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ABSTRACT 

Extracellular polymeric substances (EPS) of microbial origin are a fancy mixture of biopolymers 

having polysaccharides, proteins, nucleic acids, uronic acids, humic substances, lipids, etc. 

Bacterial secretions, cell lysates and adsorption of organic constituents from the environment result 

in EPS formation in a wide variety of free-living bacteria as well as microbial aggregates like 

biofilms, bioflocs and biogranules. EPS could be loosely attached to the cell surface or bacteria 

may be embedded in EPS. Regulated by the organic and inorganic constituents of the 

microenvironment compositional variation exists amongst EPS extracted from pure bacterial 

cultures and heterogeneous microbial communities. EPS function mainly works as cell-to-cell 

aggregation, adhesion to substratum, formation of flocs, protection from  dessication and resistance 

to harmful exogenous materials. Additionaly exopolymers fuction biosorbing agents by 

accumulating nutrients from the encircling environment and also play an important role in 

biosorption of heavy metals. EPS produced by Bacillus sp. reported for the removal of copper, 

lead and zinc from different solutions. Some other EPS produced bacterial strain like Pseudomonas 

sp. are also reported as good removal option that remove Copper, cadmium, lead etc. Many more 

bacterial strains that produce EPS are found effective in heavy metal removal. Moreover, in EPS 

enzymatic activity also assist detoxification of heavy metals by transformation and subsequent 

precipitation in the polymeric mass. Although using microbial exopolymer the core mechanism 

for metal binding and / or transformation remains identical. In future chemical processes will be 

avoided and bioremoval process will only be followed because of it’s eco-friendly, cost effective 

nature. 
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CHAPTER I 

 

INTRODUCTION 

The term Extracellular polymeric substance was first coined by Sutherland in 1972 to describe 

higher molecular weight carbohydrate produced by marine bacteria. The production of 

extracellular polymeric substances (EPS) involves a major investment of carbon and energy by 

microorganisms. Considering the tendency in nature to conserve instead of to waste, this 

expenditure of energy (in some cases quite 70%) is probably going to carry benefits to the 

producers of EPS, still as those organisms related to them. Bacteria are very efficient in converting 

nutrients into EPS; it's been calculated that one azotobacter cell can produce enough EPS to 

coat over 500 particles with a 0.4 μm diameter per day. the dimensions of one cell is often 1-2 μm 

by 0.5 μm, and sometimes much smaller, and thus this number is impressive (Underwood et al., 

1995). The importance of EPS has long been recognized and a range of functions are attributed to 

EPS as far because the benefits they supply to cells, that can live in heterogeneous communities 

or as single organism in binary association (Wingender et al., 1999).  

EPS composition analysis shows that every component has different role that works for surviving 

of cells in adverse environmental condition. Bacterial EPS has a main function as biofilm 

formation that Flemming et al., 2007 said that “if metaphorically biofilm called as “city of 

microbes” then EPS represents the “House of biofilm cell”. That component creates strong bonds 

and give support to form, to survive in adverse environment and hardiness that make able to adsorb 

metals. Though biofilm formation by EPS depends on gram negativity or positivity of bacteria. 

Positive strains found more effective to form biofilm in a very rapid way (Jayathilake et al., 2017).  

The function of EPS is very critical to understand because of its components. EPS is a very 

complex mixture of polysaccharides, proteins, nucleic acids, humic substances, lipids etc (Pal and 

Paul, 2008). Bacterial secretions, detachment of cell surface materials, and organic constituent 

adsorption from the environment result in EPS formation in a wide variety of free-living bacteria 

as well as microbial aggregates like biofilms, bioflocs etc (Pal and Paul, 2008). According to 

different origins, EPS may be loosely attached to the cell surface or bacteria can be embedded in 

EPS. Many variation of components found in EPS extracted from pure bacterial cultures which 

are regulated by the organic and inorganic constituents of the microenvironment. Functionally, 

