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Abstract Biosorption, using cadmium-resistant bacterial

isolates, is often regarded as a relatively inexpensive and

efficient way of cleaning up wastes, sediments, or soils

polluted with cadmium. Therefore, many efforts have been

devoted to the isolation of cadmium-resistant isolates for

the efficient management of cadmium remediation pro-

cesses. However, isolation, identification and in situ

screening of efficient cadmium-resistant isolates are pri-

mary challenges. To overcome these challanges, in this

study, cadA, cadmium resistance coding gene, specific

primers and DNA probes were used to identify and screen

cadmium-resistant bacteria in the cadmium-polluted river

waters through polymerase chain reaction (PCR) and flu-

orescein in situ hybridization (FISH). PCR amplification of

the cadA amplicon coupled with 16S rRNA sequencing

revealed various gram-positive and -negative bacterial

isolates harboring cadA. Accordingly, a cadA-mediated

DNA probe was prepared and used for in situ screening of

cadmium-resistant isolates from water samples collected

from cadmium-polluted river waters. The FISH analyses of

cadA probe showed highly specific and efficient

hybridization with cadA harboring isolates. The use of

primers and DNA probes specific for cadA gene seems to

be very helpful tools for the selection and screening of

cadmium biosorbents with potential to be used in the

remediation of cadmium-polluted sites.

Keywords Cadmium biosorbents � cadA � cadA primers �
cadA probe

One of the most toxic pollutants in our environment is the

heavy metal element cadmium that has been classified by

the World Health Organisation (WHO) to be of serious

health concern. Apart from the itai–itai disease which is a

manifestation of cadmium toxicity in humans, kidney

dysfunction, hepatic damage and hypertension are also

other health implications of cadmium (Klaassen 2001).

Cadmium metal, its alloys and compounds have been used

in a variety of different industrial and consumer products,

although most uses are now declining due to concerns

about its toxicity. A major source of cadmium in the

environment is the discharge of untreated industrial efflu-

ents from industries such as paint, plating, fertilizers,

mining, textile dyeing, textile processing, automobile

manufacturing and cadmium processing (Habib-Ur-Rah-

man et al. 2006). Thus the treatment or purification of

cadmium-polluted water and effluents is one of the major

areas of active research (Rao et al. 2010; Kheriji et al.

2015). According to WHO’s recommendation cadmium

limit in drinking water is 5 lg L-1. Several conventional

methods such as coagulation/flocculation (Amuda et al.

2006), cementation (Younesi et al. 2006), membrane sep-

aration (He et al. 2007), oxidation (Rangel-Mendez et al.

2000) reverse osmosis (Kumar et al. 2009), chemical pre-

cipitations (Ku and Jung 2001), ion exchange (Kocaoba

2007) and the use of activated charcoal (Nadeem et al.

2009) have been in use over the years for the removal of

cadmium from wastewater. However, some of these tech-

nologies cannot be effective for complete removal of the

cadmium or are too expensive. Another powerful technique

for cadmium remediation is biosorption that utilizes vari-

ous natural materials of biological origin, including bac-

teria, fungi, yeast, algae, etc. These biosorbents possess

metal-sequestering properties and are highly helpful to

decrease the concentration of heavy metal ions in solution
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(Wang and Chen 2006). Over conventional treatment

methods, biosorption is advantageous with low cost, high

efficiency of metal removal from dilute solution, no addi-

tional nutrient requirements, recycling of the biosorbent

and possibility of cadmium recovery. The cadmium-resis-

tant biological materials that have been investigated for

cadmium uptake include fungi, bacteria, yeast, microalgae

and others (Hrynkiewicz et al. 2015). Many microorgan-

isms are able to immobilize toxic metals by a precipitation

process through the formation of metal complexes,

biosorption to an extracellular membrane ligand, or

bioaccumulation by energy dependent transport system.

