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Abstract

Pseudomonas aeruginosa and Ochrobactrum sp. were tested according to EPS production at different

pH, temperatures, Remazol Blue concentrations, and incubation periods. Optimum pH was 7 for P. aeruginosa

and 8 for Ochrobactrum sp. according to the highest EPS amount. P. aeruginosa produced the highest EPS
(456.4 mg1") after incubation for 48 h (40°C) and Ochrobactrum sp. gave the highest yield (404.6 mg-1") after
incubation for 72 h (30°C). P. aeruginosa had a low capacity to remove Remazol Blue (12.5%); however,

Ochrobactrum sp. had a significant potential to remove Remazol Blue yielded as 89.4%.
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Introduction

Wastewaters from industries like textiles, pulp and
paper, dyeing, and tanning include toxic coloring sub-
stances that need to be treated. Highly colored synthetic dye
effluents from textile industries have been released into
receiving water and have polluted main water resources.
Moreover, dyes may significantly affect photosynthetic
activity in aquatic life due to reduced light penetration and
may also be toxic to some aquatic life due to the presence
of aromatics, metals, and chlorides, etc. in them [1-3]. The
processes used to remove dye from wastewaters include
biological treatment, coagulation-flocculation, and adsorp-
tion on powdered activated carbon, electrochemical
processes, ozone treatment, membrane processes, reverse
osmosis, nanofiltration, ultrafiltration, and microfiltration
[4, 5]. Some dye decolorizing microorganisms that can
remove colored pollutants under aerobic or anaerobic con-
ditions have been isolated in previous studies [6-12]. Some
studies also mentioned that extracellular polysaccharides
(EPS) that produce microorganisms are able to remove dye
from polluted wastewaters [12-14].
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EPSs play an important role in the aggregation of bac-
terial cells in flocs, stabilization of a biofilm structure, and
formation of a protective barrier. Related to its properties,
EPS also has roles like protecting the microorganism from
desiccation, osmotic stress, low temperature, and biosorp-
tion of toxic pollutants from industrial wastewaters [3, 8,
15-17]. Although EPS is mostly known as a toxic metal
chelator [18, 19], it might also be used as a trap for dyestuff
because of its properties [11, 13].

While many studies have examined heavy metal
removal by EPS-producing microorganisms, little work has
been done on dye removal by microorganisms having EPS.
The decolorization of dye by Pseudomonas spp. [8, 10, 14]
and Ochrobactrum spp. [10, 20] has been reported before,
but the amount of EPS produced by these bacteria and the
environmental conditions affecting EPS have not been clar-
ified. In the present study, the effect of different pH levels,
temperatures, Remazol Blue concentrations, and incubation
periods on EPS production by the bacteria — namely P.
aeruginosa and Ochrobactrum sp. — was examined on
media with Remazol Blue. Our major objective was to
investigate the correlation between EPS production and dye
removal by the bacteria tested in this study.
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Experimental

The bacteria used in this study were P. aeruginosa and
Ochrobactrum sp. All the strains were isolated from tan-
nery effluents (Sepiciler Leather IND, INC). P. aeruginosa
and Ochrobactrum sp. were previously identified by [10].

Remazol Blue dye stock solution obtained from
Aytemizler Textile Co. (Turkey) in pure form was prepared
by dissolving the powdered dyestuff in distilled water to a
concentration of 2% (w/v). Appropriate volumes of the
stock dye solution were added to nutrient agar media.

For EPS determination experiments, cultures were
inoculated onto Nutrient Broth No. 1 media (Fluka-
BioChemika) with agar in petri dishes. The composition of
the media was 15 g of peptone, 3 g of yeast extract, 6 g of
sodium chloride, 1 g of glucose, and 15 g of agarin 1 1. To
determine the optimum pH for the highest EPS production,
the pH of the media including 100 mg-1" Remazol Blue was
adjusted to 6, 7, 8, and 9, with 0.1 M NaOH and 0.1 M HCIL.
The petri dishes were prepared in three replicates and incu-
bated for 48 h at 30°C (Memmert, Germany). To determine
dry cell mass of the bacteria, wet biomass of the bacteria
was dried at 100°C for overnight.

The effects of different temperatures and initial
Remazol Blue concentrations on EPS production by the
microorganisms were investigated in another series of
experiments. Microorganisms were grown on media,
including 100, 200, 300, and 400 mg-1' Remazol Blue at
predetermined optimum pH values. P. aeruginosa was cul-
tured at pH 7 and Ochrobactrum sp. was inoculated into the
media at pH 8. Nutrient agar media in petri dishes contain-
ing four different Remazol Blue concentrations were incu-
bated at three different temperatures (20, 30, and 40°C) for
48 h (Memmert, Germany). Experiments were also per-
formed on media without Remazol Blue.

