly suited for the growth of
bacteriaadapted to oligotrophic conditions, and
theprovisonof smulated naturd environmentd
conditionsfor bacterid culture. Thishasledto
the recovery of ‘unculturables’ from environments,
likely to be dueto the inclusion of essential
nutrientsand/or signalling moleculesfromthe
native environment (Vartoukian, Palmer &
Wade, 2010). The use of various isolation
medium in isolating culturable microbe are
expected to cover more diverse of obtained
rhizobacteria. It has been known that media
such as Trypticase Soy Agar (TSA) is for
Isolating gram positive and negative bacteria,
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N-free bromthymol medium (NFB), sucrose-
minimal saltslow phosphateAgar (SLP), and
soil extract agar (SEA) which exclude N,
reduce P concentration, and contain soil extract
respectively. Furthermore, the addition heavy
meta totheeachmediummay mimicenvironment
condition suitablefor rarerhizobacteriagrowth
fromrhizogohereof plant growingonminetalling.

The study wasintended to isolateusing TSA,
SLPagar, SEA, and NFB plusheavy metd, to
characterize, to test the resistance of the
rhizobacteria isolatesto higher heavy metal
concentration (Cu, Pb, and Cd), toassay biofilm
production of theisolates, aswell as, toidentify
HM meta res stant rhizobacteriafrom gold and
Cu mined-out site. Moreover, the result of
heavy metal resistancetest would discussthe
ideaof heavy metal resistance mechanism of
the isolated rhizobacteria which could be
inducibleor condtitutiveand or could beisol ated
from heavy meyal contaminated or uncon-
taminated.

MATERIALSAND METHODS
Soil and Rhizospheric Soil Sampling

Soil and rhizospheric samples of grass and
hyacinth plants, aswell as, taahib plantswere
collectedfromgold mineareaof PTANTAM
in Pongkor, Bogor, West Java, Indonesiaand
Cu mined-out sitein Mogpog, Marinduque,
Philippines, respectively. Soil sampleswere
submitted for chemical andysisto the Centra
Analytic Services Laboratory of the National
Institute of Molecular Biology and Biotech-
nology (BIOTECH, UP Los Barios) and the
Soil Analytical Chemistry Laboratory of the
Indonesian Soil Research Institute (ISR,
IAARD).

| solation of HM -Resistant Bacteria

Rhizobacteriawereisolated from rhizosphere
samplesby serid dilution (Smallaet al. 2001)
and spread-plate method on Solid media
|solation mediaused asemisolid N-free (Nfb)
media, TSA (Trypticase Soy Agar), sucrose-
minima saltslow-phosphate (SLP) agar, and
Soil Extract Agar (SEA). Each mediumwas
supplemented with thefollowing concentration
of metals, which are twice a number of
acceptablelevelsin soil asdefinedinthe Dutch
gandardsfollowed by most governmentswhich
havenot devel opedtheir own formd guideines
(Chen, 2000), 72 ppm Cu (CuCl,), 170 ppm
Pb (Pb(NO,),), and 1.6 ppm Cd (Cd(NO,),)
respectively, and combination of thesethree
HMs. Forinhibiting funga growth, Nystatin
(1, 0000 units/mL) and 10 mgfungicide (USP,
Amresco, USA), respectively were added to
media. All inocul ated plateswereincubated at
28°Cfortwotofivedaysor until colony growth
wasvishble.

Fromeachdilution, 0.1 ml wastransferredinto
asemisolid NFbinatest tube (18 x 200 mm)
and incubated at 28°C until pelliclebelow the
surfacewasvigble. Thepdlicleswerepurified
on agar plates of NFb + yeast extract (0.02 —
0.05gL™") + NH,CI (0.005 M) + HM (to
whichthebacteriaisresstant). Thedifferent
colonies which grew on the plates were
transferred to anew semi-solid NFb medium
to examinethe growth in an N-free medium.
After threerepetitions, cellsthat grew inthe
medium were stocked in NFb+YE+NH,Cl
dant agar.

