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ABSTRACT

The first major challenge for the bioremediation field is to select the most promising types
of biomass. Hence, the objective of this study was to isolate and identify a novel species
which has the potential to remediate tin in freshwaters. For this reason, a bacterium
designated as Sn11, with 59 μgml−1 maximum tolerable concentration of tin was isolated
selectively from the freshwater samples collected along the river Kırıkkale-Kızılırmak,
Turkey. Identification of the isolate was done using biochemical tests, fatty acid methyl ester
analysis, and 16S rRNA sequencing. Fatty acids produced by the isolate investigated were
assumed as typical for the genus Pantoea. Pantoea were highly homogeneous by dominant
C16:0 and C16:1 cis 9 fatty acids. 16S rRNA sequence analysis also confirmed that the isolate
Sn11 had 98% homology with Pantoea agglomerans. The complete sorption of 59 μgml−1 tin
by P. agglomerans was recorded at about 20 h incubation. Due to higher affinity toward tin
sorption, P. agglomerans can be an important isolate for the natural attenuation of tin toxicity
in contaminated freshwaters.

Keywords: Pantoea agglomerans; Tin resistance; Bioremediation; FAME analysis; 16S rRNA
sequencing

1. Introduction

Tin (Sn) is one of the toxic metals found in most
wastewaters. Many industries produce large quantities
of waste streams containing Sn such as Sn electroplat-
ing, aluminum anodizing, printed circuit board manu-
facturing, and metal pickling [1]. Sn compounds are
also found in various environmental media in both
inorganic and organic forms. Gases, dusts, and fumes
containing Sn may be released from smelting and
refining processes, industrial uses of Sn, waste inciner-

ation, and burning of fossil fuels [2,3]. In general,
organotin compounds are released into the environ-
ment from anthropogenic sources; however, methyltin
compounds can be produced in the environment by
biomethylation of inorganic Sn [4]. Although the
toxicological pattern of organotin compounds is very
complex, Sn in its inorganic form is accepted as being
non-toxic. It has been established that the toxicity of
Sn is highest for triorganotins like tributyltin and
triphenyltin [5]. Use of antifouling paints represents
the major source of tributyltin into the coastal
environment. On the other hand, triphenyltin enters
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the environment directly from its use as fungicides,
algicides, and molluscicides [6,7].

Wastewaters and industrial effluents containing Sn
are major concern of environmental pollution. It has
been shown that the remediation of organotin com-
pounds could be successful using a number of differ-
ent processes ranging from biological treatment to
ultrafiltration, reverse osmosis, adsorption, and solvent
extraction [8]. Inorganic Sn cannot be degraded in the
environment, but may undergo oxidation–reduction,
ligand exchange, and precipitation reactions [9]. It has
been established that inorganic Sn can be transformed
into organometallic forms by microbial methylation
[10]. Inorganic Sn may also be converted to stannane
(H4Sn) in extremely anaerobic conditions by macroal-
gae [11]. Degradation of organotin compounds
involves the breaking of the Sn-carbon bond, which
may occur by UV irradiation or by biological or chemi-
cal cleavage [12]. In water, tributyltin can be degraded
by photochemical and biological processes relatively
rapidly; however, adsorption onto suspended particu-
late material in water followed by sedimentation is a
key removal process [13]. Biodegradation is the major
process in seawaters rich in suspended solids, but
photolysis exceeds biodegradation in clean seawater.
Calculated half-lives range from 6 d in summertime
waters rich in suspended particles to 127 d in clean
winter waters [14].

It has been established that one of the most impor-
tant low-cost mechanism of Sn elimination is biodeg-
radation due to activity of bacteria, algae, and fungi
[5]. Particularly, micro-organisms able to survive well
in high concentrations of Sn are of great interest as
bioremediation agents for Sn-contaminated residues.
Therefore, it is necessary to isolate and identify the
microbes which are able to eliminate Sn from contami-
nated waters. Hence, the aim of this study was to
isolate and identify a novel species which has the
potential to bioremediate Sn.