This can result in the direct conversion of metal pollutants

from a soluble mobile form to a sparingly soluble or less

bioavailable form and facilitate the removal of metals from

aqueous solutions. As in the cadmium resistance through

efflux mechanism encoded by cadA gene is needed for

effective cadmium biosorption. Resistant cells are expected

to bind substantially more metals, which in turn is a pre-

requisite for enhanced bioprecipitation, intracellular accu-

mulation, and development of an efficient process (Malik

2004).

Cadmium resistance in bacteria is mediated by several

genetical systems (Naz et al. 2005) and the well-studied

one is the cadmium efflux system encoded by cadmium-

resistant gene cadA (Zhang et al. 2008). The homologs of

cadA gene were reported to be widespread in gram-posi-

tive bacteria such as Staphylococcus aureus, Bacillus

firmus, Listeria monocytogenes and Lactococcus lactis

(Blencowe and Morby 2003), and in gram-negative bac-

teria Stenotrophomonas maltophilia (Pages et al. 2008) and

Pseudomonas sp. (Lee et al. 2001). The cadA homologs are

carried by plasmids in L. lactis and L. monocytogenes and

on the chromosome in B. firmus. The cadA gene has also

been found on the chromosome of the gram-negative spe-

cies, S. maltophilia, upstream of an IS257 insertion

sequence (Oger et al. 2003). The flanking insertion

sequences and the unusual GC content of the locus lead to

the conclusion of lateral transfer of cadmium-resistant

genes from a gram-positive to this gram-negative bacteria

(Alonso et al. 2000). This conclusion was further supported

by the findings of Oger et al. (2003) who showed that

exposure to a toxic concentration of dissolved cadmium

enhances the expression of cadA gene in cadmium-resis-

tant bacteria. Bacteria harboring cadA gene evidences the

mechanism of cadmium biosorption to avoid re-entry of

cadmium into the cell, once that the efflux of the metals is

accomplished (Maynaud et al. 2014). Although the basis of

cadmium resistance for most of the bacteria has not been

well-characterized yet, the findings of lateral transfer of

cadmium-resistant genes and presence of cadA homologs

in several bacterial genome suggest that cadA plays a

broader role in cadmium resistance and provides a good

target for the selection of cadmium biosorbents with

potentials to be used in the remediation strategies of cad-

mium-polluted sites. Therefore, in this study, cadA-specific

primers and DNA probes were used to identify and screen

cadmium biosorbents isolated from cadmium-polluted river

waters through polymerase chain reaction (PCR) and

fluorescein in situ hybridization (FISH), respectively.

Materials and Methods

Water samples were collected from 12 stations along the

river Kızılırmak extending from 39�22016.3900N, 33�
26049.2600E, 890 m to 39�57022.9800N, 33�25004.3500E,

679 m of the city Kırıkkale, Turkey. For cadmium analysis,

as indicated previously by Icgen and Yilmaz (2014), the

samples were put in high density polyethylene containers

previously washed in a solution of 10 % nitric acid in an

ultrasonic bath for 15 min, followed by repeated rinsing

with distillated water and finally rinsing with ultrapure

water. Until collection containers were kept in sealed

polyethylene bags. Water samples were stabilized with

ultrapure nitric acid (0.5 % HNO3). For accurate determi-

nation of concentrations of cadmium in waters, a quanti-

tative method was used, therefore a multi-standard

calibration method was applied: Perkin Elmer

10 mg mL-1 of seventeen metals (ICP-MS Standard,

Matrix: 5 % HNO3, Perkin Elmer Life and Analytical

Sciences), a standard of 10 mg mL-1 metal solutions

(metal standard 5 % HNO3 matrix, Perkin Elmer). All the

determinations were done with inductively coupled plasma

mass spectrometry (Perkin Elmer Elan DRC-ICP-MS) in

triplicate and results were expressed as mean.