Determination of Tolerance Levels of
| solatesto Copper, Lead, and Cadmium

Nutrient broth (NB) bacterial culturesinthe
thelog phase (12-hour-old, 6 x 10°cells/mL)
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inamount of five (5) pL (10°-10° cell mL*) of
isolate were spotted into SLP agar amended
withincreasing concentrationsof individud HM
starting from 72 ppm Cu, 170 ppm Pb, and
1.6 ppm Cd, respectively. Plates were
incubated for 3-5daysat 28°C.

Cultura and Morphological Characterization

Culturd characterization of biofilmformation
usingthemicrotiter platebiofilm assay (Merritt,
Kadouri, and O’Toole, 2005). Each TSB
culture (48-hour-old, at 28 °C) of the HM-
resistant isolatewas diluted to 1:100 pL with
steriledH, O water. Thebacterid suspensions
(6 x 10° CFU/mL) were transferred into
duplicatewd|sof adisinfected and adriedflat-
bottom micratiter plate. Theplatewascovered
and incubated at 28 °C for four days. The
biofilm adheringto thebottom and wall of the
washed wells were stained with 125 uL of
0.1%crystal violet for 10 minat 28 °C. The
wells were washed with dH,0 and excess
liquidwasremoved. Thequditativeobservation
wasdone by visual comparison with positive
control (biofilm-producing Pseudomonas
aeruginosa) and uninoculated TSB inwells.
Phenotypic characterizationincluded ther cell
morphology, matility, aswel asGramgtain. Test
for motility was conducted by hanging drop
preparation according to Aygan and Arikan
(2007).

aeruginosa aspoditive control and Medium as negative control
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Morphologica characterization of isolateswere
conductedinduding Gramstain, cdl shgpeand
motility.

I dentification of Selected Bacterial | solates

Harvested bacterial cells(~midlog phase, 10°
cell/mL) were subjected to DNA kit
extraction methods (Wizard Genomic DNA
Purificationkit, Promega) toisolatethegenomic
DNA of theisolates. The DNA amplification
runsused oligonucleotide primersfor bacterid

16SDNA, namely 8f (AGAGTTTGATCCTGGC
TCAG) and 1492r (GGTTACCTTGTTAC
GACT) (Diaby et al., 2007; Williamsand de
LosReyes, 2006). PCR runswere performed
using ESCO Micro Pte Ltd. All succeeding
electrophoresisrunsweredonein 1% agarose
gel using 3l diquot of al PCR productsor
DNA extractswith 1 kb DNA ladder for 20
min at 100 volts and visualized under UV

illumination after ehidiumbromidestaining. The
PCR reagent mix that worked best was as
follows: 8.5 mL of nuclease-free water; 1x

GoTag® Green Master Mix (Promega)

containing 1.5mM MgCl, and, 0.2 mM each
dNTP; 0.4 uM of each primer; 2 L of extracted
DNA of bacterid isolates. The PCR conditions:

initid denaturation and enzymeactivetion at 94
°C for 5min; 30 cyclesof denaturation at 94
9C for 1 minand 30 sec, annedling at 55°C for
45 sec, and extension at 72°Cfor 1 min,and a
find extensona 72°Cfor 1 min. Thebacterid

isolates wereidentified by sequencing of 16S
rRNA gene. Sequencing reaction was
conducted in Macrogen, Inc. (South Korea).

Thepartia 16SrDNA sequence of theisolates
was anayzed by BIOEDIT program and the
edited partial 16SrDNA sequenceswere used
as a query sequence to search for asimilar
sequence in GenBank using Basic Local
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Alignment Tool (BLAST) program (Altschul
S.F,1990). Phylogenetictreesof 16SrDNA
gene sequences were generated using the
neighbor-joiningagorithmsusingthep-distance
model (Saitou and Masatoshi, 1987) in Mega
6.06 software (Tamuraet al., 2013).