EPS works as cell-to-cell aggregation, adhesion to substratum, protection from dessication and 
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resistance to harmful exogenous materials. By accumulating nutrients from surrounding 

environments EPS acts as biosorbing agent and play vital role in bioremoval of heavy metals. EPS 

forms complexes with metal cations resulting in metal immobilization within the exopolymeric 

matrix as EPS found as polyanionic in nature. Electrostatic interactions occurs between the metal 

and negatively charged components of biopolymers (Pal and Paul, 2008). EPS also detoxify the 

heavy metals by transformation and subsequent precipitation in the polymeric mass because of 

enzymatic activities. Although the important mechanism for metal binding and transformation 

using bacterial exopolymers remains identical, the existence and complexity of EPS from pure 

bacterial cultures, biofilms, biogranules and other systems differ significantly, which affects the 

EPS-metal interactions process. Day by day removal of heavy metals by microorganism is getting 

popular though there have so many chemical process that works better but have severe impact on 

environment. Some physico-chemical process like membrane filtration, electrodialysis, 

photoctalysis found very effective on heavy metal removal (Barakat, 2011). These chemical 

processes are very much costly and can hamper environmental balance. So that scientists want to 

focus on a biological process that can help to remove heavy metals from contamination and make 

environment healthier. In this phenomenon bacterial EPS have very important role to play  

Keeping these above considerations in view, the present study has aimed with the following 

objectives: 

Objectives:  

1. To know about characteristics of bacterial extracelluar polymeric substances(EPS). 

2. To get an overall idea about the function of bacterial EPS and role as bioremoval component of 

heavy metals. 
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Chapter II 

MATERIALS AND METHODS 

This seminar paper is exclusively a review paper. Therefore, all the information was collected from 

secondary sources with a view to prepare this paper. Various relevant books and journals, which 

were available in internet, were used for the preparation of this paper. Good suggestions, valuable 

information and kind consideration from my honorable Major Professor, course instructors and 

other resources personnel were taken to enrich this paper. After collecting necessary information, 

it has compiled and arranged chronologically for better understanding and clarification. 
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CHAPTER III 

REVIEW OF FINDINGS 

 

3.1 Bacteria 

Bacteria are single celled microorganism that that they constitute a large domain of prokaryotic 

microorganism. Bacteria have variety number of shapes ranging from spheres to rods and spirals. 

Normally few micrometers in length. Bacteria were one of the first life forms to appear on earth, 

and can be found most of earth’s habitats like soil, water and also deep biosphere of the earth’s 

crust. With plants and animals bacteria also live in symbiotic and parasitic relationship 

(Fredrickson et al., 2004). 

                                    

            Figure 1. Sections of bacterial cells.  (Source: https://biologydiscussion.com/bacterialcell)  

3.2 Bacterial EPS (Extracellular polymeric substance) 

The overwhelming majority of microorganisms live and grow in aggregated forms like biofilms 

and flocs ("planktonic biofilms"). This mode of existence is lumped within the somewhat inexact 

but generally accepted expression "biofilm"(Gupta and Diwan, 2017). The common feature of 

these phenomena is that the microorganisms are embedded by a matrix of extracellular polymeric 

substances (EPS). EPS was defined as "extracellular polymeric substances of biological origin that 

participate in the formation of microbial aggregates" (Geesey, 1982). The assembly of EPS may 

be a general property of microorganisms in natural environments and has been shown to occur 

both in prokaryotic (Bacteria, Archaea) and in eukaryotic (algae, fungi) microorganisms. EPS are 

mainly accountable for the structural and functional integrity of biofilms and are considered 

https://viqua.com/solutions-for-bacteria/
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because the key components that determine the physicochemical and biological properties of 

biofilms. EPS form a gel-like, highly hydrated, three-dimensional, and sometimes charged biofilm 

matrix, within which the microorganisms are embedded and more or less immobilized. EPS create 

a microenvironment for sessile cells which is conditioned by the character of the EPS matrix 

(Wingender et al., 1999). 

