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General Introduction 

slimy material that can anchor them to a variety of materials including metals, plastics, soil particles, 

medical implant materials, and tissue. Microbial biofilm formation is known to be a sequential bacterial 

development process (O'Toole eta!., 2000; Stoodley et al., 2002) and is regulated by a series of genetic 

and phenotypic determinants (O'Toole et al., 2000; Stoodley et a!., 2002; Sauer et al., 2002; Davey et 

al., 2003). Simple screening methods such as isolation of biofilm defective mutants have contributed 

greatly to understanding the genetics of biofilm developmental process and added significant 

information into the genetic basis of biofilm development. 

II. Definition of Biofilm 

A number of working definition has come over the year. The structure and composition of the biofilm 

different one environmental niche to another, the definition of biofilm is ambiguous. 

Costerton eta! (1987) described biofilm as a matrix containing nutrient channels analogous to 

tissues of higher (1993) described it as "a community of microbes 

embedded in an organic polymer matrix, adhering to a surface'. Percival et al. (2000) recognized biofilm 

as "microbial cells immobilized in a matrix of extracellular polymers acting as an independent 

functioning homeostatistically regulated". Microbially derived biofilm 

currently defined and characterized by Donlan and Costerton (2002) as follows: 

-Cells that are irreversibly attached to the substratum or interfaces or to each other. 

-Cells that are embedded in a matrix of extracellular polymeric substances that 

produced, and 

ibit an altered phenotype with respect to rate and gene transcription. 

III. Biofilm mode of growth 

IS !10\V 

The development of biofilm is a complex and multistage process which is dependent on a variety of 

variables including the type of microorganism, the surface of attachment, environmental factors and 

expression of biofilm specific genes (Carpentier and Cerf, 1993; Dunne, 2002). Initial adhesion of 

bacteria to the abiotic surfaces is primarily non-specific (e.g. involving hydrophobic) interaction, 

whereas adhesion to living tissue involves molecular interaction with ligand, lectin or adhesin 

(Carpentier and Cerf, 1993; Dunne, 2002). The initial adhesion between bacteria and abiotic surface is 

generally said to be reversible and occurs between conditioned surface and planktonic cell. After the 

successful attachment to the surface, the bacteria aggregate together and produce an extracellular 
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General Introduction 

polysaccharide matrix (Costerton et al., 1999), which encases the cells together in a biofilm. A mature 

biofilm consists of heterogeneous microbial community, interstitial voids and water-filled channels 

within the matrix (Sutherland 2001 ). These channels are known to promote the influx of nutrients and 

the efflux of waste products. Occasionally some individual cells from the mature biofilm are released; 

these then disperse and multiply rapidly, in so doing they colonize other places. The formation of mature 

biofilm is influenced by a number of biological factors and hydrodynamics features (Stoodley et al., 

2002). The biological factors include cell-to-cell signaling betvveen the biofilm bacteria, the growth rate 

ofthe bacteria, extent ofEPS production, motility ofthe biofilm bacteria as well as possible competition 

and cooperation between the bacteria (Kolari, 2003). 

IV. Developmental stages in biofilm formation 

development of bacterial biofilm has been reviewed by many authors (Costerton et aL, 

Toole et aL, 2000; Reisner et al., 2003; Haii-Stoodley eta!., 2004; Watnick and Kolter, 2000; 

Parsek and Fuqua, 2004; Stoodley et al., 2002; Donlan and Costerton, 2002; Davey and O'Toole, 2000) 

and found to be similar in most of the organisms including E.<,·cherichia coli, Pseudomonasfluorescence 

(Pratt and Kolter, 1998; Reisner et a!., 2003; Tremoulet et al., 2002), Pseudomonas aeruginosa 

(Stoodley et al 2002; Sauer et al., 2002), Vibrio cholerae (Watnick and Kolter, 1999), Staphylococcus 

aureus (Fux et a!., 2003). The development process consists of some basic steps including initiation, 

microcolony formation and maturation along with EPS production and finally dispersal of individual 

cells so as to continue the process at some other locations. Palmer and White (1997) described biofilm 

development as a five stage process including (i) Development of surface conditioning film (ii) 

Movement organism into closer proximity with the surface (iii) Adhesion (reversible and irreversible 

adhesion of the microbe to the conditioned surface) (iv) Growth and division of the organisms with the 

colonization of the surface, microcolony formation and biofilm formation; phenotype and genotype 

changes (v) Biofilm cell detachment/ dispersal. According to Sauer et al. (2002) the five stages of 

biofihn development includes i) reversible attachment ii) irreversible attachment iii) maturation- I iv) 

maturation-2 and v) dispersal. Biofilm formation in vitro involves the following five stages (Stoodley et 

al., 2002; Annous et al., 2009): 

1. Reversible adhesion of bacterial cells to a surface. 

2. Irreversible adhesion involving the formation of exoploymeric material. 

3. Formation of microcolonies and the initiation ofbiofilm formation. 
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General Introduction 

4. Maturation of biofilm with a three-dimensional structure consisting of cells packed in clusters 

with channels between the clusters that allow transport of water and nutrients and waste removal. 

5. Detachment and dispersion of cells from the biofilm and initiation of new biofilm. 

Fig. 1: Developmental stages of biofilm.(l) Initial attachment; (2) Irreversible attachment with 

formation; (3) Formation of microcolonies; (4) Maturation with the tonnation of voids and water 

channels; (5) Dispersal 

Initial adherence to the surface (reversible and irreversible adhesion to the surface) 

The initial adhesion of bacterial cells to the surface consists of two-steps, reversible and irreversible 

(Zobell, 1943). The reversible attachment is a temporary process and involves weak interactions such as 

Lifshitz-van der Waals and Lewis acid-base which are considered important for the initial attachment of 

bacteria (Israelachvili, 1992.),while the irreversible permanent attachment involves the expression of 

speci fie bacterial adhesins (Whittaker et aL, I 996). The bacterium possesses many surface appendages 

which aid in the initial adhesion to the solid surface; these include pili, flagella, fimbriae and EPS. In 

Pseudomonas aeruginosa, flagella and type IV pili facilitates the early attachment (O'Toole and Kolter, 

1998). Staphylococcus epidermidis and S. aureus produces a polysaccharide interceJlular adhesion, 

which is related with cell-to-cell adhesion and biofilm formation (Crampton et al., 1999; Heilmann et 

al., 1996). In Acinetobacter baumanii, pilli plays a critical role in the initial adhesion to a surface 

(Gaddy and Actis, 2009). Fimbriae and antigen 43 are found to be important adhesins in Escherichia 

coli (Houdt and Michiels, 2005). In Vibrio cholerae flagella and fimbriae are necessary for initial 

adherences to solid surfaces (Heithoff and Mahan, 2004). 
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General Introduction 

Another important phenomenon in the initial adhesion of bacteria to abiotic surfaces IS the 

surface conditioning (Carpentier and Cerf, 1993; Korber et al., 1995). Surface conditioning 1s the 

deposition of organic and inorganic matter onto the surfaces immersed in aquatic environment (Loeb 

and Neihof, 1977; Characklis and Escher, 1988; Taylor et a!., 1997). In aquatic or terrestrial 

environment the conditioning layer is made up of complex polysaccharides, glycoproteins and humic 

compounds (Chamberlain, 1992; Marshall et al., 1971; Baier, 1980; Rittle et al., 1990). Generally most 

bacteria moving from the aqueous phase towards a surface have their initial contact 

surfaces. The formation of conditioned film may alter the physico-chemical properties of the 

such as surface free energy, hydrophobicity and electrostatic charges (Dickson and Koohmarare, 

and thus affect the microbial attachment process (Characklis et al., 1990; Vaudaux eta!., 1994). 