RESULTSAND DISCUSION
Soil Sample Char acteristics

Theanaysisresult of soil characterigticsof gold
minein PT. Antam Pongkor Bogor and copper
minein Marinduque are presented in Table 1.
Apparently, Marinduquesoil dassified assandy
loam soil had acid pH and wascontaminated with
high CuwhereasPT. Antam soil had dkainepH
and contained norma concentration heavy meta

Bacterial | solates

Thirty-two (32) bacterid isolateswereobtained
from grass rhizospheric soil around the mine

tailling of PT. Antam, 26 bacterid isolatesfrom
the rhizospheric soil of talahib growing on soil
near the Cuminea Marinduque. However, only
39 isolates were able to grow in further
cultivation and characterization. Isolateshave
been coded, consecutively, thekind of HMs
(Cu, Cd, Pb, and consortium of these three
heavy HMs=HMC), first | etter of medianame
(T from TSB; Sfrom SLP), sampling location
(M from copper minein Marinduque and A
from PT. ANTAM), sample number of plant
(1-4 of talahib rhizosphere, 1-2 of Antam grass
and 3-4 of PT. Antam hyacinth), and colony
number. NFb and SE mediawere coded by
itsfull name, i.e., NFband SEM, respectively,
in the name of the isolates. The number
followingthenumber of sampleiscol ony number
on media. Some isolates with MGR code
originated fromrhizospheric soil of tlahibtaken
by soil brushing of the roots, according to

Table 1 Chemical and physical characteristics of gold minefrom
Pongkor, Bogor and Ultisol soil samplefrom Kentrong,
Banten Province, Indonesia (0-20 cm) compared to soil

from Marindugue

CHARACTERISTICS Pongkor MARINDUQUE
pH (1:5)
H.0 7.95 4.5
KCI NT
Textural Grade (pipet) NT Sandy Loam
Sand (%) NT 59
Silt (%) NT 33
Clay (%) NT 8
Organic matter
C (%) NT 0.30
N (%) NT 0.06
CIN - 5
Extractant (HCI 25%)
Total P,Os (mg.100 g}) NT NT
Total K20 (mg.100 g?) NT 0.23*****
P-Bray 1 (ppm) NT o7
CEC (NH4-Acetate 1N, pH 7)
Ca(cmolc kg?) NT NT
Mg (cmol. kg?) NT NT
K (cmolc kg?) NT 0.23
Na (cmolc kgt NT NT
CEC (cmolc kgl) NT 17.00™
Pb (mg/Kg) 0.93 0.5
Cd (mg/Kg) 39.55 0.2
Cu (mg/Kg) 30.95 446.3
Hg (mg/Kg) 0.240 0.0
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methods of Navaro-Noyaet al. (2010). The
isolation medium of these bacteriawasNFb
semisolid agar. Therefore, the isolates also
dated asrhizobacteria For theseMGRisolates,
naming did not follow therule as stated above.
Eight isolates, CUSEM 3.5, CUSEM 3.8,
PbSEM 3.1, CdSEM 1.5, CdSEM 1.1,
CdSEM 1.3, CuSEM 3.7 and CuSEM 1.3
wereisolated using SEA from rhizospheric soil
of plant growingin Mandrique.

Resistance of Bacterial |solatesto HM

The MIC is considered as the lowest Cu
concentration at which no bacteria growthis
observed (Lgon, Pascault, and Ranjard, 2010).
HM resistance test was conducted on 58
isolated bacteria, however, somebacteriawere
difficult tocultivateand died. All theremaining
isolates (39) together with their tolerance/
sensitivity to Cu, Cd and Pb are presented in
Table2. Fromthe21 Marinduqueisolatesand
18isolatesof PT. Antam, sevenand 10isolates,
respectively, were sensitiveto Cu only while
four (CdTA 1.3, CuTA 2.2, CdTA 2.2, and
CdTA 3.3) PT. Antamisolateswere sensitive

todl of thethreeHMs(Cu, Cd, and Pb). Most
of theisolatesreved ed multipleHM resistance
(doubleortriple),i.e, 17isolateswereres stant
to Cd and Pb whileanother 16 wereresi stant
todl of thethreeHMs. I solatesfrom PT. Antam,

CdTA 1.1 (No. 17) and CdTA 2.1 (No. 35)

werefound resistant to Cu only andto Cd only,

respectively.