3.3 Composition of bacterial EPS 

EPS comprises polysaccharides, including cellulose nanofibers and sucrose-derived glucans and 

fructans, proteins, such as lectins, baplike proteins and proteinaceous appendages mainly curli 

fimbriae extracellular DNA, lipids, surfactants (e.g., rhamnolipids), and other biopolymers, 

including humic substances (Mosharaf et al., 2018). Every component of EPS has some subunits 

and have different linkage types also that shown in table-1 below. 

Table 1. General Composition of bacteria EPS; Humic substances also included  

Main components of 

EPS 

Principal 

components 

(subunits, 

precursors 

Main type of linkage 

between subunits 

Structure of polymer 

backbone 

Polysaccharides Monosaccharides, 

uronic acids and 

amino sugars 

Glycosidic bonds Linear, branched 

Proteins 

(polypeptides) 

Amino acid Peptide bond linear 

Nucleic acids nucleotides phosphodiester bonds linear 

Phospholipids fatty acids,  

glycerol,  

phosphate, 

ethanolamine, 

serine, 

choline and 

sugars 

ester bonds side-chains 

Humic substances phenolic compounds 

simple sugars amino 

acids 

ether bonds, C-C 

bonds, peptide bonds 

Cross-linked 

                                                                                                     

                                                                                                       (source: Wingender et al., 1999) 
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3.3.1 Variation of EPS Content during aerobic sludge granulation 

According to a study shows that in aerobic sludge granulation process protein and polysaccharide 

fluctuation occur that under the condition of high shear force, the metabolic pathway of 

microorganisms began to be regulated and the component of sludge EPS shifted. Along with 

decrease of sludge settling time, poor settling microorganism discharged and microbial community 

with good flocculation enrich which results in increase of protein and polysaccharide content (Zhu 

et al., 2012). However, with the maturation of granular sludge, the PS(polysaccharide) content 

decreased probably due to the consumption of the microorganisms during the starvation phase 

(Wang et al., 2005). 

                                

Figure 2. EPS content variation during aerobic sludge granulation. (source: Zhu et al., 2012) 

3.3.2 Bacterial EPS component by Fourier Transform Infrared Spectroscopy(FTIR) Test: 

According to a study by FTIR test it was observed that all bacterial EPS were dominant with 

protein contents producing peaks at different amide region and also observed that EPS consisted 

with high  content of polysaccharide. Also indicates the presence of small amount of lipids 

(Mosharaf et al., 2018). 

 

 

 

 

 

                

 

 

Figure 3. EPS component in different bacteria by FTIR test.  (Source: Mosharaf et al., 2018) 
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3.4 Function of bacterial EPS 

Majority of gram-negative bacteria produce EPS that they invest 70% of their energy in its 

production. Many function have been proposed for bacterial EPS. They can be divided into groups 

(Weiner et al., 1995). That shown in the table-2 

Table 2. EPS function and cell survival 

Function Survival advantages 

Physical/protective barrier Protection from desiccation, predation and the 

immune system. Resistance to toxins, 

antibiotics and poisons 

Cell-cell recognition and interaction Plant symbiosis, formation of nodules and 

microcolonies, invertebrate larvae settlement 

Response to environmental stress Sequestering and import of charged ions, 

production of excess reducing power 

Adhesion and biofilm formation Immobilization onto nutrient-rich surfaces, 

dissociation from nutrient-depleted surfaces 

                                                                                                           

                                                                                                           (Source: Weiner et al., 1995) 

3.4.1 Function of EPS for biofilm formation  

According to a study it was said that if metaphorically biofilm called as “city of microbes” then 

EPS represents the “house of biofilm cell” ( Flemming et al., 2007). The immediate conditions of 

life of biofilm cells living in this microenvironment by affecting porosity, density, water content, 

charge, sorption properties, hydrophobicity, and mechanical stability is determined by the EPS. 

EPS are biopolymers of microbial origin in which biofilm microorganisms are embedded 

(Flemming et al., 2007). EPS functionality that effects of EPS component and role in biofilm 

shown below in table-3. 