For microbial analysis, water samples were put into

sterile screw capped bottles aseptically, kept in an icebox

containing ice packs and taken immediately to the labo-

ratory. A quantity of 1 mL of water from each of the col-

lected samples was dissolved in 9 mL sterile distilled water

and serial dilutions were made. Each dilution was plated on

nutrient agar (NA) plates supplemented with 326 mM of

cadmium containing Cd(NO3)2�4H2O were used. Stocks of

Cd(NO3)2�4H2O were prepared in distilled water, sterilized

by filter membrane (0.22 lm), and stored at 4�C. Plates

were incubated at 30�C for 3 days and colonies differing in

morphological characteristics were selected. After the

growth of different microorganisms on the plate, each

bacterial colony on the basis of its morphological charac-

teristics was picked up and further purified by repeated

streaking on nutrient agar plates and identified with 16S

rRNA sequencing. Extraction of DNA from selected

colonies was performed by using High Pure PCR Template

Preparation Kit (Roche, Germany) following the manu-

facturer’s instructions. Bacterial 16S rRNA was amplified
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by using the universal bacterial 16S rRNA primers, 27F 50-
AGAGTTTGATCCTGGCTCAG-30 and 1492R 50-
GGTGTTTGATTGTTACGACTT-30 (Lane et al. 1985).

PCR was performed with a 50 lL reaction mixture con-

taining 1 lL (10 ng) of DNA extract as a template, each

primer at a concentration of 5 mM, 25 mM MgCl2 and

dNTPs at a concentration of 2 mM, as well as 1.5 U of Taq

polymerase and buffer used as recommended by the man-

ufacturer (Fermentas, Germany). After the initial denatu-

ration for 5 min at 94�C, there were 35 cycles consisting of

denaturation at 94�C for 1 min, annealing at 55�C for

1 min, extension at 72�C for 1 min, and final extension at

72�C for 5 min. PCR was carried out in a gene Piko

Thermal Cycler (Thermo Scientific, USA). The obtained

PCR products were purified, using the GeneJETTM PCR

Purification Kit (Fermentas, Germany), according to the

instructions of the manufacturer and sequenced. The PCR

product was sequenced by 3730x1 DNA synthesizer (Ap-

plied Biosystems, USA). The two 16S rRNA sequences

were aligned and compared with other 16S rRNA genes in

the GenBank by using the NCBI basic local alignment

search tools BLASTn program (Benson et al. 2002).

Water samples were put into sterile screw capped bottles

aseptically, kept in an icebox containing ice packs, and taken

immediately to the laboratory. Total DNA was extracted by

using the method of Tan and Yiap (2009). DNA extractions

were used for the amplification of cadA gene through PCR.

The DNA of previously identified cadmium-resistant isolates

Staphylococcus warneri and Delftia acidovorans was used as

a positive control of the cadA gene. The cadA gene was

amplified by using primers cad1 (CAAAYTGYGCRG

GHAARTTYGA) and cad2 (AACTAATGCACAAGG

ACA) (Oger et al. 2001). PCR was performed as stated above.

The purified PCR products were electrophoresed and sepa-

rated on a 1.0 % agarose gel. The gel was visualized under UV

after staining with ethidium bromide. The DNA extracted

from cadA positive isolates were amplified by using the uni-

versal bacterial 16S rRNA primers as stated above. The 16S

rRNA sequences were aligned and compared with other 16S

rRNA genes in the GenBank by using the NCBI basic local

alignment search tools BLASTn program (Benson et al.

2002). A distance matrix was generated using the Kimura two-

parameter using MEGA version 5.2 (Shigematsu et al. 2003).

The 16S rRNA gene sequences have been deposited to Gen-

Bank using BankIt submission tool and has been assigned with

NCBI accession numbers.

The cadA-specific DNA probe was designed from the

entire 3.5 kb BglII-XbaI fragment of cadA operon from

pI258 by using Vector NTI Express Software (Life Tech-

nologies, USA). Obtained sequences were subsequently

confirmed for their specificity to cadA gene in S. aureus by

using BLAST. The designed 36 bp DNA fragment

(50-GCAGTATCCGTTCCAGCACCGCCCATTGCAATT

CCA-30) was labelled with fluorescein isothiocyanate

(FITC) at the 50 end (Alpha DNA, Montreal, Canada).