According to Navarro-Noya et al. (2012),

bacterial isolatesgrowing at 1 mM (64 ppm)

of Cu?* is considered resistant. In general,

isolatesfrom Marinduquewere moretolerant
thanisolatesfrom Antam Bogor to Cu, Cd, and
Pb (Tables 1). Tenisolates (CuNFb M 4.2,
CdTM 2.2, PbSM 2.1, CuNFbM 4.1,

CdSEM 1.5, CdSEM 1.1, MGR 335, CdTM

2.1, CdSM 2.1, and PbSM 2.2) were ableto
grow on mediumwith 125 - 150 ppm of Cu.
All of the ten isolates were obtained from
Marinduquearound the Cumined-out Stearea
wherethesoil was severdly contaminated with
Cu. On the other hand, only one isolate
(HMCTA 2.3) from PT. Antam wasresistant
to 100 ppm of Cu (Table 2).

Tabel 2 Resistance of bacterial isolates from gold ine of PT. ANTAM in Pongkor
and Cu mined-out sitein Mogpog, Marindugue

NO. ISOLATE HEAVY METAL NO. ISOLATE HEAVY METAL
CODES RESISTANCE CODES RESISTANCE
1 CuSEM 3.5 Cu? Cd®6 Ppt7 21 CdTA 3.4 Cu Cd® Pp2%0
2 PbTA 1.1 Cu” Cd" Ppto0 22 HMCTA 2.2 Cu Cd® Pp?%0
3 CuSEM 3.8 Cul®  Cd°¢ Pp1040 23 CdTA 3.1 Cu Cd® Pp?%0
4 PbSEM 3.1 Cul®  Cd°s Pptoo 24 MGR 331 Cu Cd® Pptoo
5 HMCTA 2.3 Cul®  Cd® Pp520 25 CuTA 2.1 Cu Cd® Pp1040
6 MGR 333 Cul®  Cd¥® Ppe0 26 CdTA 2.4 Cu Cd* Pptoo
7 CuNFbM 4.2 Cu®  Cd® Pps20 27 CdsA 2.1 Cu Cd® Ppto
8 CdTM 2.2 Cul®  Cd“0  pploo 28 CdNFbA 1.1 Cu Cd® Ppto0
9 PbSM 2.1 Cu'?  Cd40  pploo 29 PbTM 2.2 Cu Cd™ P04
10 CuNFbM 4.1 Cu®  Cd® Pp?%0 30 CdSEM 1.3 Cu Cd™ Pptoo
11 CdSEM 1.5 Cu®  Cd® Ppt040 31 CuT™M 2.1 Cu Cd“o  pplow0
12 CdSEM 1.1 Cu®®  Cd® Pp1040 32 PbTA 1.2 Cu Cd¥0  pploe
13 MGR 335 Cu®®  Cd¥® Pp1040 33 MGR 334 Cu Cd40  pploe
14 CdT™M 2.1 Cul®  Cd“0  pploo 34 MGR5.3 Cu Cd0  pplow0
15 CdsMm 2.1 Cu'®  Cd“  pploo 35 CdTA 2.1 Cu Cd"® Pb~
16 PbSM 2.2 Cul®  Cd40  pploo 36 CdTA 1.3 Cu Cd Pb~
17 CdTA 1.1 Cu” Cd- Pb~ 37 CuTA 2.2 Cu Ca- Pb~
18 CdSA 4.2 Cu Cdo8 Pb520 38 CdTA 2.2 Cu Cd~ Pb~
19 CdTA 3.2 Cu Cdo8 Ph1040 39 CdTA 3.3 Cu Cd- Pb~
20 MGR 2.2 Cu Cd*8 Ppto0
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Thirty-three (33) bacteriawere ableto grow
on mediawith Cd and Pb, whileonly 17 were
ableto grow on mediawith Cu. Based onthe
MIC, HM tolerance of the bacteriafrom high
to low was asfollows. Pb >Cu >Cd. Three
isolates (CdTM 2.1, CdSM 2.1 and PbSM
2.2) from Marinduque showed the highest
resistanceto all threeHM s (150 ppm Cu, 140
ppm Cd, and 1040 ppm Pb).