Table 3. Effects of EPS component on biofilm 

Effects of EPS components Nature of EPS component Role in Biofilm 

Constructive *Neutral polysaccharides 

*Amyloids 

*Structural component 

*Structural component 

Sorptive Charged or hydrophobic 

Polysaccharides 

Ion exchange, sorption 
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Active Extracellular enzymes Polymer degradation 

Surface active *Amphiphilic 

*Membrane vesicles 

*Interface interactions 

*Export from cell, sorption 

Informative *Lectins 

*Nucleic acids 

*Specificity, recognition 

*Genetic information, structure 

Redox Active Bacterial refractory polymers Electron donor or acceptor 

Nutritive Various polymers Source of C, N, P 

  

                                                                                                       (Source: Flemming et al., 2007) 

3.4.2 Drought protection 

Environment like in drought stress EPS can offer advantages to microorganism. It was observed 

that EPS have high water holding capacity produced by a Pseudomonas strain isolated from soil; 

this EPS can hold several times its weight in water (Costa et al., 2018). By acting like a protective 

sponge EPS protect bacteria against desiccation and gives the bacteria time to make metabolic 

adjustment (Costa et al., 2018). 

3.4.3 Salt tolerance 

Study revealed that microbial polymers are also responsible for tolerance of salt stress. The 

polymer prevents nutrient imbalance and osmotic stress which promote survival capacity of 

bacteria in highly salt stressed area (Costa et al., 2018). 

3.4.4 Protection against low/high temperature 

In severe environmental condition like in winter season EPS have very important role that shields 

microorganisms. It was observed in samples that were collected from arctic sea ice (Krembs et al., 

2002). EPS can alter the microstructure and desalination of growing ice that improves microbes 

habitability and survivability (Krembs et al., 2011). EPS also found as a protection factor for 

thermophilic bacteria by shielding microorganisms from very high temperature (Nicolaus et al., 

2000). 

3.4.5 Protection from antimicrobials 

EPS plays an important role for biofilm that decreased susceptibility to antimicrobials by 

surrounding microorganisms. Normally biofilm compounds are negatively charged and bind with 
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positively charged compound, protecting the inner cells from contact (Costa et al., 2018). Many 

studies have tested the inhibitory mechanisms of bacterial EPS against antimicrobial compounds, 

particularly for clinically important bacterial strains (Costa et al., 2018). 

3.5 Bacterial biofilm and EPS 

3.5.1 Bacterial biofilm 

Biofilm are multicellular, structured, surface-adherent, microbial communities that mainly consists 

of cells embedded in a self-produced extra cellular polymeric substances (EPS) (Mosharaf et al., 

2018). EPS plays an important role in bacterial biofilm matrix compared with their free living 

planktonic counterparts that EPS gives protection of the cells from adverse environmental 

condition like high concentration of toxic chemicals, change in pH, temperature, salt concentration 

and water content (Mosharaf et al., 2018). Bacterial biofilm enclosed in a mixture of polymeric 

compounds, generally referred as extracellular polymeric substance(EPS) that over 90% of 

microorganisms on earth lives within these biopolymers (Vu et al., 2009). With the attachment of 

a cell to a surface biofilm formation starts. Colony forms through division of the bacterium, and 

production of the biofilm matrix is initiated. Other bacteria can then be recruited as the biofilm 

expands owing to cell division and the further production of matrix components (Figure 4a) 

(Flemming and Wingender, 2010). The major matrix components-polysaccharides, proteins and 

DNA are distributed between the cells in a non-homogeneous pattern (Figure 4b) (Flemming and 

Wingender, 2010). 

 

 

 

 

 

 

 

 

Figure 4. Biofilm formation on a surface (a), Major matrix components distributed between 

cells(b).                                                                          (Source: Flemming and Wingender, 2010) 
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3.5.2 Some biofilm producing bacteria 

Formation of biofilm by bacteria are very much different that many Gram positive and Gram 

negative bacteria produce biofilm. Type of bacteria produce biofilm differ with the difference of 

source. 