Microcolony formation, EPS production and maturation of biofilm 

the attachment to the surface, irreversible adhesion is continued through the secretion 

extracellular cementing substance known as extracellular polymeric substances (EPS). This polymeric 

substance also provides the structural framework for the biofilm. The association of EPS in bacterial 

attachment been well documented by many authors (Corpe, 1970; Marshall et al., 1971; Czaczyk 

and Myszka, 2007). The EPS may account for 50% to 90% of the total organic carbon of biofilm 

(Flemming et al., 2000) and is primarily composed of polysaccharide. In a number of gram negative 

bacteria the polysaccharide is neutral or polyanionic. The anionic nature is thought to be due to the 

presence of uronic acids or ketal-linked pyruvate which is thought to enhance the binding of divilant 

cations such as calcium and magnesium, thus allowing greater strength to the biofilm (Davey and 

2000). Apart from polysaccharides the EPS may consist of different classes of macromolecules 

such as glycoprotein, protein, cellulose, lipid, glycolipid and nucleic acid (Czaczyk & Myszka, 2007; 

Sutherland, 2001; Branda et al., 2005). 

Further the surface attached bacterial cells multiply resulting in microcolony formation and 

maturation of the biofilm. The formation of micrcolonies has been well studied in P. aeruginosa 

(Harmsen et a!., 201 0). The cellular multiplication and aggregation in P. aeruginosa results in the 

formation of mushroom-shaped microcolnies with interconnecting void channels that are thought to be 

involved in nutrient transport and waste efflux within the microcolonies. These mushroom-shaped 

multicellular structures form due to a maturation process that requires cell-to-cell signaling (Costerton et 

al., 1999; O'Toole et al., 2000; Stoodley et al., 2002). During the maturation process, the gene 

expression pattern of attached cell undergoes significant changes from the free floating (planktonic) cell. 
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General Introduction 

More than 300 proteins have been detected in biofilm cells of P. aeruginosa, that were absent in the 

planktonic cell (Sauer et al., 2002; Whiteley et al., 2001 ). 

Bacterial cell-to-cell communication: Quorum sensing 

The role of quorum sensing in the regulation of biofilm has been first reported by Davies et al. (1998) 

which initiated a period of active research in the cell-to-cell signaling in biofilms. He showed that /asJ

mutant cells of P. aeruginosa that were unable to synthesize the QS signaling molecule [30C 12-HSL 

(3-oxododecanoylhomoserine lactone)] produced undifferentiated biofilm architecture and are also 

sensitive to biocide SDS. Supplementation of las!- mutant cells with 30C 12-HSL resulted in 

architecture similar to the wild type biofilm. The process of cell-to-cell communication in bacterial 

popuiation is known to occur via small diffusible signaling rnolecules recognized as autoinducer. These 

signal molecules are produced by the bacterial cells and their concentration in the environment depends 

on the population density. When a threshold concentration is reached, the signal can induce other 

bacteria leading to the induction or repression of certain target genes. 

conrli'nt:ratxon of 
autoimluf<'l"lli'~ds to 
indmtion: :mp£li'sslon 
of {l!'lt'lin g<'n"s 

Fig. 2: Bacterial quorum sensing and EPS synthesis. 

F)L-plli'ssum of tmgli't gli'n<' and bwsynlh<'.'<L~ 
of EPS maiTL't 

This phenomenon of cell-density-dependent gene regulation ts most commonly known as quorum 

sensing (QS). The chemical nature of signaling molecules involved in the quorum sensing is diverse, 

however gram negative bacteria most commonly employs N-acylhomoserine lactones (AHLs). For 

example species of Acidithiobacillus, Acinetobacter, Aeromonas, Agrobacterium, Brucella, 

Burkholderia, Erwinia, Enterobacter, Chromobacterium, Hafnia, Mesorhizobium, Methylobacter, 

Paracoccus, Pseudomonas, Ralstonia, Rhodobacter, Rhizobium, Rhanella, Serratia, Sinorhizobium, 

Vibrio and Yersinia (Williams et al., 2007) are known to use AHLs as their major signaling molecule. 

Not only in the biofilm formation but also in the dispersal, quorum sensing plays a significant role. In 
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General Introduction 

Rhodobacter sphaeroides (mutant cells) the addition of 7 ,8-cis-tetradecenoyl-HSL to the cell aggregate 

resulted in cell dispersion leading to the growth of free individual cells in suspension (Greenberg, 1999). 

Similarly, O'Toole et al. (2000) reported the decrease of P. fluorescens biofilm and failure of EPS 

synthesis in presence of AHLs and/or another factor in stationary-phase culture supernatants. These 

studies suggest the possible role of AHL signals in biofilm dispersal. 

Dispersal 

Like all other organisms, surface attached biofilm must release and disperse ceils into the 

in order to colonize a new site. Dispersal of cells from the biofilm is an essential step to 

biofilm mode the life cycle. The molecular mechanism of bacterial biofilm dispersal ts 

fascinating area of research that mav 
~ . in development agents 

or mechanism dispersal in 

a or of 

force of aqueous medium (Stoodley et 2001 a; Stood ley et al., 200 l b). Bacteriai cells are also 

routinely dispersed from the biofilms an active dispersal event where sessile, matrix-encased biofilm 

cells are converted into planktonic Mechanisms involved the dispersal of 

biofilm cells are yet to be completely explored and little is known about the regulatory pathways 

involved in the release bacterial cells from the biofilm. Processes now known to play a role in biofilm 

dispersal include the release of hydrolytic enzymes by the biofilm growing cell and subsequent 

breakdown of biofilm matrix (Boyd and Chakrabarty, 1994; Xun et aL, 1990; Allison et aL, 1998), and 

the production of surfactants which loosen cells promotes detachment from the biofilm (Davey et a!., 

2003 ). Dispersal can be under certain regulatory process involving cyclic di-GMP levels inside the 

cells (Simm et al., 2004), that are central regulators between the transition from sessile (biofilm) to 

motile (planktonic) phenotype (or vice-versa), and signal molecules produced by the bacteria (quorum 

sensing) such acyl homoserine lactones (Rice et a1., 2005). Other physico-chemical parameters like 

oxygen or carbon substrate concentration, and pH has also been reported to trigger dispersion of mature 

biofilms 111 vanous organisms, including P. aeruginosa, P. putida, and Shewanella 

oneidensis (Applegate and Bryers, 1991; Gjermansen et al., 2005; Thormann et al., 2005; Tolker

Nielsen eta!., 2000). Recently the production of free radicals such as nitric oxide (NO) by P. aeruginosa 

has been implicated with the dispersal process (Barraud et al., 2006). ln a microarray study, Firoved et 

a!. (2004) has revealed that certain genes involved in the adherence of P. aeruginosa were down 

regulated upon exposure to NO. 
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General Introduction 

Cell lysis within the biofilm is yet a_nother process of dispersion which is best understood in P. 

aeruginosa and Pseudoaltermonas tunicate (Webb et al., 2003; Mai-Prochnow et al., 2006). In many 

biofilms, cell death regularly occurs with spatial organization inside mature microcolonies, and kills 

only a fraction of cells within the biofilm. It is proposed that the autolysis leads to destabilization and 

disruption of biofilm architecture and thus promote conversion of surviving cells to the motile dispersal 

phenotype (Webb, 2007). In P. aeruginosa, inside microcolonies, prophage-mediated cell death has 

been reported as an important rnechanism of differentiation that assists dispersal of a 

surviving cells (Webb et al., 2003). 

