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ABSTRACT
This paper describes the growth characterization of consortium culture (CC) comprising an
acclimatized mixed bacterial culture in aqueous solution containing heavy metal ions,
namely Cd(II), Cr(VI), Cu(II), Ni(II), and Pb(II). Microscopy and biochemical tests
performed revealed that consortium culture (CC), an environmental mixed bacterial culture
to predominantly consist of six Gram negative (Pseudomonas sp, Serratia sp,
Flavobacterium sp, Chryseomonas sp, Xanthomonas sp, and Agrobacterium sp) and three
Gram positive (Bacillus sp, Arthrobacter sp, and Micrococcus sp) bacteria. The isolates are
combination of strains that have been screened intensively and developed from a pool of
mixed cultures isolated from point and non-point sources of areas related to metal-based
activities. As the extent of heavy metal removal by CC has been characterized elsewhere, we
focused into factors that contribute to efficient and effective metal loading. Physiological
changes were apparent in CC as significant increase in flocculation index (IF) and decrease
in degree of hydrophobicity were observed (p < 0.05) in cells grown in the presence of
metals, determined from the flocculation test and bacterial adhesion to hydrocarbon (BATH)
method. Analysis by Fourier transformed infra-red (FTIR) not only revealed the existence of
an array of functional groups (i.e. amides, amines, carboxyls, carbonates, phosphates,
sulfhydryls, and sulfates) that are known to facilitate metal binding but also the emergence
of two new peaks in the presence of metals, one that corresponds to C=O stretch, possibly of
carboxyl or carbonate in nature, and a second yet to be identified peak. The information is
useful for bioremediation applications of wastewater treatment by understanding the effects
exerted by the presence of heavy metals towards growth of bacterial cells.
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the natural
population1.

INTRODUCTION
Bacterial population from the natural
environment can be exploited for treating
heavy metal containing wastes. Indigenous
community of microorganisms from a
particular polluted area usually exhibits the
ability to thrive in extreme and toxic
conditions. The presence and the exposure to
toxic substances such as heavy metals for a
certain period of time is known to encourage

selection

of

a

resistant

It has generally been recognized that
bacterial cell structure and composition offer
much advantage in the interaction of heavy
metals due to the presence of a variety of
chemical moiety on the cell wall, plasma
membrane, outer membrane, as well as
exopolymers. The presence of many
functional groups acts as binding site and
heterogeneous nucleation site for the binding
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and formation of heavy metal crystals2. The
groups include amongst others, hydroxyl,
carbonyl, carboxyl, sulfhydryl, thioether,
sulfonate, amine, imine, amide, imidazole,
phosphonate, and phosphodiester groups.
Furthermore, some morphological and
physiological changes in bacteria have been
observed when exposed to metals. The
production of exopolymers or biopolymers,
which promotes flocculation, is sometimes
related to the cell’s defence mechanisms as it
immobilizes toxic heavy metal ions thus
inhibiting them from entering the cell3.
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MATERIAL AND METHODS
Source of bacterial biomass
The bacterial biomass was prepared from
a bacterial mixed culture, collectively known
as consortium culture (CC). The mixed
culture was initiated once, from a pool of
bacterial strains isolated from point and nonpoint sites of areas related to metal-based
activities and maintained throughout the
course of the study7.
Media and Growth conditions
Consortia culture was maintained in a
basal medium containing yeast extract (0.5
g/L), peptone (0.5 g/L), and NaCl (8.5 g/L)
as either a growth culture or an acclimatized
culture, with fortnightly media refreshments.
The acclimatized culture was enriched
initially with 1 mg/L of each Pb(II), Cu(II)
and Cr(VI), and the amounts were
subsequently increased to 10 mg/L each. The
growth culture on the other hand had no
added metals and thus encouraged maximal
biomass production. The cultures were
maintained at room temperature (28 – 30 oC)
at initial pH of 6.8 ± 0.2. Bacterial growth
was monitored by optical density (OD) at
600 nm (spectrophotometer, Hitachi U1100)
and by plate counts.