To identify the effect of different incubation periods on
EPS production, experiments were performed under three
different media conditions. Microorganisms were cultured
on media including Remazol Blue at different tempera-
tures that produced the highest EPS. Cultures were grown
for different incubation periods, i.e. 48, 72, 96, 120, 144,
and 168 h. EPS analysis was performed at the end of these
incubation periods.

To determine Remazol Blue removal in liquid media by
the microorganisms, cultures were grown in 100 mL of
nutrient broth in 250 mL Erlenmeyer flasks and incubated
in a rotary shaker (New Brunswick Scientific innova 4230,
USA) at 100 rpm. Microorganisms were grown in media in
which they produced the highest EPS. P. aeruginosa was
grown in media including 100 mg-I"' Remazol Blue at pH 7
(40°C) and Ochrobactrum sp. was grown in 100 mg'
Remazol Blue at pH 8 (30°C). Remazol Blue removal was
analyzed during the incubation period.

EPS Extraction

EPS isolation was carried out as described by [21], with
minor modifications. To isolate EPS from cultivated cul-
tures, colonies were first picked up from the agar surface

with a glass rod and suspended in an osmolar solution. The
suspensions were boiled at 100°C for 15 min. After cooling,
trichloroacetic acid (TCA) was added to a final concentra-
tion of 4% (W/v) to precipitate proteins, followed by cen-
trifugation at 10,000 xg for 30 min at 4°C. The supernatant
was removed and mixed with cold ethanol. The suspension
was centrifuged at 10,000 xg for 30 min at 4°C. The extrac-
tion was repeated once. The pellet was removed and dis-
solved in distilled water. The sugar content of EPS was
determined using phenol-H,SO, according to the glucose
standard [22].

Dye Analysis

During the incubation period, a 3 ml sample was taken
from each flask. Samples were centrifuged to precipitate
suspended biomass at 3,421 xg for 10 min. The concentra-
tion of Remazol Blue in the supernatant was determined by
reading the absorbance at 600 nm. Cell-free Nutrient Broth
medium was used as the blank. The percentage removal of
Remazol Blue was calculated from the equation:

removal% =[(Co—~Cf) | Co]x100

In the equation, Co and Cf are initial and final concen-
trations (mg-1'), respectively. Absorbance measurements
and centrifugation were performed using a Shimadzu UV
2001 model spectrophotometer (Japan) and Hettich EBA12
model centrifuge (Germany).

The experiments were set up in a completely random-
ized design with three replicates. The data were subjected
to analysis of variance using Minitab 14 and significant dif-
ferences among treatment means were compared by
descriptive statistics (=SE).

Results and Discussion
The effect of media pH on EPS formation by the bacte-

ria was determined in samples, including 100 mg-1" initial
Remazol Blue at the end of 48 h of incubation (Fig. 1).
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Fig. 1. Effect of different pH levels on EPS production by
P. aeruginosa and Ochrobactrum sp. at 100 mg-l' Remazol
Blue (T: 30°C).
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To find the optimal pH value for the highest EPS produc-
tion by the bacteria, four different pH values (6, 7, 8, and 9)
were tested. EPS production by P aeruginosa increased
slightly with an increase in pH from 6 to 7 and, above pH
7, it decreased with an increase in alkalinity. On the other
hand, Ochrobactrum sp. produced the highest EPS amount
in alkaline media. EPS production increased up to pH 8 and
decreased at pH 9 for Ochrobactrum sp. At the end of this
series of experiments, the maximum EPS production by P.
aeruginosa (252.2 mg:1") occurred at pH 7, whereas that of
Ochrobactrum sp. (385.0 mg'1") was at pH 8.

P, aeruginosa and Ochrobactrum sp. produced different
amounts of EPS at increasing temperatures and Remazol
Blue concentrations as shown in Figs. 2 and 3.

EPS formation of P aeruginosa decreased with an
increase in Remazol Blue concentration at all Remazol
Blue concentrations tested (Fig. 2). At 20°C the highest EPS
amount was 298.6 mg-l" at 100 mg-1" Remazol Blue con-
centration. Above this Remazol Blue concentration at the
same temperature, production of EPS was affected nega-
tively and decreased. At 30°C, the highest EPS production
by P. aeruginosa was 252.2 mg-1" at 100 mgI' Remazol
Blue. Production decreased with an increase in Remazol
Blue concentration and therefore EPS formation decreased
after 100 mg'1" Remazol Blue concentration at 30°C. Under
20°C and 30°C conditions, EPS produced by bacteria was
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Fig. 2. Effect of different temperatures on EPS production by P.

aeruginosa at increasing Remazol Blue concentrations.
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Fig. 3. Effect of different temperatures on EPS production by
Ochrobactrum sp. at increasing Remazol Blue concentrations.

not induced from the difference of the temperature from 20
to 30°C. Although the production was lower at 30°C than it
was at 20°C, the amount was not as high as the amount at
40°C. Interestingly, the bacteria were able to tolerate high
temperatures, and maximum EPS production occurred at
40°C in 100 mg 1" Remazol Blue. Under these conditions
the maximum EPS amount for P. aeruginosa was 456.4
mg-1". At this temperature, production of EPS decreased
when Remazol Blue concentration increased as at 20 and
30°C. The results showed that EPS produced by P. aerugi-
nosa could not be induced by the temperatures as 20°C and
30°C, but could be induced by the increase of the dye and
the temperature as 40°C.