2. Materials and methods

2.1. Sampling, isolation, and biochemical identification

Water samples were collected along the river
Kızılırmak extending from 39˚22´16.39´´N,
33˚26´49.26´´E, 890m to 39˚57´22.98´´N, 33˚25´04, 35´´E,
679m of the city Kırıkkale, Turkey. The samples were
put into sterile screw-capped bottles aseptically, kept in
an icebox containing ice packs, and taken immediately
to the laboratory. Inductively coupled plasma mass
spectrometry ICP-MS (Perkin Elmer, USA) was used
for Sn measurements. A quantity of 1ml of water from
each of the collected samples was dissolved in 9ml

sterile distilled water and serial dilutions were made.
Each dilution was plated on Luria Bertani (LB) agar
plates supplemented with increasing concentrations of
SnCl22H2O by the standard pour plate method. Plates
were incubated at 30˚C for 3 d and colonies differing in
morphological characteristics were selected. After the
growth of different micro-organisms on the plate, each
bacterial colony on the basis of its morphological char-
acteristics was picked up and further purified by
repeated streaking on nutrient agar plates and identi-
fied with gram staining. Each bacterial culture was then
inoculated in nutrient broth, incubated and glycerol
stocks were made, and frozen at –70˚C. For isolation
and purification, strains were routinely grown in LB
medium containing Sn at 30˚C. The Analytical Profile
Index (API 20E) strep micromethod for the primary
identification of isolates, using eight conventional bio-
chemical tests and 12 carbohydrate assimilation tests,
was performed as described by the manufacturer (Bio
Merieux, France) and the results were analyzed using
Apiweb, version 1.2.1.

2.2. 16S rRNA sequence analysis

Confirmation of the taxonomical status of the
selected strain was done by molecular methods. Geno-
mic DNA was isolated and analyzed by the method of
Chen and Kuo [15]. Bacterial 16S rDNA was amplified
using the universal bacterial 16S rRNA primers,
27F (5´-AGAGTTTGATCMTGGCTCAG-3´), and 1492R
(5´-ACCTTGTTACGACTT-3´). PCR was performed
with a 50 μl reaction mixture containing 1 μl (10 ng) of
DNA extract as a template, each primer at a concen-
tration of 5mM, 25mM MgCl2, and dNTPs at a con-
centration of 2mM, as well as 1.5 U of Taq polymerase
and buffer used as recommended by the manufacturer
(Fermentas, Germany). After the initial denaturation
for 5min at 94˚C, there were 35 cycles consisting of
denaturation at 94˚C for 1min, annealing at 55˚C for
1min, extension at 72˚C for 1min, and final extension
at 72˚C for 5min. PCR was carried out in a gene Ther-
mal Cycler (Techne TC-Plus, USA). The obtained PCR
products were purified, using the GeneJET™ PCR
Purification Kit (Fermentas, Germany), according to
restrictions of the manufacturer, and sequenced. The
PCR product was sequenced by 3730x1 DNA synthe-
sizer (Applied Biosystems, USA). The 16S rRNA
sequences were aligned and compared with other 16S
rRNA genes in the GenBank using the ClustalW pro-
gram [16]. A distance matrix was generated using the
Jukes-Cantor corrected distance model. The 16S rRNA
gene sequences have been deposited to GenBank
using BankIt submission tool and has been assigned
with NCBI accession numbers.
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2.3. Analysis of fatty acid methyl esters