Theextreme characteristicsof Cuminewaste-
degraded sandy loam soil in Marinduque
particularly high CuHM content, low pH, low
organic matter, low nutrient content interms of
nitrogen, and potassium (Table 1), aswell as
itslocation at the hilly part of the mountain,
makeit vulnerableto erosion. Eventhough
effortshave been madeto rehabilitatetheares,
gregter portiondill remain barren. Someplants,
such as the talahib grass (Saccharum
spontaneum) are Cu tolerant asthey areable
to grow inthe area. Rhizosphere soil of grass
and hyacinth plant yielded three bacteria
(CuTM 2.1, CuTA 2.1, CuTA 2.2) whichwere
isolated from 72 ppm Cu enriched-TSA, and
four bacteria(CdTA 1.1, CdTA 1.3, CdTA 2.2,
CdTA 3.3) which wereisolated from 0.6 ppm
Cd enriched-TSA became non Cu-resistant
and non Cd-resistant in aconfirmatory test on
the SLPmedium. Sincethesoil canberegarded
asacommunity wheredifferent microorganisms
live, theremight be some precursorsin thesoil
produced by microorganisms which can
influence the enzyme system of the metal-
resistant bacteria. Newly isolated bacteria
might still have somecarry-over of substances
or metabolitesfrom the soil; hence, they still
maintain their resistance during the initia
isolation phase, but these materials become
diluted astransfer to fresh mediaisdone.

Thedifferencein themediaused might have
caused the change of the Cu or Cd-resistant
isolatesto becomenon Cuor Cd-resstant. SLP
agar with low P might have provided more
available HM (Cu or Cd) than TSA; hence,
theMIC va uesof these bacteriawerelessthan
72 ppm Cuand 0.6 ppm Cd. Low Pin SLP
mediumistoavoidtheprecipitation of HM sdts
at 50 mg |, ExcessivePin TSA might react
withtheHM forming precipitation of HM salt
which would not betoxicto thebacteriasince
most HM ionswill not be ableto enter thecell.
Bondarezuk and Piotrowska Seget (2013)
have reported that in the Escherichia coli,
copper ion (Cu*) degradesiron-sulfur clusters
of dehydratases through iron displacement,
causinginactivationof thecrucd enzymes. The
iron released from thed ustersmay subsequently
initiate the Fenton reaction that leads to
oxidativedamageinddethecel.

Also, if theresistanceisplasmid-borne, itis
possiblethat the plasmid can belost. Some
plasmidsarelost quitergpidly when gppropriate
selective pressure is removed. Culturing
bacteria isolateson agar dant without HM for
short-term preservation followed by growth on
NB before determination of Cu, Cd, and Pb
maly have caused theloss of the plasmid.

Another possibility isthe community effect
which could explain the above event. The
isolate received resistance in the isolation
medium from other membersof thecommunity
where for example, one member or severd
members might expresstheresistanceto HM
(Cu and Cd) through biofilm production or
elaborating extracellular metabolite creating
untoxic formof Cuor cadmiumintheisolaion
medium. Eventually, in this community
environment, an HM-sensitivewill beableto
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grow near other colonies of HM-resistant
bacterium and in thiscase, theHM sensitive
bacterium can become temporarily HM-
resistant.

It is noteworthy that most bacteria obtained
from PT. ANTAM were Pb and Cd resi stant.
However, thesamesoil sampleyidded bacteria
which did not grow in the presence of 72 ppm
Cu. Thismight imply that the Cu-resistance
genesof thebacteriaareinduciblewhilelead
and Cd-resistant genesare constitutive genes.
Jaros*awieckaand Piotrowska-Seget (2014)
and Nies(1999) explaned theevent by passive
and unspecific resi stance mechanismswhere
HMs bind to a variety of substrates,
constitutively expressed in the cell wall and
outer membrane of the bacterial cells,
extracellular polymer production such asextra
polysaccharidesand or extra- andintracel lular
precipitation of Pb (1) with phosphate. The
extrapolysaccharidesbind Cuionsby virtue of
el ectrogtaticinteraction and keep them trapped
outsidethecell.