Cadmium-resistant S. warneri and D. acidovorans isolates

were used to calibrate the optimal hybridization stringency

for the target genera to the cadA probe used. E. coli DH5a
was used as negative control. 16S rRNA-targeted

oligonucleotide probe sequences were selected from those

deposited at probeBase (Loy et al. 2003). The following

16S rRNA-targeted oligonucleotide probes and hybridiza-

tion conditions were used: (1) EUB338 (Daims et al. 1999),

(2), EUB338 II (Wallner et al. 1993), (3) EUB338 III

(Wallner et al. 1993), (4) NON338 (Schleifer et al. 1992) as

a negative control and (5) cadA probe. All probes were

commercially synthesized and labelled with FITC at the 50

end (Alpha DNA, Montreal, Canada). 5 lL fixed samples

were spotted on glass slides and dried at 45�C for 30 min

and finally dehydrated sequentially in 50 %, 80 % and

96 % ethanol for 3 min each (Amann et al. 1990). All

in situ hybridizations were performed according to the

procedure described by Amann (1995). To determine the

total bacteria present in the samples, each slide was

counter-stained with 10 lL DAPI (4,6-diamidino-2-

phenylindole dihydrochloride) solution (1 lg mL-1) for

15 min at room temperature, rinsed with deionized water

and allowed to air-dry prior to microscopic observation.

For in situ application, optimal stringency conditions were

adjusted for each FITC-labelled probe performing whole

cell hybridizations using target and nontarget organism(s).

The hybridization stringency was gradually increased by

the addition of formamide to the hybridization buffer in

concentration steps of 5 % (v/v) according to Wagner et al.

(1994). The sodium chloride concentration was adjusted

according to the formamide concentration used in the

hybridization buffer.

The cadA harboring postive control pure culture S.

warneri and D. acidovorans cells were observed by a Leica

DM 5000B fluorescence microscope equipped with A and

I3 two filter sets: A was used for total microorganisms in

samples stained by DAPI and filter set I3 for isolates

hybridized with FITC-labelled cadA probe. Triplicate

images were captured with CCD camera and saved in Leica

QWin Plus software. The captured digital images were first

processed using Microsoft Photoshop, in which the blur (or

out-of-focus) areas were removed. The pixel areas of green

region conferred by FITC-labelled cadA probe and blue

region conferred by DAPI were counted separately for each

image. Based on the quantification of pixel areas of images,

cadA was determined as follows (Li et al. 2007);

cadAð%Þ ¼ Pixel area of FITC image

Pixel area of DAPI image

% of cadA was calculated using average values of taken

images for pixel areas of FITC probe and DAPI. Before the
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calculation, the pixel areas were subtracted by the areas of

non-binding probe (NON338) to remove autofluorescence

and background interference Daims et al. 1999). In this

study, the total amount of cadA was assumed as the images

conferred by oligonucleotide probe cadA and the total

amount of positive control pure culture biomass was the

images conferred by DAPI stained cells. After optimization

of hybridization conditions for cadA probe with pure cul-

tures of positive controls, the collected water samples were

also screened for the cadA harboring isolates by using

FISH.

All statistical analyses were performed using Origin Pro

8.5 software (OriginLab Corporation, Northampton, Mas-

sachusetts, USA). The significance of all parameters in the

regression analyses presented has been verified (p\ 0.05

significance level) by one-way analysis of variance

(ANOVA) and Tukey test.

Results and Discussion

The Kızılırmak River has been affected by industrial and

agricultural heavy metal pollution from the surrounding

facilities and the domestic effluents from the city Kırıkkale,

in Turkey. For this reason, water samples of the river from

12 different stations (Fig. 1; Table 1) collected starting

from the June of 2011 till the June of 2012. Significant

variations observed in the concentrations of cadmium in

the river water were probably the result of industrial

operations and the subsequent accumulation of pollutants.

The annual loads of cadmium showed variations in

between 0.005 and 0.977 mg L-1 (Table 2). Higher levels

of cadmium in aerobic waters are usually associated with

industrial pollution. For this reason, the samples collected

from these stations were further used for the selective

isolation of cadmium-resistant isolates. Waters from the

vicinity of cadmium-bearing mineral deposits may have

cadmium concentrations of C1000 lg L-1. Faroon et al.