Pure cultures were streaked on trypticase soy broth
agar (Difco) and incubated at 30˚C for 24 h. fatty acid
methyl esters (FAME) were produced in five or more
replicates using the standard MIDI procedures [17]. A
loopful (20–40mg) of cells, from the third streaked
quadrant after the 24 h culture, was harvested and
placed into a clean screw-capped glass tube. Cellular
fatty acids were saponified by boiling at 100˚C with
1ml of 3.75 N certified ACS-grade NaOH (Fisher) in
1:1 (v/v) HPLC-grade methanol: H2O for 30min [18].
Methylation occurred after 2 ml of 1.18:1 (v/v), 6 N
HCl (VWR): HPLC-grade methanol was added and the
mixture heated at 80˚C for 10min. The FAME were
extracted into the organic phase by adding 1.25 ml of
1:1 (v/v), HPLC-grade hexane: HPLC-grade methyl
tert-butyl ether (J.T. Baker, Phillipsburg, NJ) followed
by a base wash (0.3 N NaOH in H2O) to remove any
free fatty acids and residual reagents. The purified
FAME were analyzed immediately using a gas
chromatograph (GC model 6850, Agilent Technologies,
Wilmington, DE) coupled to a flame ionization detec-
tor using the protocol recommended by MIDI [17]. The
GC Chemstation enhanced integrator program (rev. A.
10.02, 1757, Agilent Technologies) was used to inte-
grate the chromatogram peaks and to electronically
transfer results to the MIS for library comparison with
the TSBA method 5.0 (TSBA50) aerobe database. The
output contained a list of fatty acids corresponding to
percent composition and identifications with similarity
indexes ranging from 0 to 1 in which the higher num-
ber being the closest match to the library of fatty acids
for aerobic bacteria (RTSB50). The GC was calibrated
twice before the start of each analysis sequence and
after every 11th sample injection [17], using rapid
calibration standards (No. 1300-AA, MIDI). During all
the calibration analyses, the peak percent named for
the standard was >99% with the root mean square
error <0.003.

2.4. Growth studies

Growth curve of bacterial isolates was studied in
250ml flasks containing 50ml LB medium supple-
mented with SnCl22H2O for the total Sn concentration
59 μgml−1. Control flask was not supplemented with
SnCl22H2O. Flasks were inoculated with 0.5 ml of
overnight culture and agitated on a rotary shaker
(150 rev min−1) at 30˚C. Growth was monitored as a
function of biomass by measuring the absorbance at
600 nm using the spectrum SP-2000UV spectropho-
tometer (Hangzhou Chincan Trading Co., China).

2.5. Experiments of biosorption

Experiments of heavy metals biosorption were
done in Erlenmeyer flasks containing 250ml of each
samples and 15.0 ± 1.0 mg of cells. To ensure equilib-
rium, cells and waste were maintained in contact for
48 h, under constant agitation, at 30˚C. In all experi-
ments, cells were obtained from only one cultivation
and collected from the same flask at the same growth
stage. After 40 h, cells were separated from the med-
ium and residual metal concentrations were moni-
tored by ICP-MS (Perkin Elmer, USA). Experiments
were done in triplicate. The optimum pH and temper-
ature maintained for the growth of micro-organisms
in the batch culture [18].

2.6. Scanning electron microscopy measurements

The surface morphologies of isolate were investi-
gated by scanning electron microscopy (SEM) instru-
ment (JEOL JSM-6060 SEM) combined with energy
dispersive X-ray spectroscopy. The samples mounted
on the plate were kept under vacuum, and then
coated with gold particles before the SEM measure-
ments. SEM micrographs of biosorbent were analyzed
before and after biosorption of Sn. The results were
the mean values of three replicate measurements.

2.7. Analysis of total and outer membrane proteins

The preparation of total and outer membranes
with sodium dodecyl sulfate-polyacrylamide gel elec-
trophoresis (SDS-PAGE) was performed as described
by Djkshoorn et al. [19]. Briefly, cell envelope fractions
were prepared by ultrasonic disruption of cells and
subsequent fractional centrifugation. A discontinuous
system of a 3% stacking and an 11% acrylamide sepa-
rating gel was used for electrophoresis, and after
staining, the profiles were examined visually. The
molecular weights of the total and outer membrane
proteins were estimated from calibration curves pre-
pared using PageRulerTM Plus Prestained Protein
Ladder protein weight marker (Fermentas, Germany).
The gels were stained with coomassie blue. The coo-
massie blue-stained bands on the SDS-polyacrylamide
gel were scanned to estimate the relative amounts of
proteins using an LKB 2202 Ultrascan laser densitome-
ter, and the absorbance of the peaks was recorded on
a LKB 2220 recorder with integrator. The values for
each band scanned at three different places in each
lane were averaged. The area was computed by
the LKB 2220 by dropping a perpendicular from the
trough between the two peaks to the horizontal
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baseline. The reliability of these ratios was confirmed
independently using a graphics tablet with computer
programmed analysis [20].