The EPS production level by Ochrobactrum sp. at dif-
ferent temperatures and Remazol Blue concentrations is
shown in Fig. 3. At 20°C and 40°C, bacteria produced
slightly more EPS in 100 mg'l" Remazol Blue compared to
media without Remazol Blue. At this Remazol Blue con-
centration, the highest production levels were 177.6 mgl'
(20°C) and 118.1 mg'I" (40°C) while in media with no dye
the amounts were 163.7 mg-" and 110.6 mg-1", respective-
ly. At 200 mg-1" Remazol Blue concentration, EPS produc-
tion was 142.0 mg-I" at 20°C and 103.3 mg-1" at 40°C. In
400 mg1' Remazol Blue, production decreased to 114.4
mg-1" at 20°C and underwent a small rise (105.9 mg'1") at
40°C. On the other hand, bacteria produced a high amount
of EPS at 30°C compared to at 20 and 40°C. At 30°C, the
highest EPS production was observed in 100 mg-I"' Remazol
Blue (385.0 mg1"). Above 100 mg-1" Remazol Blue, the
production of EPS decreased significantly at this tempera-
ture. The highest EPS production levels were 216.7 mg1",
211.1 mg1", and 127.4 mg1" at 200 mg-1", 300 mg-1", and
400 mg' " Remazol Blue concentrations, respectively.

At the end of these series of experiments, it was found
that the two microorganisms used in this study had a dis-
tinct tolerance to different temperatures in producing EPS.
According to this, P aeruginosa produced the highest
amount at 40°C, while Ochrobactrum sp. did so at 30°C.

The increase in stress conditions like Remazol Blue and
temperature significantly affected EPS formation by P
aeruginosa and Ochrobactrum sp. The two bacteria tested in
the study produced more EPS on media with 100 mg1"
Remazol Blue than in the absence of this pollutant. Similar
results were obtained for P. aeruginosa and Ochrobactrum
sp. when these bacteria were exposed to another pollutant
like Cr(V1) [23]. According to that study, in response to dif-
ferent Cr(VI) concentrations (50-300 mg-1") the two bacte-
ria produced higher amounts of EPS compared to media
without Cr(VI). P. aeruginosa produced the highest amount
of EPS (522.2 mg1") at 20°C on media, including 50 mg-1"
Cr(VI), while Ochrobactrum sp. gave the highest yield
(430.5 mg1") at 30°C on media with 150 mg1' Cr(VI).
Another study performed with P. aeruginosa yielded similar
results when the bacterium was exposed to a pollutant like
Cu(Il) ions [24]. In that study, at 100 mg-I" Cu(II) bacteria
produced more EPS compared to media without Cu(II).

The single effect of increasing temperature on EPS pro-
duction by P. aeruginosa and Ochrobactrum sp. in media
without Remazol Blue is shown in Fig. 4.
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Fig. 4. Comparison of EPS production of P. aeruginosa (pH 7)
and Ochrobactrum sp. (pH 8) at different temperatures in media

without Remazol Blue.

EPS production by P. aeruginosa underwent a small
drop when the temperature increased from 20°C to 30°C.
However, the highest EPS production occurred at 40°C
(372.4 mg1"). This bacterium was able to tolerate all the
temperatures tested in the study, and therefore EPS pro-
duced by P aeruginosa increased when the temperature
increased. Interestingly, different results were obtained
when the bacterium was exposed to another pollutant like
Cr(VI) on media with less peptone and without glucose and
sodium chloride [23]. According to that study, the bacteri-
um was affected negatively by an increase in temperature
and could not grow at high temperatures. Therefore, EPS
formation was also affected negatively. In the present study,
P aeruginosa tolerated high temperatures according to the
rich content of the media. This microorganism produced the
highest amount of EPS at 40°C. It was also previously
shown that glucose had a positive effect on EPS production
[25]. Another study also indicated that at high carbon con-
centrations (60 g1') the yield of EPS increased [26].
Another microorganism producing much more EPS under
high temperature conditions also was reported [27].