Table 4. Different types of biofilm producing bacteria with source  

Source Bacterial strain References 

Dyeing industry *Escherichia coli 

*Enterobacter asburiae 

Mosharaf et al., 2018 

Household and different 

industrial wastewater 

Enterobacter ludwigii Mosharaf et al., 2018 

Garments industry *Pseudomonas fluorescens 

*Acinetobacter lwoffii 

*Klebsiella pneumonia 

Mosharaf et al., 2018 

Washing plant industry Bacillus thuringiensis Mosharaf et al., 2018 

Tannery industry Escherichia coli Mosharaf et al., 2018 

Seeds, sprouts and food crops Pseudomonas putida Danhorn and Fuqua, 2007 

Animals and plants Enterococcus faecalis Danhorn and Fuqua, 2007 

Marine water Marinobacter sp. Bhaskar and Bhosle, 2006 

Aqueous Solution Bacillus firmis Salehizadeh and Shojaosadati, 

2003 

 

3.6 Mechanism and application of bacterial EPS as heavy metal removal 

The phrase heavy metal is defined as metals or metalloids with an atomic density greater than 5 g 

cm⁻¹. Though less amount of these heavy metals (Cu, Zn, ni etc.) are necessary for life in low 

concentration and also known as micro elements or trace elements. That these elements have an 

important role in metabolic processes. But higher concentration of these heavy metals and low 

concentration of non-essential heavy metals can damage environment very badly. That heavy 

metals cannot be destroyed and degraded in environment because of their persistency and stability 

in nature. 

Many traditional practices are found to remove heavy metals but they are very much costly and 

have big threats for environments like bioaccumulation and biomagnification etc. These processes 

are also very much energy consuming. 
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Bioremoval is not cost effective but also it is very much ecofriendly and safe solution for heavy 

metal removal process. Because of having high surface-to-volume ratio among all forms of life 

bacteria have superior competence to absorb metals from solution (Beveridge, 1989). Bacterial 

EPS is associated with formation of biofilm. Biofilm EPS have an important role in bioremediation 

of heavy metals (Baker-Austin et al., 2006). For survival of biofilm forming bacteria and for grow 

in metal contaminated environment EPS shows excellent protective role (Mohite et al., 2017). 

With the increase of accumulation of metals the amounts of EPS production also becomes higher 

(Mohite et al., 2017). EPS have strong binding capability and have large quantities of negatively 

charged functional group that binds positively charged heavy metals easily (Pal and Paul, 2008).  

 

 

  

 

 

 

 

 

 

Figure 5: Schematic representation of the mechanism of Bacterial EPS interaction with heavy 

metals. (Source: Mohite et al., 2017)  

since the 1990s there is a remarkable increase in the number of publications (research papers and 

reviews) dealing with the use of EPS for heavy metal removal. It is accepted that naturally 

occurring biological methods are beneficial rather than the physicochemical techniques for 

remediation of lethal heavy metal ions. Many scientific work has been found that worked on 

application of Bacterial EPS and its ability to removing heavy metals. Some findings are added 

(Table 5) that shows application of Bacterial EPS and its result from different work. 
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Table 5. Application of Bacterial EPS and its results as heavy metal removal 

Bacterial EPS-

Producing 

microorganisms 

Metals (removed by 

particular organism) 