2.8. Statistical analysis

The data were statistically analyzed using one-way
analysis of variance at p = 0.05. Before statistical analy-
ses were performed, data were tested for normality, if
needed. The obtained data had a normal distribution
and were not distorted before statistical analysis [21].
All statistical analyses were performed with Statistical
Analysis System programs [22].

3. Results and discussion

3.1. Isolation and identification of tin-resistant bacteria

Kırıkkale is a recent province of Turkey in Central
Anatolian region nearby the river Kızılırmak. Kırık-
kale is metallurgically very active since decades. Main
industries in Kırıkkale include state-owned military
arms and ammunition factories, petroleum refineries,
seamless steel pipe plant, mobile power plant, and
chemical plants. The river has been affected by indus-
trial and agricultural heavy metal pollution from the
surrounding facilities and domestic effluents from the
city. Considering natural adaptation theory, industrial
drainage samples were collected from Kızılırmak
around the city Kırıkkale to screen and develop micro-
bial communities having a potency for Sn tolerance
and bioremediation activities. Presumably, bacteria
thriving in wastewater, where heavy metals may be
discharged, face different challenges than those

surviving in a drinking water supply system, where
the organic content and chemical contamination is
absent or at trace levels. Such environmental pressures
may also be responsible for the prevalence of specific
groups of organisms able to deal with the environ-
mental conditions imposed. Although water analysis
results with ICP-MS showed very low concentrations
of Sn (<0.005mg/l), attemps were still made to isolate
Sn-tolerant bacteria by considering the environmental
pressures. For the selective isolation of Sn-tolerant bac-
teria, increased concentrations of SnCl22H2O incorpo-
rated media were used. After the incubation period,
the plates were observed for any kind of growth on
the media. The isolated and distinct colonies on these
selective media were subcultured repeatedly on the
same media for purification. The pure culture was ten-
tatively identified on the basis of their morphological
and biochemical characters. Out of 17 bacterial iso-
lates, only one bacterial isolate showed the maximum
tolerable concentration of 59 μgml−1 of Sn. This might
indicate that spontaneous tin-resistant mutant
occurred at a lower frequency. This single isolate was
designated as Sn11. Gram staining of colonies of Sn11
showed Gram-negative rods, which were motile, cata-
lase positive and oxidase negative with fermenting
sugars and phenotypically identified as Pantoea
agglomerans.

For the further confirmation, cellular FAME profiles
of the isolate were determined. The most abundant
fatty acids in strain Sn11 were C16:0 (26.05%), C16:1 cis 9
(21.16%), C14:0 (4.21%), C17:0 cyclo (2.85%), and C12:0

(2.49%). However, large amount of the summed fatty
acids could not be separated by the GC of MIDI
system. Interpretation of FAME profiles isolated from

Table 1
Comparison of the fatty acid compositions (%) of the isolate Sn11 and other Enterobacteriaceae family members. Taxa: 1,
the isolate Sn11; 2, P. agglomerans LMG 1286, E. amylovora LMG 2024, and P. dispersa LMG 2603, The data for
P. agglomerans LMG 1286, E. amylovora LMG 2024, and P. dispersa LMG 2603 were obtained from Mergaert et al. [24]

Fatty acids Sn11 P. agglomerans LMG 1286 E. amylovora LMG 2024 P. dispersa LMG 2603