The ability of consortium culture
(CC) to effectively sorb heavy metal ions i.e.
Cr(VI), Cu(II), and Pb(II) from aqueous
solution have been described previously4,5.
Successful removal of heavy metal ions by
bacterial cells is influenced by many interrelated factors amongst others, the surface
specific properties of the biomass and types
of microorganisms, the physico-chemical
properties of the solution, form of metal
species encountered and competition for the
binding sites6. The utilization of Gram
positive and Gram negative bacteria which
are known to have significant differences in
their physical peripheral and responses to
heavy metals presence, both metabolically
and physiologically is potentially useful. We
report the characterization of consortium
culture’s
cell
flocculation
capability
and hydrophobicity, as well as surface
properties when grown in the presence
of heavy metal ions.

Cell preparation
To prepare starter inoculum, aliquots
(0.5% v/v) from growth and metal
acclimatized cultures were each inoculated
into 10 mL nutrient broth (NB) at initial pH
of 6.8 ± 0.2 and incubated under static
conditions at room temperature for 48 h. Cell
biomass was separated by centrifugation
(4000 rpm, 10 min); pellets were washed,
recentrifuged and rinsed twice before
resuspended in NB. An inoculum size of 1%
(v/v) using cell density standardized at OD600
of 0.500 (containing approx. 107 cells/mL)
was used.

Objectives
1. To identify and characterize component
isolates and dominant isolates in CC.
2. To determine the effect of heavy metals
on cell flocculation capability.
3. To determine the effect of heavy metals
on cell hydrophobicity.
4. To characterize cell surface properties in
terms of functional groups available.
9
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acclimatized cells was centrifuged (Hettich
Mikro-12-24 Zentrifugen) at 10 000 rpm for
5 min. The supernatant was discarded and
the pellet re-centrifuged. This step was
repeated twice in order to eliminate media or
metal residues. Final pellet was resuspended
in 0.5-1 mL of ddH2O. One hundred µL
aliquot was dropped onto a Whatman
membrane filter (diameter: 25 mm; pore size:
0.22 µm) placed on an aluminum stub and
dried overnight at 35 oC. The stub was
sputter-coated with Ar gas at 0.1-0.05 torr for
1 min and coated with Au to a thickness of 2
µm for 1.5 min at 26 oC and viewed.

Stock solutions of metals
Stock solutions (1000 mg/L) were
prepared from the following salts; Cd(II)
from Cd(NO3)2.4H2O, Cr(VI) from K2CrO4,
Cu(II) from Cu(NO3)2 2.5H2O, Ni(II) from
Ni(NO3)2.6H2O, and Pb(II) from Pb(NO3)2 in
NANOpure ddH2O. Working solutions were
prepared by diluting the stock solutions to
the desired concentrations in ddH2O.
Concentrations of Cd, total Cr, Cu, Ni, and
Pb in the medium were determined by atomic
absorption spectrophotometer (AAS; Perkin
Elmer 1100B).

Biomass characterization
•

•

Identifying dominant isolates

Transmission electron microscopy of CC

In order to characterize the physical
structure of consortium culture in terms of
exopolymer structures, cell flocculation and
aggregation, and effects of metals, cells were
subjected
to
transmission
electron
microscopy (TEM; Hitachi H-7100 EM).
Samples were placed on Formvar coated
200-mesh copper grids. Control cells
(unexposed to metals) were stained with 2%
methylamine tungstate to observe cellular
outline, while test cells were not stained and
the electron scattering/dense areas produced
by sorbed metals acted as contrasting agent.