Not dl Cuareinavallableforminthesoil, some
Cu ores are not released or bond in gravel
formsor bond to other soil componentssuch P
consdering high Pcontentinthesoil. Therefore,
the isolates experienced and adapted to this
real available Cuwhich could explainthat the
MIC values of Cu were lower than soil Cu
concentration where the bacteria isolates
obtained.

Cultural,and Morphological Characteridtics

Biofilm formation assay showed that isolates
PbSM 2.1, MGR 334, and CUNFbM 4.1were
abletoformbiofilminvitro (Figure1) and most
of the bacteria isolates did not form biofilm.
Thebidfilm-formingisolatesoriginated fromthe
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rhizospheric soil of talahib grassgrowinginthe
copper mine-degraded soil in Marinduque.

Biofilmsare assemblagesof cdlsembeddedin
amatrix composed of exopolysaccharides,
proteins, and sometimes DNA. Matrix
production resultsintheformation of complex
architecturestypica of biofilms(Beauregard et
al., 2013). Biofilmsafford acommunity of
single or mixed speciesof bacteria, especidly
the non-spore formers, protection from the
fluctuating and often severe conditions of the
rhizosphere, such asdesiccation, extreme pH
levels, temperature, sdt, and nutrient avail ability
(Bruins, Kapil, and Oehme, 2000).

The plant growth-promoting bacterium Bacillus
subtilisisfrequently found associated with plant
rootswhereit protects plantsfrom infection.
B. subtilis root attachment depends on
production of anextracellular matrix that holds
thecellstogether in multicellular communities
termed biofilms. Plant polysaccharides act as
an environmental cue that triggers biofilm
formation by the bacterium and these plant
polysaccharides can serve as carbon source
used to produce the extracellular matrix. B.
subtilis colonizes Arabidopsisthaliana roots
and forms biofilmsthat depend on the same
matrix genesrequired in vitro(Beauregard et
al., 2013). Therefore, biofilm might be a
mechanism of the three bacteriaon how they
can beresistant to HM invitro and when they
areassociated with rootsof talahib growingon
copper-contaminated soil. Other bacteria
whichdid not form biofilmbut ressttoHM (in
this case Cu, Pb, and Cd), might use other
mechanismsto beresistant toward HM.

Thebiofilmthat formsonroots, litter, and soil
particlestypically contains multiple bacterial
species. Thereisahigh prevaenceof synergy
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in biofilm formation in multispecies consortia
isolated from anatural bacteria habitat and
likewisewhereinterspecific cooperation occurs
(Renetal., 2015). Thisfinding could explain
how Cu-sensitive bacteriaare ableto survive
onisolation mediasupplemented with Cuand
when they are associated with rootsof talahib
growing on Cu-contaminated soil.

Colony observationwithout mentioning onwhet
mediathey grew (TSA, NFB, SLP, and SEA),
the morphol ogy colonieswere circular, flat,
raised, smooth, mucoid, watery, white, orange,
beige, ydlow, bright ydlow, opague, tranducent
withentiremargin.

Most of thebacteria cellswerelongor short,
thick or dender rods and were Gram-negative
bacilli and some isolates (10) were Gram-
positive bacilli (CuSEM 3.5, CUSEM 3.8,
PbSEM 3.1, HMCTA 2.3, CdSEM 1.5,
CdSEM 1.1, CdTA 3.2, MGR 2.2, PbTM 2.2
and CuTA 2.2) and most of theisolateswere
motile (35 out of 39 isolates). The motile
isolatesPbSM 2.1, MGR 334, and CuUNFbM
4.1 werecapable of forming biofilm but other
motile cellswerenot biofilm-forming. These
results showed that motility isnot associated
with biofilmformation.

| dentity of Bacterial I solates

Based on 16SrDNA gene sequences, of the
18 HM-resistant isolates (11 isolatestolerant
to Cu, Cd, Pb and 7 isolates tolerant to Cd
and Pb) and 1 non HM (Cu, Cd, Pb)-resistant
isolate (CuTA 2.2) were classified as
Alphaproteobacteria(MGR 333, MGR 331),
Gammaproteobacteria(PbTA 1.1, CuTM 2.1,
CuTA2.1,CdTM 2.1, CdTM 2.2, PbSM 2.1,
PbSM 2.2, MGR 5.3, MGR 335, and MGR
334), Firmicutes (CASEM 1.1, CuSEM 3.5,

CuTA 2.2, and MGR 2.2) Bacteriodetes
(PTA 1.2) andActinobacteria(CuSEM 3.8).