V. Protection from the Environment 

biofilm provide a shelter and to 

component 

potential to 

IS made up of extracellular polymeric substance. This matrix has 

the influx of antimicrobial agents thereby restricting the diffusion of 

these compounds from environment into the biofilm (Gilbert et al., 1997). EPS has shown to have 

metal binding property and thus can sequester toxic metal ions and provide protective functions (Geddie 

Sutherland, 1993; Wolfaardt et 1999). In addition to metal binding abil , the EPS can also 

sequester nutrients and minerals from the environment. This binding property of EPS is primarily due to 

the presence of ionizable functional groups such as carboxyl, phosphoric, amine, and hydroxyl groups in 

the EPS (Rudd et aL 1984). Mittleman and Geesey (1985) found that the purified EPS from the capsule 

of a freshwater sediment bacterium is capable of binding copper. Farag et a!. (1998) reported the 

concentration of metals (Ar, Cd., Pb, Hg, and Zn) in different food web components including bacterial 

biofilms of the Coeur d'Alene River Basin in Idaho. In addition. various other authors have reported the 

stimulatory effect of metal ions on the biofilm formation. Lapaglia and Hartzell (1997) observed an 

induction of biofilm in the growing culture of Archaeoglobus fulgidus when exposed to high 

concentration of copper and nickel. Bereswill et al. (1998) reported an increased in the production of 

amylovoran; the main polysaccharide ofEPS in Erwinia amylovora, in the presence of copper. Ordax et 

al. (201 0) showed that the EPS extract, from E.amylovora can bind copper ions and thus concluded that 

the EPS favours the survival of E. amylovora under copper stress. Similar observations of increase in 

EPS production in the presence of metal stress have been reported for other bacterial species (Morita, 

1997; Wolfaardt et al., 1999; Kidambi et al., 1995; Kazy et al., 2002; Iyer et al., 2004). EPS is also 

known to provide certain degree of protection to the biofilm cells from various environmental stresses, 
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General Introduction 

such as UV radiation, pH shifts, osmotic shock, and desiccation (Flemming, 1993; Davey and O'Toole, 

2000; Lewis, 2005; Allison and Mathew, 1992; Boke et al., 2010). 

VI. Nutrient capture and metabolic co-operativity in a biofilm 

The mature biofilm often contains voids and water channels that provide an increased surface area for 

nutrient exchange. As the water-channels are interconnected and goes deep into the biofilm, it ensures 

nutrient availability to microbial communities residing deep inside the biofilm. The biofilm traps the 

trace element and nutrient from external environment through physical trapping or electrostatic 

interaction (Stoodley et al., 1998). 

The complex biofilm architecture also provides the opportunity for metabolic cooperation, and 

niches are formed within these structures. The microcolonies developed these niches, that differ in 

their composition and metabolism. As these micrcolonies are arranged side by side, it provides an 

excellent opportunity for the exchange of substrate, removal and redistribution of metabolic end product 

The cooperation and mutual dependence are well reviewed by Davey and O'Toole (2000). 

VII, Horizontal gene transfer within biofilrn 

Biofilm provide a suitable niche in which bacteria of different microbial community can grow in close 

proxlln to each other. This provides an area of hot spot for the exchange of extrachromosomal genetic 

elements like plasmid. Indeed, the transfer of plasmid DNA via conjugation occurs at higher frequency 

in the biofilm cells as compared to their planktonic counterparts (Ehlers and Bouwer, 1999; Roberts et 

a!., 1999; Hausner and Wuertz, 1999). The horizontal transfer of conjugative plasmid adds to the 

development and stabilization of biofilm (Hausner and Wuertz, 1999; Ghigo, 2001; Molin and Tolker

Nielsen, 2003; Reisner et al., 2006; Burm0l!e et al., 2008). Since plasmid may have genes that provide 

resistance against many antimicrobial agents, biofilm formation also provides a mechanism for the 

spread of bacterial resistance to antimicrobial agents. 

Conjugal transfer of DNA (plasmid) is not the only mechanism of gene transfer in a microbial biofilm, 

another mechanism such as transformation can also be expected, as a quantity of DNA is also found in 

bi ofilm structure. This DNA is thought to be released in the biofilm matrix by the lysis of bacterial cells 

as found in the case of Streptococcus pneumoniae and Acinetobacter calcoaceticus (Steinmoen et al., 

2002: Palmen and Hellingwerf, 1995). The dense population inside the microcolonies of biofilm also 

provides an excellent opportunity for the uptake of this extracellular matrix DNA. Hendrickx et al. 

(2003) observed a high frequency transformation in the young and actively growing biofilm of 
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Acinetobacter sp. BD413 and correlated the increased transformation frequency with the DNA 

concentration and found no saturation. 

VIII. The bacterium Acinetobacter junii 

Acinetobacter junii belongs to the genus Acinetobacter. The genus Acinetobacter is composed of diverse 

aerobic, gram-negative, non-fermenting bacteria belonging to the Gammaproteobacteria. Acinetobacter 

species are commonly found in the environment and have been isolated from water, soil, human skin, 

vegetables and fruits ( Baumann, 1968; Fournier and Richet, 2006). 

Acinetobacter species are generally considered nonpathogenic to healthy individuals. They have low 

virulence but are capable causing infection in individuals with preexisting conditions or patients in 

high risk hospital. The species of Acinetobacter thai have been associated with human infection and 

disease include A. baumannii and A. calcoaceticus, A. lwofji , A. johnsonii, ursingii, A. schindleri. A. 

(Bouvet and Grimont, 1986) is a rare cause disease in humans and was associated mainly with 

bacteremia in preterm infants and pediatric oncologic patients (Linde et al., 2002). 

Biofilm formation is a common characteristic of many species of Acinetobacter. [n A. buamannii 

biofilm formation is associated with environmental survival and infections associated with medical 

devices. 

Biotechnological applications 

Species ofAcinetobacter have been attracting increasing attention m both environmental and 

biotechnological applications. Their biotechnological application has been well reviewed by Abdei-EI

Haleem (2003). Some strains of this genus are known to be involved in biodegradation of a number of 

different pollutants such as biphenyl and chlorinated biphenyl, amino acids (analine), phenol, benzoate, 

crude oil, acetonitrile, and in the removal of phosphate or heavy metals. Acinetobacter strains are also 

well studied for the production of a number of extra-and-intracellular economic products such as lipases, 

proteases, cyanophycine, bioemulsifiers and several kinds of biopolymers. 

The strain used in the present study A cinetobacter junii BB 1 A (LMG22734) is a metal-tolerant 

bacterium isolated from Torsa River ofNorthern West Bengal, India. The isolate BBIA was identified 

as a strain of Acinetobacter junii by Bhadra et al. (2006), following detailed analysis of morphological, 

10 
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physio-biochemical and 16S rRNA gene sequence. The strain was found to be tolerant to Ni2
+, As02

-, 

Cd2+ 2+ . and Hg and form bwfilm (Sarkar and Chakraborty, 2008). 

The present study dealt with the following objectives: 

IX. Objectives of the study 

l. Standardization of current basic protocol for studying biofilrn. 

20 Effect of substrata and different stress components on biofilm formation. 

3. Chemical characterization of extracellular polysaccharide involved in biofilm formation. 

Relate the stress inducing biofilm fonnationo 

5. Review the role quorum sensing in biofilm formation. 

6. !solation mutant biofilm formation. 

7. Identification genetic loci responsible for biofilm formation. 

11 
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Chapter 1 

CHAPTER! 

Studies on Biofilm Formation by A. junii BBlA 

1.1. Introduction 

in any microbial biofilm studies it is the primary requirement to use easy and reliable quantification 

techniques. Numerous methods have been used routinely in different laboratories for the cultivation and 

quantification of biofilms such as tissue culture plate (Christensen et al., 1982), tube method, congo red 

agar (Freeman et al., 1989), bioluminescent assay (Oliveira and Cunha, 201 0), piezoelectric sensors 

(Aparna,2008)~ and fluorescent tnicroscopic exatnination (Zufferey~ 1988). E.ach of these methods has 

several advantages or disadvantages, but no singly standardized protocol for assessment of biofilm 

formation by any bacterial species has been established so far. 

l.Ll.Congo Red Agar (CRA) method 

(Freeman et al., 1989) has been widely used for the screening of biofilm forming bacteria 

from diverse environments. The medium is composed of brain heart infusion agar supplemented with 

0.8 of Congo red. Congo red is knmvn to have the ability to bind the extracellular matrix component, 

including polysaccharide (Romling et aL, !988). As a result biofi!m positive strains are recognized as 

black colonies on the red solid mediurn; however, the assessment of variability in colony color may be 

difficult (Arciola et al., 200 l; Mathur, 2006). 

l .1.2. Tube method 

Tube method is another phenotypic method used to study biofilm formation. It involves visual 

examination of biofilm formation in tubes after staining with crystal violet. Both tube method and CRA 

method has been extensively used as a screening method for biofilm forming bacteria (Rossi et al., 

2007). However, the use of these tests for characterization of biofilm formation has led to conflicting 

results by different investigators (Knobloch et al., 2002). 