Spread and streak plate were performed
on nutrient agar (NA) continuously
throughout the course of study accompanied
by Gram staining and microscopic
observation to facilitate dominant isolate
determination and identification. Standard
biochemical tests were carried out in
accordance to Bergey's Manual of
Determinative Bacteriology8. Biochemical
profiles of the dominant isolates in CC were
obtained through APILAB Plus kit that
consists of API 20E strips (for
Enterobacteriaceae and other Gram-negative
isolates), API 20NE strips (for non-enteric
and other Gram-negative isolates), API 50
CH strips (carbohydrate tests), and API 50
CHB media (for Bacillus sp.). The accuracy
of these tests was counter-checked with a
known laboratory strain i.e. K. pneumoniae
subsp. pneumoniae (Schroeter) Trevisan
ATCC 25597.
•
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•

Determining the index of flocculation

Three sets of cells were grown in NB.
Set A – Control (cells grown without any
metals), set B – cells grown in the presence
of Cr (10 mg/L), Cu (10 mg/L) and Pb (10
mg/L) and set C – cells grown in the
presence of Cd (10 mg/L), Cr (10 mg/L), Cu
(10 mg/L), Ni (10 mg/L) and Pb (10 mg/L).
One hundred µL of aliquot was inoculated
into the NB and final volume made up to 10
mL. Initial pH was set at 6.8 ± 0.2 and
incubated for 24 h at room temperature
statically. All tests were done in triplicates
and the appropriate controls were included.

Scanning electron microscopy of CC

In order to view the population structure
of consortium culture, cells were subjected to
scanning electron microscopy (SEM; Philips
XL30 Series). One mL aliquot of the
10
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After 24 h, the tubes were shaken for
10 sec to ensure uniform mixing before 1-2
mL of aliquots was taken for OD reading at
600 nm (A0). The tubes were left at room
temperature for 90 min (t) to allow cells to
settle9. Following this, 3-5 mL of the upper
portion of the solution was extracted out by
using a sterile pipette without disrupting the
cell pellet and OD600 recorded (At). Index of
flocculation (% IF) is calculated as shown
below10:
Index of flocculation (%) = A0 - At x 100%
A0
A0 : Biomass density at t0 measured at OD600
At : Biomass density at t (after cell
sedimentation) measured at OD600
Adhesion (%) =

•
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Determining the degree of hydrophobicity

Three sets of cells were prepared and
grown
as
described
above
and
hydrophobicity was determined using
bacterial adhesion to hydrocarbons method
(BATH)10. After 24 h incubation at room
temperature, the pellet is separated from the
supernatant (4000 rpm, 10 min) and
suspended in 5 mL of saline. Four mL of the
cell suspension is transferred into a test tube
containing 1 mL of n-octane. The mixture
was vortexed for about 60 s and left to settle
for 30 min. Following this, the cell density in
the aqueous and liquid phase was compared
by measuring the OD at 400 nm. Percentage
bacterial adhesion to hydrocarbon is
calculated as shown below:

[(OD400 cells free of n - octane)-(OD400 aqueous)] x 100%
(OD400 cells free of n – octane)
least squares regression and the analysis of
variance (one-way ANOVA) by SPSS 9.0
for Windows 98 (SPSS Inc., Chicago, IL).
Significant levels were set at α = 0.05.

Identifying functional groups

The presence of functional groups in the
CC biomass was determined using Fourier
transformed infra-red (FTIR)6. Three sets of
cells were prepared and grown as described
earlier. Biomass was separated by
centrifugation (4000 rpm, 10 min),
supernatant was decanted and the pellet
suspended in 10 mL of ddH2O before being
re-centrifuged. This step was repeated twice
in order to eliminate media or metal
residues. The collected biomass was then
suspended in ~ 3 mL ddH2O before frozen
to-80 oC and lyophilized (Labconco, USA).
The biomass powder (~ 0.5 g) was mixed
with normal KBr dye (250 mg KBr : 1%
sample). The spectrum was recorded using
Perkin-Elmer 1650X FTIR.