(2012) reports that the cadmium concentration of natural

surface water and groundwater is usually \1 lg L-1.

Water sources near cadmium-emitting industries, both with

historic and current operations, have shown a marked

elevation of cadmium in water bodies (Brumbaugh et al.

2005). Additional releases of cadmium to the environment

occur from natural sources and from processes such as

combustion of fossil fuel, incineration of municipal or

industrial wastes, or land application of sewage sludge or

fertilizer (Järup 2003).

During selective isolation and identification of cad-

mium-resistant isolates various colonies were collected

from the selective medium. Based on the phylogenetic

analysis of the collected colonies cadmium-resistant iso-

lates of Staphylococcus aureus, Staphylococcus warneri,

Micrococcus luteus, Delftia acidovorans, Pantoea

agglomerans, Enterococcus faecalis, several Acinetobacter

and Pseudomonas spp. were identified. Staphylococci are

ubiquitous and widespread in the environment. S. aureus, a

coagulase-positive species which produces a series of other

enzymes and toxins, is the best known and has been fre-

quently implicated in the etiology of a series of infections

and intoxications in animals and humans (Cunha et al.

2004). S. warneri and other coagulase negative staphylo-

cocci have been recognized less frequently as significant

human pathogens (Arslan et al. 2011). Micrococcus is

routinely isolated from skin, but can also be found in soil,

sediments, marine and fresh water (Dib et al. 2010). D.

Fig. 1 Location of the river Kızılırmak in Turkey (a) and sampling locations on Kızılırmak in Kırıkkale city (b). Arrow indicates the river.

Numbers indicate the sampling stations
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acidovorans is an aerobic bacterium from the genus of

Comamonas previously classified within the genus Pseu-

domonas (Chou et al. 2007). Pseudomonads are ubiquitous

group of environmental bacterial organisms. P. agglomer-

ans is member of Enterobacteriaceae that inhabits plants,

soil, water and such species includes bacteria reported as

both commensal and pathogen of animals and humans

(Cerit et al. 2015). Generally, E. faecalis is common in the

feces of humans and birds and rare in the feces of other

animals (Kuntz et al. 2004). The presence of enterococci in

the water is indicative of fecal pollution. Acinetobacter

spp. are a major concern because of their rapid develop-

ment of resistance to a wide range of antimicrobials, ability

to transform rapidly, surviving desiccation, and persistence

in the environment for a very long time (Doughari et al.

2011).

Out of 28 water samples collected from the cadmium-

polluted stations, only 15 isolates were found to harbor

cadA gene (Fig. 2a, b). The rest of the isolates did not

contain cadA gene after PCR amplification. For the iden-

tification of cadA containing amplicons, 16S rRNA

sequencing was used. The distance matrix generated

highlighted the distances among the sequences aligned

(Data not shown). These distances were used for the phy-

logenetic analysis and the 16S rRNA gene sequences were

deposited to GenBank using BankIt submission tool. Based

on the phylogenetic analysis, the cadA harboring isolates

with their respective NCBI accession numbers were iden-

tified as follows: two Staphylococcus spp. (S. aureus Al11

[KJ395360] and S. warneri Co11 [KJ395373]), two M.

luteus Sr02, Sr11 (KJ395374 and KJ395375), one D. aci-

dovorans Cd11 (KJ209817), P. agglomerans Sn11

(KJ395361), one E. faecalis Pb06 (KJ395380), 4 Acineto-

bacter spp. (A. johnsonii Sb01 [KJ395376], A. cal-

coaceticus Fe10 [KJ395366], two A. haemolyticus Mn12,

Zn01 [KJ396367 and KJ395368]) and 4 Pseudomonas spp.

(P. plecoglossicida Ag10 [KJ395363], P. corrugata

SDS10-3 [KJ937676], two P. koreensis SDS4, SDS10-1

[KJ937669, KJ937674]).