1.1.3.Tissue culture plate (TCP) method 

TCP method devised by Christensen et al. ( 1982) is one of the most widely used methods to identify 

biofi lm producing strains and biofilm quantification.TCP also known as microtitre plate assay involves 
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growing the culture in 96 well microtiter plate and measuring the optical density of the formed biofilm. 

The biofilm grown in microtitre plate can be analyzed and quantified in different ways such as staining 

with fluorogenic dye Syto 9: a nucleic acid stain (Honraet et al., 2005; Honraet and Nelis, 2006), 

tetrazo!ium salts 2,3-bis (2-methoxy-4-nitro-5-sulfophenyl)-5-[ (phenylamino )carbonyl]-2H-tetrazolium 

hydroxide (Berit et al., 2002; Pettit et al., 2005 ;Honraet et al., 2005), fluorescein diacetate (Honraet et 

al., 2005; Prieto et al., 2004) and crystal violet (CV) staining (Christensen et al. 1985). CV staining for 

quantification of biofilm is the most widely used method. CV is a basic dye which binds to the 

negatively charged molecules, including cell surfaces and EPS (Li eta!., 2003). By staining with crystal 

violet, rinsing and consequently solubilizing the bound dye in ethanol, the biofilm can be semi

quantitatively measured using a spectrophotometer. Merrit et al. (2005) has described a good correlation 

bet>veen crystal violet readings and viable counts. 

Table conditions for developing and performing microtiter plate biofilm assay/TCP assay. 

Organism 

Pseudomonas 
fluorescens 

Esche6chia coli 

Pseudomonas 

aeruginosa 

Staph.vlococcus aureus 

Incubation 

temperature 

30 

25 

25-37 

Solvent for solubilization of Reference 

stained biofilms 

95% ethanol O'Toole 

1998 

80% ethanol/20% acetone O'Toole eta! 1999 

30% acetic acid Zegans et al., 2009 

glacial acetic acid Stepanovic et al., 

1.1.4. Environmental factors affecting biofilm formation 

Bacteria are thought to form biofilm when they sense environmental conditions that activate the 

conversion of free floating planktonic form to surface attached biofilm growth (Watnick, 1999; Stanley, 

1983; Wang, 1996; Pratt 1998; Palmer, 1997; O'Toole, 1998; O'Toole, 2000; Fletcher, 1986). These 

environmental conditions can vary, depending upon the type of bacteria and include nature of the 

attachment surface (Verran and Boyd, 2001), nutrient availability (Allan eta!., 2002; Ebrey et al., 2004; 

Huang eta!., 1994) etc. The environmental factors may vary among organisms but in many cases it is 

still not clear exactly how these factors interact, or which factors governs the biofilm formation in 

particular bacterial genera. 
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1.1.4.1. Surface 

It is the natural affinity of microorganisms to adhere to surface as a survival mechanism and bacterial 

colonization of surfaces has been described as a crucial and natural strategy in diverse ecosystem 

(Donlan, 2002; Dunne, 2002). The surface could be a dead or living tissue, or any inert surface. The 

microbial attachment to the surface is a complex process, affected by many variables (Pratt, 1998). The 

attachment surface may have several characteristics that are significantly affects the attachment process. 

Microbial colonization appears to increase as the surface roughness increases (Characklis et al., 1990). 

Other characteristics of substrata such as hydrophobicity and the non polar nature of plastic and teflon 

was shown to promote bacterial adherence as compared to hydrophilic metals (Fletcher and Loeb, 1979; 

Pringle and Fletcher, J 983; Bendinger, 1993). Prior to attachment to a surface, conditioning takes place 

development of organic fiim on the surface. This conditioning may alter the physico-chemical 

thus affecting rate extent of microbial attachment and Neiho[ 

1975; Kumar and Anand, 1998). 

1. 1.4.2. surface hydrophobici(v 

Cell surface hydrophobicity is one of the physico-chemical factors that contribute to the process of 

attachment of microbial cell to solid surfaces in natural environment (Marshall and Cruickshank, i 973; 

Busscher et al., 1990). It is an important factor which determines the electrostatic interaction between 

the cell and the substratum (van Loosdrecht et al., 1 990). Most bacteria are negatively charged and 

contain hydrophobic surface components like fimbriae (Rosenberg and Kjelleberg, 1986). These 

hydrophobic components may play essential role in the interaction with the substrata (Busscher and 

Weerkamp, 1987). Rosenberg (1986, 1990) revealed that the cell surface hydrophobicity is a major 

determinant of bacterial cell adherence to the wide variety of surfaces. Many investigators have found 

that microorganisms attach more rapidly to hydrophobic and non-polar surfaces than hydrophilic 

surfaces (Donlan, 2002; Flemming and Wingender, 2001 ). Increase in surface hydrophobicty has been 

shown to increase the adhesion of vegetative cells (Sinde and Carballo, 2000) and freshwater bacteria 

(Pringle and Fletcher, 1983). 

Cell surface hydrophobicity of the bacteria can be measured by several methods, such as contact 

angle measurement (Absolom et al., 1983; Busscher et al., 1984), hydrophobic interaction 

chromatography (Pedersen, 1981; Stenstrom, 1989), and microbial-adhesion-to-hydrocarbon (MATH) 

testing (Rosenberg et al., 1980). The selection of appropriate test depends on the purpose of 
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measurement since the results of these tests are applicable only for particular populations of microbial 

strains (Dillon et al., 1986; Rosenberg eta!., 1980; Vander Mei et al., 1987). 

1.1.4.3. Nutrients 

Nutrient levels are another environmental factor which has profound effect on biofilm formation and 

known to regulate the depth of biofihn (Stanley and Lazazzera, 2004 ). Moreover the structure and 

amount of biofilm production has also been related to the nutrient availability (Wimpenny 

Colasanti, 1997). Biofilms can be formed under varying nutrient levels, ranging from nutrient rich to 

nutrient poor (Prakash et al., 2003). ln nutrient rich environment, biofilms are more profuse, 

packed and thicker (Allison et al., 2000; Prakash et al., 2003; Roche and Lebeault, 2007). O'Toole et 

(2000) has that the high concentration of supports bacterial 

the planktonic to biofilm state. Many investigators have shown that the increase in nutrient level 1s 

associated with an increase in the number of attached bacterial cells (Cown et al., 1991; Dunne, 2002; 

Prakash et al., 2003). Howevec some the shows the formation ofbiofilms under low nutrient 

concentration (Hsueh et al., 2006; Rice et al., 2005). 

l. 1.4.4. Characteristics of growth medium 

physico-chemical properties grmvth medium may have a profound effect on the process of 

bacterial cell such as attachment to the surface. These factors include the type of growth medium, 

presence different electrolyte species (type and concentration of cations), pH (McEldowney and 

Fletcher. !986; Stanley, 1983), temperature (Fletcher, 1977; Harber et al., 1983) and ionic strength of 

medium. Studies on the biofilm formation bv some E•;cherichia coli and Klebsiella ., 

pneumoniae isolates have shown that the growth medium has a significant effect on the biofilm 

formation (Hancock et al., 2011 ). In a study, Fletcher (1988) fotmd that an increase in the concentration 

of several cations (sodium, calcium, lanthanum, ferric iron) affected the adhesion of Pseudomonas 

fluorescens to glass surfaces, most probably by neutralizing the negative charge on cell surface and thus 

reducing the repulsive forces between the bacterial cells and the glass surfaces. The effect of pH levels 

of the suspending medium has received comparatively little attention. Although the details of the 

environmental signals triggering biofilm formation may vary from organism to organism, it is now clear 

that the environmental parameters have a profound impact on the transition between planktonic and 

biofilm growth. 
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1.2. Materials and Methods 

1.2.1. Reagents and Chemicals 

All the chemicals and reagents used in the experiment were of analytical grade (AR) and purchased from 

E. Merck, India. The growth media or its components used were purchased from HiMedia, India. 

1.2.2. Maintenance of bacterial strain 

For short-term preservation and routine use, stock bacterial culture of Acinetobacter BB 1 A vvas 

maintained on Luria-Bertani(LB) agar slant containing peptone, l 0 g/l; yeast extract 5 g/1; NaCl, 10 

and agar 15g/l, at pH 7.0. LB agar medium was sterilized by autoclaving at 121 oc for 4 

was into the test tubes to form agar slant /\_ loopfu! of 

samples was streaked on LB agar slant and incubated at 30 oc for 24 culture was 

at 4 long-term culture in 10-15% glycerol was stored at 

sub·-cultured after every 3 months. 