RESULTS AND DISCUSSION
Biomass characterization of CC
Fig. 1 shows the population structure of
CC as seen under SEM. The cells remained
rigid with no apparent sign of cell lysis. The
overall population mean of CC was read at
1.7 x 108 cfu/mL (data not shown). Through
a
combination
of
microbiological
observation (Fig. 2) and biochemical tests
performed, CC was ascertained to consist of
9 isolates; 6 Gram negative (Pseudomonas
sp, Serratia sp, Flavobacterium sp,
Chryseomonas sp, Xanthomonas sp, and
Agrobacterium sp) and 3 Gram positive
(Bacillus sp, Arthrobacter sp, and
Micrococcus sp) bacteria. Among this, 4
isolates were found to be more resilient and
more dominant with counts exceeding the

Statistical analysis
Experimental data were subjected to
statistical analysis for mean tests, t-tests,
11
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mean (1.7 x 108 cfu/mL), namely,
Pseudomonas sp, Serratia sp, Bacillus sp,
and Arthrobacter sp. Such a mixed culture
provides greater advantage as each isolate
can contribute uniquely to the survivability
of the consortium particularly in stressful
and extreme environment such as in the
presence of heavy metal ions.
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67.08%) was noted in the presence of 5
metals (Cd, Cr, Cu, Ni, and Pb) compared to
the 3 metals system (Cr, Cu, and Pb;
58.36%). The ability to flocculate commonly
found in mixed cultures is an advantage that
enhances their survival, especially in
extreme environments. Fig. 3 shows TEM
micrograph of CC cells clearly depicting
formation of exopolymers and metal
deposits. This can be part of a defence
mechanism as exposure to heavy metals is
postulated to promote secretion of
exopolymers in the form of capsule or
polysaccharide envelope, which increases
flocculation, entrapping the metal ions thus
inhibiting them to enter the cytoplasm. The
higher % IF observed in the presence of
metals correlates well with this factor.
Exopolymers are known to harbour chemical
groups such as the carbonyl and phosphates,
which facilitates binding, sorption and
precipitation of metal ions.

Fig. 1: Population structure of CC as
observed under SEM.

Increased index of flocculation was also
observed in strains of P. atlantica,
Enterobacter
aerogenes
and
Chromobacterium violaceum in the presence
of metals12. Exopolymer producing E.
aerogenes strains grew better and were more
resistant to heavy metals compared to nonproducing mutant strains exposed to 10
mg/L Cu or Cd. Flocculation provides
microstructures that help trap metal ions
which are advantageous in the removal of
metals. Flocculation also helps a population
to withstand protozoan attack, starvation and
deficiency in nutrients. In the aggregated
form, the cells are not easily flushed or
washed away which will reduce the
efficiency of a waste treatment facility. In
addition, it eases the anchoring of biomass in
a bioreactor13.

The efficiency of using CC in metal
uptake studies have been reported previously
4 5
, . Another researcher also found that pure
single culture limits removal to only one
type of metal when 14 isolates comprising
species of Methylobacterium, Variovorax
(Alcaligenes),
Enterobacter,
Aureobacterium and Bacillus were tested for
the removal of metal complexes (Cu, Cd,
Co, Ni, and Fe-EDTA)11. In their study,
however, the mixed cultures were not
characterized and left to natural selection for
the more resilient isolate to thrive.
Characterization of flocculation and
hydrophobicity
Table 1 shows that cells exposed to
metal ions have higher flocculating ability
compared to control population (44.93%) (p
< 0.05). Higher index of flocculation (% IF,
12
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Fig. 2: Component isolates of CC observed under light microscopy (x 1000).
a- Chryseomonas sp, b- Serratia sp, c- Pseudomonas sp, d- Arthrobacter sp, e- Agrobacterium sp,
f- Flavobacterium sp, g- Xanthomonas sp, h- Micrococcus sp, i- Bacillus sp