From 15 isolates of Cu mined-out site in
Marinduque, oneof them namely CuNFoM 4.1
is most closely related to Fulvimonas
yonginensisNR 134038 (100%). CuTM 2.1,
CdTM 2.1, CdTM 2.2, PbSM 2.1, and PbSM
2.2 were found to be closely related to a
member of the genus Pseudomonaswith 100%
sequencesimilarity. MGR 5.3 had the closest
relationship with Citrobacter amal onaticus
(99%), amember of Enterobacteriacese. MGR
334 had closest relationship with members of
Enterobacteriaceae. Thus, MGR 333isclosdy
related to member of the genus Rhizobium
aongwithMGR 331 which clustered together
with thisgenus (100%). Isolates CASEM 1.1
and MGR 2.2 respectively, clustered together
with the genus Bacilluswhile CUSEM 3.5is
closely related to Lysinibacillus sp and
Bacillus sp. CUSEM 3.8 reveal ed the closest
relationship (100%) with Arthrobacter
phenanthrenivorans KC934818 (Table 2)
which isknown as phenanthrene-degrading
bacterium (Kalimaniset al., 2009). Gram
stainsand cell morphol ogy characteristics of
theisolates supported thetaxonomic placement
of the isolates which have been described
above (Table 3).

The 16S rDNA sequence-analyzed isolates
except CuTA 2.2 weredouble or triple heavy
metal resistant (Cu, Cd, Pb) isolates. These
bacteriacovered eight different generanamey
Enterobacter, Sohingobacter, Pseudomonas,
Rhizobium, Citrobacter, Bacillus, Athrobacter,
and Fulvimonas. The genera Enterobacter,
Pseudomonas, Rhizobium, Bacillus, and
Athrobacter are common HM-tolerant Gram-
negative and Gram-positive bacteria (Ellis et
al., 2003; Jaros*awiecka and Piotrowska-
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Table 3 Identity of selected isolates based on 16S rDNA sequences similarity analysis