The cadA gene provides resistance to cadmium by an

energy dependent efflux mechanism. The cadA protein is a

Cd2?/ATPase transporter, containing the eight transmem-

brane domains characteristic of P-class ATPases (Argüello

et al. 2007). The cadA gene has been reported mostly in

gram-positive bacteria (Lee et al. 2001; Oger et al. 2003).

Lee et al. (2001) and Alonso et al. (2000) also showed the

Table 1 Sampling stations of

the Kızılırmak River used in the

study

Station number Station name Latitude (N) Longitude (E)

1 Kesikkopru Dam 39�22016.3900N 33�26049.2600E

2 Kesikkopru Weir 39�23043.9800N 33�25038.2400E

3 Erdemli-Sarımusalli 39�26003.3000N 33�24008.4300E

4 Akkosan 39�28039.4600N 33�24026.7300E

5 Egribuk-Akkosan 39�31009.8700N 33�24039.3200E

6 Bucakyazı 39�34034.3900N 33�26011.6100E

7 Sulubuk 39�37002.3400N 33�26038.2600E

8 Kapulukaya Dam 39�39053.0400N 33�28055.4600E

9 Kapulukaya Weir 39�43059.0100N 33�28025.6300E

10 Sand Pit 39�48038.9700N 33�29014.5700E

11 Slaughterhouse 39�50028.4100N 33�28002.1300E

12 Irmak 39�57022.9800N 33�25004.3500E

Table 2 Average cadmium concentrations (mg L-1) in the water samples

Seasons Stations

1 2 3 4 5 6 7 8 9 10 11 12

Summer –a nd –a –a nd nd nd nd nd nd nd nd

Autumn –a nd nd nd nd nd nd nd nd nd nd nd

Winter –a –a nd –a nd nd nd 0.078 ± 0.005 0.006 ± 0.002 nd 0.977 ± 0.007 0.005 ± 0.001

Spring nd nd nd –a nd nd –a nd nd nd nd nd

0.005 mg L-1 detection limit of cadmium

± SD

nd not determined
a Below the quantification limit
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presence of cadA gene in gram-negative bacteria. The

flanking IS257 sequences were explained as the reason for

the presence of a cadA gene in S. maltophilia by Alonso

et al. (2000). Our results also supported the presence of

cadA gene in both gram-positive and -negative bacteria. In

this study, we showed the presence of cadA gene in gram-

positive (S. aureus, S. warneri, M. luteus and E. faecalis)

and gram-negative (D. acidovorans, P. agglomerans, A.

johnsonii, A. calcoaceticus, A. haemolyticus, P.

plecoglossicida, P. corrugata, P. resinovorans and P.

koreensis) surface water isolates. As stated Oger et al.

(2003) cadA harboring bacteria seem to be members of

different species or even genera and most have never

previously been reported to be carriers of the cadA gene.

The prokaryotic heavy metal-translocating ATPases

detoxify the cell cytoplasm by effluxing the divalent ions of

cadmium, (Nies 2003). The presence of ATPase genes on

mobile genetic elements like plasmids and transposons in

both Gram-positive bacteria and Gram-negative bacteria

has been shown previously (Nucifora et al. 1989). Analysis

of completed microbial genomes has indicated that hori-

zontal gene transfer is an important factor contributing to

the innovation of microbial genomes. Due to the horizontal

transfer of resistance genes among bacteria, the cadA may

Fig. 2 The cadA gene harboring surface water isolates; E. coli DH5a
(negative control) lane 1, M. luteus Sr01 lane 2, M. luteus S111 lane

3, D. acidovorans Cd11 lane 4, S. warneri Co11 lane 5, S. aureus

Al11 lane 6, P. corrugata SDS10-3 lane 7, A. haemolyticus Mn12

lane 8, A. johnsonii Sb01 lane 9, A calcoaceticus Fe10 lane 10, E.

faecalis Pb06 lane 11, A. haemolyticus Zn01 lane 12, P. plecoglos-

sicida Ag10 lane 13, P. agglomerans Sn11 lane 14, P. koreensis

SDS4 lane 15, P. koreensis SDS10-1 lane 16. M marker gene ruler

200–1500 bp (Top-Bio Prague, Czech Republic), arrows indicate

cadA gene

Fig. 3 FISH analyses to localize all bacteria; cadA probe applied to

pure cultures of D. acidovorans (a1), S. warneri as positive controls

(b1), E.coli DH5a as a negative control (c1), water sample (d1) and

their corresponding total cell populations stained with DAPI (a, b, c,

d), respectively. Bar 10 lm and applies to all photomicrographs
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be hosted by various bacteria in the environment for a long

time and needs to be more accurately assessed.