Fig. 3 : Physical characterization of CC under TEM. Control cells (A) and cells in the
presence of metals (B). Note the exopolymers, cell flocculation, and entrapped metal deposits
observed as electron dense areas.
13
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Table 1 : Index of flocculation and degree of hydrophobicity as observed in CC grown
with and without metal ions.
Growth conditions

Index of flocculation, IF (%) Degree of hydrophobicity (%)

CC (control)

44.93 ± 2.07

66.18 ± 1.35

CC + 3 metals (Cr, Cu, and Pb)

58.36 ± 5.34 *

49.11 ± 2.43 *

CC + 5 metals (Cd, Cr, Cu, Ni, and Pb) 67.08 ± 0.82 *

59.86 ± 0.84 *^

The inverse relationship between
flocculation
index
and
degree
of
hydrophobicity in the presence of metals has
also been reported in Citrobacter sp. TKF04,
G. amarae and S. paucimobilis10.
Diminished hydrophobicity concomitant
with increased flocculation observed in
activated sludge cultures has been attributed
to bacterial adhesion to floc particles. The
increased flocculation index (% IF) indicates
the easiness of the cell to agglomerate, while
the reduction in the hydrophobicity reflects
the filling up of the negatively charged sites
by cations. During metabolic respiration,
bacterial cells growing in the presence of
metallic ions are known to excrete inorganic
metabolic products as to precipitate the toxic
ions as part of a non-enzymatic detoxifying
process15. This concurs with our earlier
findings towards excellent metal loading
capability of the CC4.
Characterization of functional groups
The infra-red (IR) spectrum data of
biomass grown without metal (control) and
in the presence of metals is shown in Fig. 4.
This revealed an abundance of major
characteristic peaks belonging to the
hydroxyl (OH) groups, amines (NH2),
carbonyls/carboxyl’s (C-O and C=O
stretching), amides (CONH2), sulfates
(SO42-), phosphates (PO3-, PO43-) and/or
sulfhydryls (SH) groups 16,17. Comparison of
the control and test cultures revealed two
new peaks in cells exposed to metals. In both
populations, new signals were detected at

Table 1 also shows that the degree of
hydrophobicity in control cells was
significantly higher (66.18%) compared to
cells grown in the presence of metals (p <
0.05). The degree of hydrophobicity was
also observed to be significantly different
between both metal systems (p < 0.05). The
cells hydrophobicity character was higher
(59.86%) in the 5 metals system (Cd, Cr, Cu,
Ni, and Pb) than the 3 metals system (Cr,
Cu, and Pb, 49.11%).
The overall charge of the biomass plays
a role in determining its affinity towards
metallic ions with the presence of specific
and non-specific sites14. Higher degree of
hydrophobicity in control population
suggests that CC’s surface areas are
predominantly negatively charged. This in
turn attracts cations to adhere, which
resulted in decreased percentage of
hydrophobicity in cells grown with metals as
the negatively charged sites are now being
occupied.
The
lower
degree
of
hydrophobicity observed in 3 metals system
(49.11%) compared to 5 metals system
(59.86%) could possibly be due to the
varying interaction between multi-metals
such as Cr existing as oxyanions (CrO42-,
Cr2O72- or HCrO4-) in the presence of Cd and
Ni. Binding of the anion to the biomass in
addition to the ion-exchange activity or
intensive cation transport into the cell either
actively or passively would have increased
the negatively charged sites marginally.
14
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metal exposed CC imply precipitation or
1456 cm-1 corresponding to C=O possibly of
complexation of metals as metal carbonates.
carboxyl or carbonate in nature, and the
In this respect, it has been suggested that the
others at 77.48 cm-1 and 81.45 cm-1 (Table
2). The latter peaks are yet to be identified.
most effective ligands in metal binding are
The carbonate or carboxyl peaks observed in
carboxyls and phosphoryls18.
Table 2 : Characterization of functional groups determined by infrared scan on CC
grown with and without metal ions.
Peak