Removal Efficiency Reference 

Methylobacterium 

organophilum 

Copper, Lead 21% Cu2+,18% Pb2+ 

removal 

Kim et al., 1996 

Herminiimonas 

arsenicoxydans 

Arsenic Upto 5 mmol/L metal 

ion uptake 

Marchal et al., 2010 

Pseudomonas sp Copper N.A Lau et al., 2005 

Enterobacter cloaceae Cadmium, Copper, 

Chromium 

65%  Cd2+,  20% 

Cu2+;  75% Cr6+ 

reduction from 100 

ppm initial metal load 

Gutierrez et al.,  

2012; Iyer et al.,  

2005 

Shewenella oneidensis Cadmium 80% Cd2+  Ha et al., 2010 

Anabaena spiroides Manganese 8.52 mg Mn2+ /g EPS Freire-Nordi et al.,  

2005 

Gloeocapsa 

gelatinosa 

Lead 82.22±4.82 mg Pb2+/ g 

EPS 

Raungsomboon et al., 

2006  

Calothrix marchica Lead 65 mg Pb2+ / g CPS Ruangsomboon et al., 

2007 

Gloeocapsa calcarea Chromium 36mg Cr6+ /g EPS at 

20ppm initial metal 

load 

Sharma et al., 2008 

Nostoc punctiforme Chromium 90.05mg Cr6+/g EPS Sharma et al., 2008 

Lyngbya putealis Chromium 157 mg/g of EPS Cr6+ 

at 30 ppm initial load 

Kiran and Kaushik,  

2008 

Pseudomonas putida Cadmium 80% Cd2+ at 10 ppm 

initial  

Kenney, 2010 

Rhizobium tropici Cadmium 80% Cd2+ at 10 ppm 

initial  

Kenney, 2010 

Bacillus firmus Lead, Copper, Zinc 1103mg Pb2+ / g EPS 

(98.3%,) , 860 mg 

Cu2+ / g EPS (74.9%) , 

722 mg Zn2+ /g EPS 

(61.8%) 

Salehizadeh and 

Shojaosadati, 2003 

Azotobacter 

chroococcum 

Lead ,Mercury 40.48% Pb2+(33.5 mg 

Pb2+/g of EPS); 

47.87% Hg2+ (38.9 mg 

of Hg/g EPS) 

 Rasulov et al.,  

2013  
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Ensifer meliloti Lead, Nickel, Zinc 89% Pb2+ , 85% Ni2+ , 

66 % Zn2+ reduction 

from 50 ppm initial 

load 

Lakzian, 2008 

  

Paenibacillus jamilae Lead, Cadmium, 

Nicle, Zinc, Coppur 

200-300 mg Pb2+/g 

EPS, 21 mg Cd2+/g of 

EPS 

Morillo et al., 2006;  

Pérez et al., 2008 

  

Paenibacillus 

polymyxa 

Copper 1602 mg Cu2+ / g EPS Acosta et al., 2005 

Lactobacillus 

plantarum 

Lead 276.44 mg Pb2+/g 

EPS, at 1000 ppm 

initial metal load 

Feng et al., 2012  

Bacillus cereus Chromium 89.87% reduction 

from initial metal load 

of 50 ppm 

Sultan et al., 2012 

Bacillus pumilus Chromium 89.87% reduction 

from initial metal load 

of 50 ppm 

Sultan et al., 2012 

Chryseomonas luteola Cadmium, Cobalt, 

Copper, Nickel 

82.5% reduction from 

initial metal load of 50 

ppm 

Sultan et al., 2012 

 

3.7 Drawbacks of using bacterial EPS as heavy metal removal 

Biological process improvement potential is limited because bacteria have different environment 

demand and in all environment EPS not produce in exact way and also understanding of 

microorganism demand for growth is very difficult (Feng and Aldrich, 2004). For growth of 

bacterial EPS need a suitable pH, temperature, surface suitability etc. which is very difficult to 

maintain (Wingender et al., 1999). The major problem is there have very limited process developed 

until now. Every known strains is working on a single or more about two heavy metal ions that 

will not actually work on contaminated site because there will be remain so many heavy metal ions 

contaminated (Feng and Aldrich, 2004).  
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CHAPTER IV 

CONCLUSION 

Bacterial EPS has been well known process that its already explored and appreciated as an 

environment friendly and safe process for bioremoval of heavy metals. It has rapid, efficient and 

sensitive response toward metal ion removal. If differentiated with chemical process bacterial EPS 

has proven as environment friendly and cost effective process. But EPS production is a very 

complex phenomenon that totally depends on environmental factors. Different Bacterial EPS 

produce in different environment. The reuse of EPS necessitates desorption after every use which 

may limit its use for not many times, as the efficiency may decrease on each use. Bacterial EPS is 

composed of protein, carbohydrate and various other components that indicates role of every 

component should be investigated to apply these EPS more appropriately. Many Works are 

ongoing. In future Bacterial EPS will be a common phenomenon in every sector for removing 

heavy metals.                                    
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