C12:0 2.49 3.8 5.1 4.2
C14:0 4.21 6.0 4.9 3.0
C15:0 <1.0 1.1 <1.0 <1.0
C16:0 26.05 27.1 34 30.8
C16:1 cis 9 21.6 24.2 24.5 10.6
C17:0 <1.0 <1.0 1.5 <1.0
C17:0 cyclo 2.85 13.2 9.6 11.3
Summed feature 3a 26.87 11.6 9.8 24.4
Summed feature 3b 14.06 11.2 9.1 9.0

*Summed feature 3 comprises 18:1 trans, 18:1 trans 9, and 18:1 cis.
a16:1 iso and 14:0 3OH.
bThe summed fatty acids cannot be separated by the GLC of MIDI system.
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environmental samples is complicated by the large
number of fatty acids commonly identified and by the
fact that environmental conditions impact the nature of
lipid components that constitute biological communi-
ties [23]. The fatty acid pattern of the strain Sn11 is
shown in Table 1 in comparison with other representa-
tive Enterobacteriaceae species. The fatty acid profile of
strain Sn11 was in agreement with data obtained for
other members of the family [24]. Thereby, confirming
the identity of the isolate Sn11 as a member of the
genus Pantoea. P. agglomerans is member of Enterobacte-
riaceae that inhabits plants, soil, water, and such spe-
cies includes bacteria reported as both commensal and
pathogen of animals and humans [25]. Previously
known under the different names of Enterobacter
agglomerans and Erwinia herbicola, this bacterium is
known to be an opportunistic pathogen in the immu-
nocompromised persons, causing wound, and blood
and urinary tract infections. It is commonly isolated
from plant surfaces, seeds, fruit (e.g. mandarin
oranges), and animal or human feces [26]. It is difficult
to differentiate Pantoea species from other members of
this family, such as Enterobacter, Klebsiella, and Serratia
species. However, Pantoea does not utilize the amino
acids lysine, arginine, and orinthine, a characteristic
that sets it apart from the other genera. Pantoea species
are clearly opportunistic pathogens and rarely cause
disease in the otherwise healthy individuals [27]. As
P. agglomerans is frequently found in water and soil,
our study highlight the fact that surface waters
contaminated with hospital wastes could be a source
of infection.

Distance matrix-based phylogenetic analysis
resulted in the highest correlation of Sn11 with
P. agglomerans DSM 3493 (Table 2). Multiple sequence
alignment analysis of the 16S rRNA sequences with
already available database also confirmed that the
strain Sn11 had 98% homology with P. agglomerans
DSM 3493. Phylogenetically, the closest relatives of the
strain was P. ananatis (97%) as shown in Fig. 1. 16S
rRNA gene sequences allow differentiation between
organisms at the genus level across all major phyla of
bacteria, in addition to classifying strains at multiple
levels, including species and subspecies level.

3.2. Growth characteristics and biosorption ability

The growth curve of the isolate was also con-
structed to determine the difference in their growth
characteristics. The growth of P. agglomerans isolate
was monitored for 44 h and no significant variations
in their growth curve patterns were observed in the
presence 59 μgml−1 of Sn. The highest cell number
20 × 108 was obtained around 38 h in the presence of T
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Sn, while it was at around 21 × 108 at the same hour
without Sn (Fig. 2(a)). Sn sorbed by P. agglomerans was
also investigated. The complete sorption of 59 μgml−1

Sn was recorded at about 20 h which corresponded to
mid-log phase of the growth at 30˚C (Fig. 2(b)).

The biosorption of heavy metal depends on the
higher heavy metal solution taken for the study.

Microbial biomass offers an economical option for
removing heavy metals by the phenomenon of
biosorption [28], therefore, bacterial species are tested
for heavy metal removal and it is found that
Pseudomonas species are able to remove copper and
nickel better than others and lead is removed better
by Staphylococcus species. Wong and So [29] also

Fig. 1. Multiple nucleotide sequence alignment analysis. Asterisks denote identical residues.