1 Inoculum preparation 

The strain BB1A was sub cultured into LB broth (peptone,10 g/l; yeast extract, 5 g/l; and NaCl, 10 g/1; 

pH Brain Heart Infusion (BHi) (calf brain infusion from. 200 g/ !; beef heart infusion from, 250 

I; proteose peptone, 10 g/ I; glucose, 2 g/ I; NaCl, 5 g/ I; and Na2HP04, 2.5 g/ l; pH 7.4 ± 0.2) or 

Trypticase soy broth (TSB) (pancreatic digest of casein, 17 g/1; papaic digest of soy, 3 gil; NaCl, 5 g/1; 

K;J1P04, 2.5 g/1; glucose, 2.5 g/i; pH 7.2 ± 0.2). The culture broth was incubated aerobically at 30 oc for 

24 h under static condition. The bacterial growth was measured by taking absorbance at 600 nm and was 

adjusted so as to 0. D600 value of 0.30. was used as inoculum further experiments. 

1.2.4. Standardization of protocol for biofilm assay 

1.2.4.1.Tissue culture plate method (TCP) 

The TCP assay described by Christensen et al. ( 1982) is the most widely used method and was 

considered as standard test for detection of biofilm formation. For the experiment 50 ml LB broth in a 

250 ml Erlenmeyer flask was inoculated with 2% (v/v) overnight grown culture ofBB lA. 0.2 ml aliquot 

from this was then used to fill individual wells of sterile 96 well flat-bottom polystyrene tissue culture 

plates (Tm·son, Kolkata, India) and only broth served as control to check sterility and non-specific 

binding of media. The tissue culture plates were incubated for 48 h at 30 oc without shaking. After 

incubation, content of each well was gently removed by invetiing the plates over tissue paper. The wells 
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were then washed two times with 0.2 ml of phosphate buffer saline (NaCl, 8 g/l; KCl, 0.2 g/1; 

NazHP04, 1.44 g/1; KH2P04, 0.24 g/1; pH 7.4±0.2) to remove free-floating 'planktonic' bacteria. Biofilm 

formed by the adherent 'sessile' organisms in plate were fixed and stained with crystal violet. Excess 

stain was rinsed off by thorough washing with deionized water and plates were kept for drying. The 

stain was then solubilized and optical density (OD) of the resulting solution of each well was measured 

at 540 nm (00540) using an automated microtitre plate reader (MERCK MIOS junior, USA). These OD 

values were considered as an index of bacteria adhering to surface and forming biofilms. Experiment 

\Vas performed in triplicate with different conditions of staining, fixing and de-colorization. 

Staining of biofilm was done with 0.2 ml ofO.I% or 0.05% CV for l min. For fixation ofbiofilm 

in the plates, three protocols were compared. In first trial, cells were heat fixed at 80 oc for 30 min, in 

2nd case, wells were flooded with 2% sodium acetate (Mathur, 2006) for 15 min and in the third case 

methanol (Stepanovic et al., 2001) was employed tor 5 min. Stain solubilization was done with 95% 

ethanoi or glacial acetic acid. To compensate for background absorbance, the mean OD value 

obtained from media ! was deducted all. test OD The experiment was 

repeated thrice and the optimized protocol was further used for biofilm assay. 

1.2.4.2. Tube method 

As described by Christensen et al 1982, this is a qualitative method for biofilm detection. A loopful of 

test organisms was inoculated in a test tube containing 10 ml of LB broth. The tubes were incubated at 

30 oc for 48 h. After incubation. tubes were decanted and washed with phosphate butler saline (pH 7.3) 

and dried. Tubes were then stained with crystal violet (0.1 %). Excess stain was washed with deionized 

water. Tubes were dried in inverted position. Biofilm formation was considered positive when a visible 

film lined the wall and the bottom of the tube. 

1.2.4.3.Congo Red Agar method 

Freeman et a!. (1989) has described a simple qualitative method to detect biofilm producing strains, 

using Congo Red Agar (CRA) medium. CRA medium was prepared with brain heart infusion 37 g/1, 

sucrose 20 g/1, Congo red indicator 0.8 g/1 and agar 15 g/1. Congo red stain was prepared as a 

concentrated aqueous solution and autoclaved (121 oc for I 5 min) separately from the other medium 

constituents. Then it was added to the autoclaved brain heart infusion agar. CRA plates were inoculated 

with test organisms and incubated at 30 oc for 24 h aerobically. After incubation the colony 

characteristics was recorded. 
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Bacteria cultured in 96 well tissue culture plate (flat 
bottom). Wells showing clear supernatant due to 
adherence of cells to the bottom. 

Biofilm sticked to the bottom of well (Biofilm after 
washing and fixing). 

stained with crystal violet. 

Solubilization stain 

Measurement of OD at 540 nm using Elisa reader. 

Fig. 1.1: Biofilm assay procedure using TCP method 
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1.2.5. Determination of cell surface hydrophobicity. 

The surface hydrophobicity of the bacterial cells was examined by the Microbial Adhesion to 

Hydrocarbon (MATH) assay (Geertsema-Doornbusch et al., 1993). Culture broth from different hours 

(6, 24, 48, 72 and 96 h) of incubation at 30 °C, was harvested by centrifugation (2000 x g, 15 min, 4 °C), 

washed twice in phosphate buffer saline (PBS) and finally suspended in the same buffer. The initial 

absorbance (Ao) at 600 nm of the suspension was adjusted to 0.40 ±0.02 units. 5 ml of cell suspension in 

PBS buffer was dispensed in clean and dry round bottom test tubes followed by addition of 5 ml n

hexadecane. The content was vortexed for 2 min. The tubes were then left undisturbed for 15-20 min at 

room temperature to allmv the phase separation. The aqueous phase was carefully removed a 

sterile Pasteur pipette and absorbance (A 1) was recorded at 600 nm. Cell surface hydrophobicity in terms 

of per cent was calculated using the following formula: 

(%) Hydrophobicity = ( 1 - A 1/ A0) x 100 

L2.6.[nfluence of environmental factors on biofilm formation by A. junii BB1A 

1.2.6. 1. Influence o.lgrowth media 

compare 

dit1erent media 

effect nutrients lahil on bionlm formation. BBJ A was grovv'n in three 

TSB, LB, and BHI. 0.2 ml of each media in 96 well microtiter was inoculated with 

the overnight culture grown in the respective media and incubated at 30 for different time 

intervals (24, 48 and 72 h) as it considerably influences the amount of biofilm produced and highest 

density of cells in biofilm reach at optimum incubation period. The amount of biofilm formed was 

determined by optimized TCP method. 