NO BACTERIA ISOLATES MOST CLOSELY RELATED ORGANISM ACCESSION NUNV
1 PbTA 11 Enterobacter mori $4-P4 KC851827.1
Enterobacter cloacae CR1 AY787819.1
Enterobacter cloacae M277 HQ651835.1
2  PoTA12 Sphingobacterium multivorum DW-18 EU240955.1
3 CuTM21 Pseudomonas synxantha A1 GQ900609.1
Pseudomonas fluorescens MX X 08012001 EU822884.1
Pseudomonas sp.p50 EU864269.1
Pseudomonas sp.P57 EU935094.1
Pseudomonas azotoformans IHB B 15160 KU605225.1
Pseudomonas libanensis IHB B 17501 KP208622.1
4 CuTA21 Enterobacteriacese
5 CdTM21 Pseudomonas fluorescens NUO4 KX187323.1
Pseudomonas proteol ytica CM S64 NR 025588.1
Pseudomonas veronii R-21933 AJ786795.1
Pseudomonas fluorescens 20130311XB1 KC773765.1
Pseudomonas panacis KP02 KX187317.1
Pseudomonas $p.5-JS-8 FJ529034.1
6 CdTM22 Pseudomonas synxantha A1 GQ900609.1
Pseudomonas fluorescens M XX 08012001 EU822884.1
Pseudomonas sp.p50 EU864269.1
Pseudomonas sp.P57 EU935094.1
Pseudomonas azotoformans IHB B 15160 KU605225.1
Pseudomonas libanensis IHB B 17501 KP208622.1
7 PoSM 2.1 Pseudomonas synxantha A1 GQ900609.1
Pseudomonas fluorescens MX X 08012001 EU822884.1
Pseudomonas sp.p50 EU864269.1
Pseudomonas sp.P57 EU935094.1
Pseudomonas azotoformans IHB B 15160 KU605225.1
Pseudonmonas libanensis IHB B 17501 KP208622.1
8 PoSM 2.2 Pseudomonas synxantha A1 GQ900609.1
Pseudomonas fluorescens MX X 08012001 EU822884.1
Pseudomonas sp.p50 EU864269.1
Pseudomonas sp.P57 EU935094.1
Pseudomonas azotoformans IHB B 15160 KU605225.1
Pseudomonas libanensis IHB B 17501 KP208622.1
9 MGR5.3 Citrobacter amalonaticus CECT 863 NR 104823.1
10 MGR335 Enterobacteriaceae
11 MGR334 Enterobacteriaceae
12 MGR333 Rhizobium $p.XWS-6 JQ617900.1
Rhizobium pusense strain MB17a KX519318.1
13 MGR331 MGR 333
14 CdsEM 1.1 Bacillus §9.BAB-4350 KM104683.1
Bacillus bombysepti cus Wang GQ281063.1
Bacillusthuringiensis B16 KX977387.1
Bacillus cereus A168 (GQ118339.1
15 CuSEM 35 Lysinibacillus fusformis R110 KU752868.1
Lysinibacillus sphaericus PRE16 EU880531.1
Bacillus p.JUN-3 KF228922.1
Lysinibacillus §9.C-2-31 KT583477.1
Bacillus cereus SEPV-3 KF228914.1
16 CuSEM 3.8 Arthrobacter phenanthrenivorans H31 KC934818.1
17 CuTA22 Exiguobacterium sp.4091 JX566608.1
Exiguobacteriumindicum BR18 1A JIN644531.1
Exiguobacterium sp.KHB11 KT368962.1
Exiguobacterium acetylicum QD-3 FJ970034.1
18 MGR22 Bacillus$.13.1 KX453892.1
Bacillus megaterium S20510 KF956591.1
Bacillus aryabhattai IHBB KM817252.1
Bacillus subtilisH-3 KT273284.1
19 CuNFbM 4.1 Fulvimonas yonginensis 5GHs31-2 NR 134038.1
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Seget, 2014; and He et al., 2010). These
genera aso are well-known plant growth-
promoting bacteria (He et al., 2010 and
Navarro-Noyaet al., 2012).

The identification result revealed that
rhizobacteriaisolated by four media (TSA,
SLP, SEA, NFB) were more diverse than
rhizobacteria isolated by each medium.
Apparently, Rhizobacteria from SEA were
difficultinitscultivation and preservation due
to they could not havelong shelf lifeat 4°C.
Theheavy metd rhizobacteriaisolated by SLP
(PbSM 2.1) dan NFB (CuNFBM 4.1 dan
MGR 334) showed the ability toform biofilm
in vitro. Further characterization of the
successfully isolated, cultivated, and
preservated rhizobacteria would give their
fuctional diversity and their potential in
phytoremediation and friendly sustainable
agriculture.

CONCLUSION

Rhizobacteriafrom Marinduque were more
tolerant than isolatesfrom Antam Bogor to Cu,
Cd, and Pb. Highest MIC value of Cu, Cd,
and Pb were 150 ppm, 140 ppm, and 1040
ppm respectively. CdTM 2.1, CdSM 2.1, and
PbSM 2.2, rhizobacteria from Marinduque
exhibited highest MIC vaueof thethreeHMs.

TheHM-resstantisolaesfromgold minetailing
inPT.ANTAM Pongkor, Bogor, Indonesiaand
Cu mined-out sitein Marinduque, Philippines
exhibited diverstyinmeta resistance, colony
and cdl morphology, aswell astaxonomy where
based on 16SrDNA gene sequences.

It has beenrequiring further characterizationto
select the rhizobacteria as inoculant for
phytoremediation and friendly sustainable
agriculture, such asthe ability to accumulate

heavy metal and promote pant growthinvitro
andingreenhouse.
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