Fig. 2. Growth (a) and Sn biosorption (b) curves of P. agglomerans.
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reported the similar result with Pseudomonas species
for removal of copper. Lopez et al. [30] reported that
Pseudomonas fluorescence 4F39 accumulated heavy met-
als very rapidly in the order Cu > Cd > Co > Cr > Pb
[30]. Although it has demonstrated that microalgae,
fungi, and bacteria are able to biosorb and debutylate
tributyltin into less toxic dibutyltin, monobutyltin, and
inorganic tin [31–35], information is still severely
limited [33]. The tributyltin removal efficiency and
degradation ability seemed vary from species to
species [31,34–36].

3.3. Total and outer membrane protein profiles

Micro-organisms possess an abundance of func-
tional groups that can passively adsorb metal ions.
The surface envelopes of bacterial cells can adsorb
various heavy metals by virtue of ionic bonds to
their intrinsic chemical groups. The sites for metal
binding are different according to bacterium
species and metals. SEM evaluation of Sn-resistant
P. agglomerans also indicated an association of bound
Sn with the cell envelope. Although the average cell
size was around 1.38 × 605 nm in the absence of Sn, it
was found out to be 1.45 × 521 nm in the presence of
Sn (Fig. 3(a) and (b)).

SEM micrographs of P. agglomerans indicated accu-
mulation of Sn on the cell surface. For this reason, the
cell envelope proteins of P. agglomerans grown on LB
broth in the absence and presence of Sn were also
extracted and analyzed in our study. Higher expres-
sions were observed in almost all of the total and
outer membrane protein bands observed depending
on the presence of Sn (Fig. 4(a) and (b)).

The walls of bacteria are efficient metal chelators
though a wide spectrum of uptake capacities may be
exhibited. Metal binding may be at least a two-stage
process; first, involving interaction between metal ions
and reactive groups followed by inorganic deposition

of increased amounts of metal. In some bacteria,
metabolism-independent biosorption may be the most
significant proportion of total uptake. Although bio-
sorption is independent of metabolism, it is possible
that a metabolism-dependent microenvironment may
enhance metal deposition. Growing cells have unlim-
ited capacities to cleave organo-metallic complexes,
degrade organic compounds, as well as take up other
inorganic ions such as ammonium, nitrate, and phos-
phate. Further, dissolved and fine-dispersed metallic
elements can also be removed via immobilization. The
isolation and selection of metal-resistant strains shall
be a crucial aspect to overcome the prime constraint
of employing living cell systems. Incidentally, resistant

Fig. 3. SEM images of P. agglomerans incubated in a medium without (a) and with Sn (b), (10.000 × magnification).

Fig. 4. Total (a) and outer (b) membrane protein profiles
of P. agglomerans without (lane 1) and with Sn (lane 2). (M)
protein weight marker; PageRulerTM Plus Prestained
Protein Ladder (from top to down 250, 130, 100, 72, and
55 kDa, respectively).
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cells are expected to bind substantially more metals,
which in turn is a prerequisite for enhanced bioprecip-
itation, intracellular accumulation, and development
of an efficient process [37].

4. Conclusions

Due to industrial expansion, large quantities of
industrial wastes are accumulating in many countries
and cannot be disposed without prior special treat-
ments. In particular, waste products from the mining
and metal refining industries, sewage sludges, and
residues from power station and waste incineration
plants can contain heavy metals at high concentra-
tions. Usually, these heavy metals can be leachated
from the soil to the surface water system at higher
concentrations than they are allowed. For this reason,
they cannot be disposed into wastewaters plant and
must be submitted to special treatment in order to
reduce metal contents. Therefore, the management of
waste sludge produced from the industrial activity
becomes the most important issue of environmental
protection. Micro-organisms play a significant role in
adsorption of heavy metal from contaminated waste-
water. Among heavy metals presents in sludge, Sn is
one of the most common. The present investigations
elucidated that the remediation of Sn-contaminated
freshwaters could be carried out using P. agglomerans.
The species may provide an interesting option to
remediate Sn and act as an effluent bioremediator.
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