For testing the effect of nutrient starvation, the media (LB, TSB and BHI) was diluted to l: I, 

I: l 0 and 1 :20 times in distilled water to make a final volume of l 0 ml each and sterilized. Each dilution 

as well as control (without dilution) was inoculated with 2% overnight grown culture. Prior to 

inoculation, cell pellets were harvested from 10 ml overnight grown culture. The cell pellets were 

washed twice with PBS buffer (pH 7 .4±0.2) and re-suspended in l 0 ml of the same buffer; this was then 

used as inoculum. The experiment was done in 96 well microtitre plate using 0.2 ml inoculated media in 

each well and in two sets. After incubation at 30 oc for 48 h, one set was used for biofilm quantification 

using optimized TCP method as described previously and the other set tor estimation of growth by 

measuring optical density at 600 nm (00600). 
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1.2.6.2.lnfluence of substrata (abiotic surfaces) 

10 ml of LB broth in borosilicate (15xl25 mm), polystyrene (12x75 mm) or polypropylene (12x75 mm) 

sterile Petri-dish was inoculated with 2% of an overnight grown culture. Each Petri-dish containing 

media was inoculated in duplicates and were incubated for 48 h at 30 °C. After 48 h, plates were 

compared for the percentage of cells adhered to the plate. This was measured by the method described 

by Sarkar and Chakraborty (2008). To determine the % adherence, absorbance of the attached cells and 

absorbance of the complete content (total biomass) ofthe plates were determined. For attached 

medium from each plate was discarded without disturbing the attached cell and then I 0 

broth added follovved by vigorous shaking and repeated aspiration up and down using a 

For total biomass, complete content from one set of plate was withdrawn and homogenized 

shaking. The was measured at 600 nm (00600). Percentage adherence >vvas 

using the formula: 

%Adherence= (attached cell biomass)/ (total biomass) x l 00 

1.2.6.3. Influence of incubation temperature 

A. B B 1 A to form biofllm at different temperatures (20. 30, and 40 was 

studied in 96 well microtitre plate containing 0.2 m! of LB media/ well. After incubation for different 

the biofitm was quantified through the optimized TCP method. 

i .2.6.4. Influence of carbon source 

Cells were grovvn in LB, LB+ O.OSM glucose, LB+0.05M sucrose, LB+O.OSM lactose, LB +0.05M 

galactose, LB+0.05M arabinose and LB-+-0.05M rhamnose. The biofilm formed in polystyrene microtitre 

plates was quantified as described earlier. 

l.2.6.5.lnjluence ofpH 

The effect of pH was investigated by allowing biofilm formation in LB broth, adjusted before the 

autoclaving to pH values of 4-10 with buffers. pH was determined after autoclaving to ensure that the 

values were maintained. The experiment was done in microtitre plate and biofilm was quantified after 48 

h of incubation at 30 oc with optimized TCP method. 

1.2.6.6.lnjluence of ionic strength 

In order to determine the effect of ionic strength on the biofilm formation. A. junii BB 1 A was grown in 

LB broth supplemented with different concentration ofNaCI (1 to 4% NaCl). The experiment was clone 
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in 96 well polystyrene microtitre plate. Biofilm formation was quantified after 48 h of incubation at 30 

oc. 

1.2.6.7. Influence of static and dynamic condition 

Influence of static and dynamic condition on the biofilm formation was evaluated by incubating the 

inoculated media in microtitre plates with or without shaking (1 00 rpm on horizontal shaker). 10 ml LB 

broth was inoculated with 2% of overnight grown culture. From this 0.2 ml, was dispensed in each weli 

of microtitre plate. One set of microtitre plate was kept at 100 rpm on horizontal shaker at 30 oc and the 

other set was kept without shaking. After incubation period of 48 h, quantitative analysis of biofilm was 

done by the optimized protocol. 
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l.3. Results 

1.3.1. Standardization of protocol for studying biofilm 

1.3.1.1. TCP method 

Fixation. Comparative fixation of adhered cell on microtitre plate by sodium actetae, methanol and by 

application of heat revealed that, fixing with either heat or methanol gives the same result with more 

absorbance at 540 nm. Fixation with sodium acetate resulted in lower O.D540 values. 

Staining: It was observed that staining with 0.!% violet yielded better result in comparison to 

staining with crystal violet for 1 min. 

De-colorization: the stained ethanol or glacial revealed that 

glacial was better de-colorizing agent it completely decolorized the stained biofilm while 

ethanol resulted* incomplete decolorization. 

Thus method using methanol fixation, 0.1% CV staining and 33% glacial acetic acid as de-

colorizing agent was found to be effective for quantification of biofilm formed by A. 

optimized parameters were followed in other experiments. 

BBIA. The 
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Sodium acetate fixing, M: Methanol fixing, E: Decolorisation with ethanol, G: 

Decolorisation with 30% glacial acetic acid) 

Fig.l.2: Quantification ofbiofilm hy TCP method: comparison of different assay conditions such as 

fixing, staining and solubilization. 
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1.3.1.2.Tube Method 

In tube method, biofilm was formed at the bottom of the glass tube. Large portion of the biofilm get 

detached during the crystal violet staining and it gets poorly stained (Fig. 1.3). 

Fig. 1.3: Biofilm detection by Tube method. 

1.3.1.3. Congo Red Agar method 

ln CRA method the colonies of A. junii BB 1A displayed dark red colored colony without dry crystalline 

morphology. 

1.3.2. Cell surface hydrophobici{v 

The hydrophobicity of the bacterial cell surfaces was determined by measuring the percentage of 

adhesion to n-hexadecane. It was found that the cell surface hydophobicity of A. junii cell increases with 

the growth phase. They are least hydrophobic (42%) during 12 h growth while the hydrophobicity 

increases to 93% after 24 h and remains constant upto 96 h of growth (Fig. 1.4). 
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Fig. 1.4: Cell surface hydrophobicity of A. junii BB lA measured after different growth periods. 
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1.3.3. Influence of environmental factors on biofilm formation by A. junii BBlA 

1.3.3.1. Influence of growth media 

The biofilm formation by A. junii BB lA m three different media namely LB, TSB and BHI was 

compared. As revealed from the figure 1.5a, the amount of biofim formed in the three growth media 

increased in the following order: BHI (0.0540 of 2.31±0.l)>TSB (0.0540 of 1.83±0.05)>LB (0.0540 of 

1.56±0.01). Growth of the culture was also found to be in the similar order BHI (O.D6oo 

0.68±0.03)> TSB (0.0540 of 0.58±0.02)> LB (0.0540 of 0.44±0.02). Dilution of the grO\vth medium 

resulted in a decrease in both groVvth and biofilm formation as shown in the figure. 1.5b. 
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Fig. 1.5: a) Effect of different media on growth and biofilm formation. 
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Fig. 1.5: b) Effect of media dilution on growth and biofilm formation. 
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1.3.3.2. Influence of substrata (abiotic surfaces) 

Biofilm formation by A. junii BB lA in LB medium was studied in three different Petri-dishes made of 

borosilicate glass or polystyrene or polypropylene. Quantitative analysis showed that the amount of A. 

junii BB lA biofilm formed on polystyrene and polypropylene are quite similar however they differ 

significantly with the biofilm formed on borosilicate glass (Fig.l.6). The percentage of attached cells 

were higher on polystyrene(% adherence= 80.9) and polypropylene(% adherence= 81.5) surface while 

least adherence was observed on glass surface(% adherence =72.2). 

1.3.3.3. Effect of incubation temperature on biofilm formation 

Biofilm formation and growth of A. junii BB lA was tested at various growth temperatures (20, 25, 30, 

and 40 °C). The mean quantity of growth as well as biofilm formed at 30 oc after 48h were higher 

than those formed at 20, 25 35 and 40 oc (Fig.l.7). 
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Fig. 1.6: Biofilm formation on different abiotic 
surfaces. 

1.3.3.4. Effect of pH 
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The growth at pH 7 and 8 shows no marked differences, however the amount of biofilm was highest at 

pH 8 (Fig. 1.8). No growth or biofilm formed at pH below 6 and pH above 9. 

1.3.3.5. Effect of carbon source 

Effect of carbon source on the ability of A. junii BB IA to form biofilm on polystyrene surface was 

investigated at the optimum grO\vth temperature (Fig. 1.9). ft was found that quantitatively more biofilm 

formation occurred when cells were grown in LB media supplemented with sucrose (O.Ds4o= 2.3±0.15) 
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and reached a maximum (0.0540= 2.53±0.15) when supplemented with glucose. Thus, the amount of 

biofilm formation in A. junii BB I A varied with the nature of carbon source. 
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The grmvth and biofilm formation of junii BB 1 A was determined in LB media supplemented with 

different concentrations ofNaCI ( l-4% during 48 h of incubation at 30 oc. It was observed that the 

amount of biofi lm was increased in osmotic stress condition (Fig.l.l O).The effect of increasing ionic 

strength on the biofi!m formation was strongest between 3 and 3.5% NaCI on polystyrene surfaces. The 

growth of A junii BB 1 A only increased up to I .5% NaCI and further decreased with increasing salt 

concentration. 
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Fig. 1.10: Biotilm formation in LB broth supplemented with different concentration ofNaCI. 
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1.3.3. 7. Effect of dynamic condition 

The biofilm production under static and agitation was comparable (Fig.l.ll). The dynamic condition 

significantly inhibited the biofilm formation whereas; static condition favored the biofilm formation 

reaching maximum at 120 h of incubation at 30 °C. 
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Fig. 1.11: Gro\vth and biofilm formation under static or shaking condition. 
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1.4. Discussion 

A variety of methods have been developed and used for the evaluation of bacterial biofilm formation. 

