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Abstract 
 
Acinetobacter is a model organism for biological phosphorus removal 
from water. These species can accumulate phosphate, also not only the 
organism with this ability, the exobiopolymers (EBP) produced by 
them also have the ability for phosphate binding. Here EBP produced 
by Acinetobacter is used for its possible application in bioremediation 
purposes. We have earlier reported the phosphate-binding capacity of 
membrane-bound exobiopolymer (EBP). In this paper, we studied 
effect of parameters that may potentially affect phosphate-binding to 
EBP in solution phase. Aqueous solution of various concentrations of 
biopolymer and phosphate were kept for incubation for different time 
intervals. Following incubation, the solution was filtered to remove 
EBP and unbound phosphate was analyzed in filtrate by molybdenum 
blue method. The parameters investigated included concentrations of 
EBP and phosphate along with time of contact between them. The 
combined effects of these parameters were investigated and optimized 
using central composite design (CCD). Graphical response surfaces 
were used to locate the optimum concentrations of EBP and phosphate. 
An excellent correlation (R2) was observed between values predicted 
by CCD and experimental values, thus, validating the accuracy of the 
model. 
 
Keywords: Acinetobacter, central composite design, extracellular 
biopolymer, phosphate binding. 
 
 

1. Introduction 
Acinetobacter sp. was known as phosphate accumulating organisms (PAO) because of 
its ability to accumulate phosphate intracellulary. This organism plays very important 
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role in bioremediation processes involving removal of phosphate from nutrient rich 
areas which leads to the eutrophication problem (Carr et al., 2003). Also, not its ability 
to accumulate intracellular phosphate, this strain is also involved in the production of 
exopolymers which have the tendency to accumulate and chelate phosphate 
extracellulary. Here we exploit the Acinetobacter strain for its ability to produce 
exobiopolymeric substances having ability to bind phosphate from the phosphate rich 
environment.  

 
 

2. Materials and Methods 
2.1 Chemicals and reagents 
All the chemicals and reagents were purchased from local suppliers and were highest 
purity available. 
 
2.2 Microorganism and growth conditions 
Acinetobacter used in the study was isolated from industrial unit near Patiala. The 
bacterium was grown in Luria Bertani broth (LB) at 37ºC. For EBP production, the 
bacterium was inoculated into the FIB media for 48 hrs. After incubation, the 
extraction of EBP from the supernatant was carried out by previously described 
method (Ghosh et al., 2009) 
 
2.3 Experimental design 
The isolated strain was explored for its phosphate binding ability. Aqueous solution of 
various concentrations of biopolymer (100-500 ppm) and phosphate (0.1-1 ppm) were 
kept for incubation for different time intervals. Following incubation, the solution was 
filtered to remove EBP and unbound phosphate was analyzed in filtrate by 
molybdenum blue method. The difference between initial and final phosphate 
concentration describes the bound phosphate. For optimizing maximum phosphate 
binding by the EBP, Response surface methodology was employed. This statistical 
technique is used to verify the efficacy of several processes. The experimental model 
was generated using Design-Expert (Stat-Ease M. USA), Design-based experimental 
data were matched according to the second-order polynomial equation as described by 
(Aktas et al., 2006). 
 

 
3. Results and Discussion 
The statistical technique is widely used as a tool for checking the efficiency of several 
processes. In the present work, it has been used for obtaining pieces of information 
about the significant parameters affecting phosphate reduction as well as their 
interaction on phosphate binding. It has been used with the purpose of obtaining 
information about the parameters influencing phosphate binding by the EBP and its 
reduction from the water source. CCD i.e central composite design was employed for 
this purpose. Optimization of various concentrations of EBP and phosphate were 
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performed using CCD. Design-Expert software gives the significant range of 
parameters and ANOVA results obtained were analyzed. ANOVA results showed that 
regression is highly significant and its closeness (0.92) to 1.00 indicates validity of the 
model and its significance infers that the model was significant. The reliability of the 
experiments were indicated by lower value of coefficient of variation (CV). 

From the contour plots (Figure 1 and 2) it can be observed that the optimum values 
of phosphate were observed to be between 1.5-3.5 ppm with corresponding values of 
160 mins-120 min for contact time. The biopolymer concentration range between 150-
230 ppm showed higher phosphate reduction. 

 
 

 
Figure 1: 3 D plot showing effect of contact time and  

phosphate concentration on phosphate reduction. 
 
 

 
Figure 2: 3-D plot shows interaction between time of  

contact and biopolymer concentration. 
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Based on these significant parameters, optimization was done and numbers of 
solutions were suggested by model within the experimental range of significant 
parameters. Based on CCD, the predicted values were compared with experimental 
values and it was observed that EBP concentration of 161 ppm is effective for binding 
of 55.3 % of phosphate at a of phosphate concentration of 2.75 ppm in a contact time 
of 182.34 minutes. 

The polynomial equation generated was  
Phosphate reduction = +45.72 + 9.76 *A + 3.08*B + 12.55 *C + 1.50 *A*B + 

5.75 *A* C - 2.50*B*C - 9.21 *A2- 11.86 *B2 - 8.15*C2 
Where, A = phosphate concentration; B = EBP concentration; C = time of contact 

(in minutes) 
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