The determination of bacterial community composition

and their activities in nature is fundamental but has long

been a challenge to scientists. FISH has provided infor-

mation about absolute abundance, morphology, and cell

size of bacteria with defined phylogenetic affiliations and

been applied to the investigation of community composi-

tion in lakes, oceans, activated sludge, and drinking water

(Wagner et al. 1994; Amann 1995; Kalmbach et al. 1997;

Pernthaler et al. 1997). In the current study, cadA% was

determined by calculating the pixel areas (pp2) of DAPI

and FITC images of cadmium-resistant pure culture iso-

lates by using FISH. Under the hybridization conditions of

46�C, 50 % formamide and 0.028 M NaCl, the designed

cadA probe appeared to be highly specific to the cadA

positive S. warneri and D. acidovorans isolates tested

(Fig. 3). Our results indicated that cadA probe was highly

efficient up to 90.7 % ± 0.98 % (p[ 0.05) for the selec-

tion of cadA harboring pure culture isolates. Non-target

bacteria only gave 3.50 % ± 0.69 % (p[ 0.05)

hybridization with cadA probes. Water samples collected

from cadmium-polluted river water were also checked for

the screening of cadA harboring isolates. The results

showed that cadA probe was also successful for screening

of cadA harboring isolates in surface waters.

Bacterial biosorption is mainly used for the removal of

pollutants from effluents contaminated with pollutants that

are not biodegradable, like metals ions. Many researchers

have studied biosorption performance of different micro-

bial biosorbents to implement biosorption technologies for

heavy metal removal from solutions. The extent of

biosorption not only depends on the type of metal ions, but

also on the bacterial genus. It is well known that many

microbial biosorbents usually lack specificity in metal-

binding, which may cause difficulties in the recovery and

recycling of the desired metal ions. Therefore, the isola-

tion, screening and harvesting of microbial biosorbents

specific for heavy metals on a larger scale may be com-

plicated. The use of tools like specific primers and DNA

probes, on the other hand, are very helpful to select these

microbial biosorbents with potential to be used in reme-

diation strategies to solve these difficulties.

The consequences arising from cadmium overuse and

subsequent disposal in waterways are of serious concern.

Biosorption of cadmium seems to be an efficient and inex-

pensive method for successful removal of this heavy metal in

surface waters providing that the biosorbent isolates are

available. In this study, we showed that, the isolation, iden-

tification and screening of potential cadmium biosorbents in

cadmium-polluted surface waters could be managed by

using cadA-specific primers and DNA probes. PCR ampli-

fication with cadA-specific primers revealed the presence of

cadA gene in both gram-positive (S. aureus Al11, S. warneri

Co11, M. luteus Sr02, Sr11 and E. faecalis Pb06) and gram-

negative (D. acidovorans Cd11, P. agglomerans Sn11, A.

johnsonii Sb01, A. calcoaceticus Fe10, A. haemolyticus

Mn12, Zn01, P. plecoglossicidaAg10,P. corrugata SDS10-

3, and P. koreensis SDS4, SDS10-1) surface water isolates.

The cadA-mediated DNA probe showed high efficiency for

the selection of cadA harboring isolates in pure cultures and

cadmium-polluted water samples. Use of cadA-specific

primers and DNA probes seem to be highly efficient for the

selection and screening of cadmium biosorbents with

potentials to be used in remediation strategies. However, the

relative importance of these biosorbents in cadmium reme-

diation strategies of soil, sewage and WWTPs remains to be

assessed.
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