The most commonly used method is the microtiter plate system with colorimetric assessment. Microtiter 

plate-based systems are simple and inexpensive yet permit evaluation of the effects of multiple factors 

on biofilm formation. Hence, in the present study microtiter plate-based method most commonly known 

as TCP or crystal violet assay (CV) was standardized to assess the biofilm formation abilities of A. junni 

BB I A.Crystal violet is most widely used for the staining of biofilm cells and its different concentrations 

(O.l 0.5% and I%) were used by various workers (Pour et a!., 20 ll; Marti et al., 20 ll; de BreU et al., 

201 0). ln this study two different concentrations of crystal violet stain (0.1% and 0.05%) were compared 

for staining of biofilm. Staining \Vith 0.1% revealed better results in comparison to staining with 0.05% 

crystal violet for l min. Prior to staining, fixation of biofilm is sometimes required, this is often helpful 

m case weakly adhered biofilms. In the present study fixation of biofilm was compared by treating 

biofi!m or treatment with sodium acetate or \Vtth methanol. Genevaux et (1996) used 

heating temperature of 80 oc for fixation of adhered cells. The fixation of attached biofilm by exposing 

them at RO tor 30 min revealed similar result as that with the fixation by methanol however methanol 

fixation takes lesser time. The fixation by 2% sodium acetate was proved to inadequate as it resulted in 

the loss biofilm during subsequent washing. Solubilization of the dye was compared by treating the 

crystal violet stained biofilm with 95% ethanol or 33% glacial acetic acid. The solublization by 33% 

glacial acetic was found to be comparatively better than by 95% ethanol lt was found that the glacial 

acetic acid can completely solubilize the dye. 

The process of biofilm formation by microorganisms IS influenced by vanous environmental 

factors such as nutrients level, pH, temperature, ionic strength, solid surface etc. Interactions between 

bacterial cells and solid surfaces are different for adhesion onto hydrophobic or hydrophilic surfaces 

(Sommer et al., 1999). The adherence of Acinetobacter to various abiotic surfaces has been studied by 

various investigators (Tomaras eta!., 2003; Brossard and Campagnari, 2011; Costa et al., 2006). These 

studies are mostly limited to the medically important Acinetobacter baumanii strain. Only few studies 

have carried out on other species particularly the environmental isolates such as A. junii. In this study, 

plastic surface such as polystyrene and polypropylene was found to be more efficient for bacterial 

attachment. The suitability of plastic surfaces for bacterial attachment is due to its hydrophobic non

polar nature, while other materials like glass, stainless steel, mica are known to be hydrophilic (Sinde 

and Carballo, 2000; Djordjevic et al.. 2002). It is obvious that the hacteria with hydrophobic cell surface 

colonies prefer plastic materials more than the hydrophilic bacteria. Previous studies have already shovvn 
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the correlation between affinity of bacteria to polystyrene and surface hydrophobicity (Rosenberg, 

1981 ). The hydrophobic nature of A. junii BB I A was established by the MA THS test which shows the 

ability of A. junii BB lA cells to adhere to hydrocarbon. Hrenovic et al. (2011) has projected the role of 

deoxy sugars, amino acids and branched polymers in the hydrophobicity A. junii. According to Pompilio 

et al. (2008) hydrophobicity is one of the determinant of adhesion and biofilm formation on polystyrene 

surfaces. 

Availability of nutrient is one of the most common [actors that can influence biofi 

(Ghannoum and O'Toole, 2004). Among the three growth media (LB, TSB, and BrU) selected 

comparison, TSB and BHI supported maximum growth as well as biofilm formation. Diluted 

was found to be least in promoting biofilm formation. Similar effect where 

concentration favored the biofilm formation has been reported some bacteria such as 

in Haji1ia (Vivas et 2008). TSB are considered as most 

commonly for biofilm formation among various bacterial genera including (Can et 

2009; Hood et al., 20 l Sechi et 2004). BHI and TSB contained large quantities of proteins and 

sugars (Bill contains g/1 of protein and 2 dextrose; TSB contains protein and 

of dextrose). The nutrient-limiting LB medium contains protein (lO g/1) and yeast extract (5 g/1) and is 

without any glucose. Cowan et al. (1991) proved in a laboratory study that an increase in nutrient 

concentration is correlated with an increase in the number of attached bacterial cells. Moreover, biofilm 

formation is found to be associated with.the synthesis of extracellular polymers, which is energetically 

demanding and carbon-expensive (Chakrabarty, 1996). The present study suggests that A. junii BB 1 A 

forms biofi!m under nutrient rich condition. In this study maximum amount of biofilm formation was 

observed in nutrient rich medium and after 48 h of incubation at 30 "C, this may be due to the fact that 

nutrient rich media support maximum growth as in the case of A. junii BB 1 A while growth in LB 

medium was less compared to TSB and BHI (Fig. 1.4A). The amount of biofilm formation of this strain 

was also found to be dependent of the type of carbon source. Since BHI and TSB medium already 

contain glucose, LB medium supplemented with different sugars was used to study the effect of carbon 

source. A. junii BB 1 A formed highest biofilm in LB medium supplemented with either glucose or 

sucrose as a carbon source. The result suggests that the carbon source available tor nutrition can have an 

important effect on biofilm maturation. ln a multi-drug resistance clinical isolate of Acintobacter 

haumanii, the adhesion to polystyrene was found to be strongly affected by growth conditions, and is 

favored in glucose-based medium (Nucleo et al., 2009). 

39 



Chapter 1 

The temperature of incubation also considerably influences the amount of biofilm produced as 

biofilm density increases with the incubation temperature. For comparison the strain was incubated at 

different temperatures (20, 25, 30, 35, and 40 °C). Maximum biofilm as well as growth was observed at 

30 °C after 48h of incubation. The result of this study is in agreement with other studies, where 30 oc of 

incubation temperature was used for biofilm formation or growth of certain Acinetobacter sp. (Tomaras 

et al., 2003; Pour et a!., 2011; Park and Park, 2011). Maximum amount of biofilm production was 

observed at pH 8 and -to a lesser extent at pH 7 while above and below these pH values, biofilm 

formation was less or negligible. and this corresponds to the growth of A. junii BB 1 A at different pH 

and temperatures. The strain was also found to tolerate high salt concentration up to 3.5% NaCl and 

form more biofi!m in presence of high concentration of NaCl. The ionic strength of the medium is 

generaiiy thought to promote biofilm forrnation by decreasing the electric diffuse double layer, which is 

a barrier against bacterial movement toward a surface (Gu et aL, 2000). The increase in bacteria 

adhesion '.vith strength has also been observed by many investigators (Camesano and Logan, 1998; 

et ai 1995; Gross andLogan, I 995). The result suggests that the strain have the potential to form 

biofilm under stressful conditions (high salt and pH). A. junii BB lA was found to form biofilm only 

other species such as baurnanii forms biofilm under both static and 

although the later result in less biofilm (Tomaras eta!., 2003). 
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CHAPTER2 

Characterization of EPS component of biofilm 

2.1. Introduction 

2.1.1.Bacterial extracellular polymeric substance (EPS) involved in biofilm formation 