On the other hand, Ochrobactrum sp. was affected neg-
atively by an increasing temperature and produced low
amounts of EPS. The highest production was observed at
30°C (127.4 mg1"). The maximum EPS levels were 114.4
mg1" and 105.9 mgl' at 20°C and 40°C, respectively.
Similar results were obtained for Ochrobactrum sp. on a
different medium with less peptone, without glucose and
sodium chloride when the bacterium was exposed to anoth-
er pollutant [23].

When we compared EPS formation by P. aeruginosa
and Ochrobactrum sp., P. aeruginosa had a distinctive
potential for producing EPS at high temperatures.

To determine the effect of the incubation period on EPS
formation, bacteria were grown in media in which they pro-
duced the highest amount of EPS. For this purpose, P.
aeruginosa (pH 7, 40°C) and Ochrobactrum sp. (pH 8,
30°C) were grown in 100 mg-1" Remazol Blue. EPS analy-
sis was performed at the end of the incubation periods, i.e.
48, 72, 96, 120, 144, and 168 h. To determine Remazol
Blue removal by P. aeruginosa and Ochrobactrum sp.,

microorganisms were inoculated in nutrient broth. The
experimental conditions were the same as those used to
determine the effect of an incubation period on EPS pro-
duction. Remazol Blue analysis was performed at the end
of the incubation periods tested in the study.

The effect of an incubation period on EPS production
and Remazol Blue removal by P. aeruginosa is shown in
Fig. 5. P. aeruginosa produced less EPS with an increase in
incubation period. This bacterium produced the highest
EPS as 456.4 mg'I' (68.5 mg dry weight-g") after incuba-
tion for 48 h. Production was 147.8 mg-1" after incubation
for 168 h. Although the maximum EPS amount occurred
after incubation for 48 h, removal of Remazol Blue was the
lowest (3.6%). Remazol Blue was removed with a maxi-
mum yield of 12.5% after 168 h of incubation. These data
indicated that EPS produced by P. aeruginosa had a low
potential to remove Remazol Blue from the media.
Although bacteria produced fewer amounts of EPS with an
increase in incubation period, dye removal was continued
by bacteria without using an EPS mechanism.

The effect of incubation period on EPS production and
Remazol Blue removal by Ochrobactrum sp. is summa-
rized in Fig. 6. EPS production by the bacterium increased
with increasing incubation period from 48 h to 72 h. The
amount of EPS was 385.0 mg1' at the end of 48 h.

500 + _.m-.EPS T4
450 1 &
N —o— Remazol Blue Removal | 203
_ 400+ <
d . IS
2 350 + S L3
< 300 1 §
S o
B 250 T T2s
£ 3>
8 200 | 2
Q. L 8 [*]
® 150 8
& 1
100 + 14 @
50 +
0 ; : : : | 0
48 72 96 120 144 168
t (hour)

Fig. 5. Effect of incubation period on EPS production and
Remazol Blue removal of P. aeruginosa.
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After this incubation period, removal of Remazol Blue was
33.6%. The highest EPS production was obtained after
incubation for 72 h as 404.6 mg-I" (60.7 mg dry weight-g").
Remazol Blue removal also increased to 49.4% after this
incubation period. At the end of 96 h, EPS production by
Ochrobactrum sp. underwent a small decrease, but the
amount was still high (377.4 mg-1"). After this incubation
period, according to the high amount of EPS, bacteria
removed Remazol Blue with a yield of 63.6%. When the
incubation period increased to 120 h and 144 h, production
of EPS decreased to 282.6 mg-1" and 273.9 mgl", respec-
tively. The removal of Remazol Blue was 82-87% after
these incubation periods. At the end of 168 h, EPS produc-
tion by this bacterium was 152.2 mg'l". Remazol Blue was
removed with a yield of 89.4% after this incubation period.
In contrast to P. aeruginosa, it was found that the EPS pro-
duced by Ochrobactrum sp. had a potential to remove the
toxic dye from the media.

When it comes to how bacteria removed the applied
dye, it was related to bacterial metabolism. Although blue
color was observed at the beginning of the incubation peri-
od (in 2 days of the incubation period) in the biomass and
the occurred EPS, this blue color was not observed in these
parts at the end of the incubation period. Therefore, this
observation proved that Remazol Blue was removed by the
two bacteria used in the study.

Conclusions

For highest EPS production the optimum pH level was
7 for P. aeruginosa and 8 for Ochrobactrum sp. EPS pro-
duction by the microorganisms was highly affected by the
increasing temperatures, Remazol Blue concentrations, and
incubation periods. The two bacteria tested in the present
study produced the highest EPS on media with 100 mg-I"
Remazol Blue. The highest yield (456.4 mg1") with P
aeruginosa was achieved at 40°C after incubation for 48 h,
while with Ochrobactrum sp. (404.6 mg1") it was at 30°C
after incubation for 72 h.
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