CC (control) CC + Cr, Cu, CC + Cd, Cr, Cu, Corresponding functional groups
(cm-1)
Pb (cm-1)
Ni, Pb (cm-1)

1

3424

3406

3418

OH, NH, NH2

2

2926

2926

2926

CH

3

1652

1654

1652

HCO3-, C=O, C=N, -CO2, C=C, 1o amines
(NH2), OH-amino, OH-aldehyde (carbonyl)

4

1540

1540

1540

NH, NO2, C-C, C=C, C5H5NO, 2o amides,
NHCONH

1456

1456

COO-, CO32-, CH2, CH3, CH

5*
6

1384

1386

1384

CH, CO, CO32-, COO-, 1o amides (C-N), CH3,
NO2, HCH

7

1238

1240

1238

C-O, CH, NH, COO-, CC, N3, NH3, POH, PO,
simple peptides

8

1080

1072

1078

SO42-, PO3-, CH2, CH, PH2, NC2, C-N, 1o
amines, alkylamines, PO2, CH3, NH, PH2

9

562

578

574

CH, SH, SO42-, PO3-, PO43-, PO
(Na2Cr2O7.2H2O, K)

10

91.93

88.55

90.18

C=O…H

11

87.49

83.44

85.71

12

87.3

82.14

83.68

13

85.57

81.13

83.5

14

84.32

78.32

81.77

77.48

81.45

15 *
16

75.82

66.76

72.12

17

59.7

63.1

60.99

18

58.34

50.1

56.69

C=O…H

sorption. The presence of such groups would
also be expected to cause precipitation of
metals through possible chelation to form
metal complexes. Carboxyl moieties are
known to have high affinity towards Pb in
general. The presence of a lone electron
pair in Pb (Pb2+: [Xe] 6s2 4f14 5d10) favors the

Metal binding process involves complex
chemical, physical, biological interactions,
and the presence of a multitude of functional
groups on the cell wall will favour this kind
of interaction. Using the biomass of a mixed
culture provides an abundance of functional
groups acting as ligands facilitating metal
15
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Fig. 4 : IR spectra showed the presence of OH, NH2, C-O, CONH2, SO42-, PO43-, SH groups
on CC culture grown without metals (A). Additional peaks detected in the presence of Cr, Cu,
and Pb (B), Cr, Cd, Cu. Ni, and Pb (C). ). Peak details are presented in Table 2.
16
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formation of coordination complexes as
opposed to other metal ions6. The presence
of the new carboxyl or carbonate peaks may
well explain our findings as well as the
increased Pb loading reported earlier4.
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and removal from aqueous solutions. An
inverse relationship between flocculation
index and degree of hydrophobicity was
observed in the presence of heavy metals.
This reflects the physiological and metabolic
adaptation of CC to the metals. These factors
indirectly enhances metal binding, thus
presenting a more efficient and effective
option for heavy metal bioremediation. Such
bacterial microbial system is potentially
useful in waste water treatments to remove
polluting metals.

In developing a bacterial based metal
removal system; however there is also
concern on the non specific and varying
affinity of most functional groups towards
different metal species (either free or
complex form) in aqueous solution, as they
can influence preferential sorption on
ionizable groups and overall metal removal
by bacteria19. In addition to this, competition
among the metal ions for the binding sites on
the biomass can also reduce metal removal
efficiency. Nevertheless, competitive effect
can be minimized after initial precipitation
has taken place. Further, P containing
moieties can act as precipitation nucleation
sites, which favors continuous crystal
formation thus facilitating aggressive
formation of metal aggregates that
eventually increase metal loading capacity20.
Apparently,
the
formed
aggregates/
precipitates will grow rapidly at the expense
of counter-ions such as PO42-, CO32-, HCO3-,
SO42-, and OH- as been observed with Pb and
Ni18. Crystal-like structures in electron dense
areas
was
also
observed
through
transmission electron microscopy in our
previous study5.
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