EPS is considered as a major structural component of biofilm and is known to influence the microbial 

biofi!m formation process (Branda eta!., 2005; Flemming et aL 2007). It plays an important role in the 

more developed stages of cell attachment processes, also known as irreversible adhesion phase. In the 

adhesion phase, the production of EPS occurs more extensively. The interaction between the 

is made stronger the molecules and thus determines the formation of cell 

id 1995; el aL, 2001; Branda et aL, 2005). The 

EPS and 

(Sutherland, 2001 depending on the microorganisrn 

within the biofilm. Microbial EPS are generally composed of glycoprotein, polysaccharide, protein, 

and & Sutherland, 200 l; Branda et ai., 

2005). Among components of EPS, the extracellular proteins play a beneficial role in the 

microbial colonization and attachment process on different solid surfaces (Costcrton et al., 1995; Neu, 

1996). During the biofilm formation a conditioning layer is formed on the solid surface. These are made 

of proteins and other organic compounds derived from the media. EPS proteins may interact with the 

protein layer formed on the solid surface and thus initiate the primary adhesion process. In situ secretion 

of extracellular proteins has also been observed during the advanced stages of microbial attachment 

process. This enhances the attachment process by anchoring the cells on the surface (Cabanes et al., 

2002; Martinelli et al., 2002). The basic interaction involved in the attachment process via EPS proteins 

involve various forces such as van der Waals interactions, electrostatic forces and hydrophobicity of 

surfaces (Dunne, 2002; Bos et al., 1999). The literature shows clear evidence that the biosynthesis of 

extracellular proteins play a significant role in the microbial adhesion process. Dallo et al. (20 1 0) 

observed that the mutant of Acinetobacter baumannii deficient in production of the biofilm related 

proteins, exhibited deficiencies in the formation of biofilms. Gaddy and Actis (2009) reported that pili 

assembly and production of the Bap surface-adhesion protein in A. baumannii plays an important role in 

the biofilm initiation and maturation after initial attachment to abiotic surfaces. In some species of 

Acinetohacter, adhesion to hydrocarbon proceeds via proteins (Thornley, 1974; Hanson, 1994). 
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The polysaccharide component of EPS is believed to have adhesive nature. These extracellular 

polysaccharides are shown to play important role in the biofilm formation process on the solid surfaces. 

Allison and Sutherland (1987) first showed that in fresh water bacteria, extracellular polysaccharide 

production is involved iri the development of surface films. Chen and Stewart (2002) proposed the role 

of extracellular polysaccharide in both adhesion and cohesion interactions and thus play a vital role in 

maintaining structural integrity of biofilm. It is well known that the content of polysaccharides in many 

microbial biofilms is at least fivefold higher than extracellular proteins (Liu and Tay, 2001 ). Some 

investigators also suggested the role of extracellular polysaccharides in promoting the preconditioning of 

the surface, leading to more favorable adhesion (Oiiviera, 1992). Biosynthesis of extracellular 

polysaccharide component generally occurs on the cell membrane (Vanhooren and Vandamme, 1998). 

For this. the precursors, nucleoside diphophate mono-sugars (UDP-sugars), are synthesized in the 

then assembled in the periplasmic space different glycosyi transferases. Some other 

enzymes at the membrane surface polymerize the macromolecules forming extruding 

polysaccharides (Kumar et al., 2007; Sutherland, 1990). 

polysaccharides are composed homopo!ysaccharides or heteropoiysaccharides 

(Monsan et al., 2001; De Vuyst and Degeest, ! 999). The homopolysaccharides are generally made of 

only one monosaccharide D-glucose or L-fructose. A number bacteria produce 

heteropolysaccharide. These molecules are formed from repeating unites of monosaccharides such as: 

D-glucose, D-galactose, L-tructose, L-rhamnose, D-g!ucuronic acid, L-guluronic acid and D

mannuronic acid. In the genus Acinetobacter, three of its species, namely radioresistens KA53, A. 

calcoaceticus, and A. venetianus were earlier reported to produce EPS with emulsifier activity and are 

made up of heteropolysaccharides. The major sugar components of the EPS (also known as RAG-1 

emulsan) from A. calcoaceticus and A. venetianus were f)-galactosamine, L-galactosamine uronic acid, 

and a diamino, 2-deoxy N-acetylglucosamine (Bach et al., 2003), while BD-4 emulsan, a 

heptasaccharide repeat, produced by a strain of A. calcoaceticus contained L-rhamnose, D-glucose, D

glucuronic acid, and D-mannose in molar ratios of 4:1:1: 1 (Kaplan et al., 1987) 

Extracellular DNA, released by the autolysis, has recently been described as one of the structural 

components of microbial biofilm (Aim et al., 2006; Allesen-Holm eta!., 2006; Petersen eta!., 2005; Qin 

et al., 2007; Steinberger and Holden, 2005). They have been shown to have an adhesive nature (Vilain et 

al., 2009) and are involved in the initial establishment of biofilm by P. aeruginosa (Whitchurch eta!., 

2002). In some strains of P. aeruginosa, extracellular DNA has been found to act as cell-to-cell 

interconnecting compound (Whitchurch et al., 2002; Nemoto et al., 2003). The structural function of 

DNA in biotilm has been projected as their involvement in the cross-bridging (Liu et al., 2008). The 
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extracellular DNA m mature biofilm has been known to be involved in horizontal gene transfer of 

naturally competent bacteria (Jefferson, 2004). Various other authors have shown that biofilm provides 

an optimal environment for the transformation based gene transfer (Li et al., 2001; Wang et aL, 2002; 

Hendrickx et al., 2003). 

2.1.2. Factors influencing EPS production 

2.1.2.1. Nutrient content 

Nutrient levels have a significant effect on EPS production and composition. Medium with excess 

carbohydrate such as glucose has been shown to increase the production of EPS (Fleming 

Wingender, 200 J ). A variety of nitrogen sources including ammonium, nitrate, nitrite, and amino acids 

can be uti! for EPS synthesis by microorganisms (Sutherland, i 990; Amarger, 2001; Noel, 2009). 

Among these, ammonium salts and amino acids are the most common (Sutherland, 1990). The amount 

are to nitrogen substrate utilized (Datta and Basu, 1999; 

Degeest content influences the EPS 

production (Sleytr, !997). limited nitrogen in the medium, 60% ofthe glucose was converted into 

exopolysaccharides some species Aureobasidium, Sinorhizobium, Escherichia and Pseudomonas 

(Sutherland, L et 1999). The high nitrogen content in the medium induces extracellular 

protein production by microbial cells. Sanin et al.(2003) reported an increase in the production of 

exogenous proteins in Pseudomonas 

ammonium salts. 

2.1.2.2. Growth phase 

and Rhodococcus sp. cells grmvn in medium containing high 

The production of EPS at the particular growth phase is a feature of particular bacterial genera. In some 

strains of Pseudomonas aeruginosa and Staphylococcus epidermidis, the production of EPS has been 

observed during late logarithmic and early stationary phase of grov-1:h (Sutherland, 2001; Evans et al., 

1994). In many bacterial species, growth and exopolysaccharide production occur concurrently, with 

EPS biosynthesis being growth associated (Datta and Basu, 1999; De Vuyst et al., 1998; Bryan et al., 

1986; van den Berg et al., 1995). The optimum time for maximum EPS production varies with bacterial 

species. In some species maximum EPS production occurs in the exponential phase (Bramhachari and 

Dubey, 2006; Macedo et al., 2002a; van de Berg et a!., 1995), while in others, EPS production is 

maximized in the stationary phase (Datta and Basu, 1999; Petry et al., 2000; Wilkinson et al., 1955; 

Williams and Wimpenny, 1977). 
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2.1.2.3. pH of the Culture Medium 

The pH value of the culture medium has a profound effect on the EPS production. This parameter 

determines the metabolic changes and growth of the cells. Studies have shown that the extremes of pH 

of the medium (pH 2.0-3.0 or pH 1 0) resulted in inhibition of microbial growth as well as the 

biosynthesis of extracellular polymers (Stredansky and Conti, 1999; Lindsay et al., 2000). In Antrodia 

camphorate; the pH of the medium was found to have stimulatory effect on EPS production. Shu and 

lung (2004) reported the maximum EPS production in Antrodia camphorates at pH 5.0. They also 

proposed that the pH profiles of the culture medium also influence molecular mass of the EPS 

compounds. 

2.1.2.4. Cultivation Temperature 

The effect the cultivation temperature on the EPS biosynthesis has been investigated by many 

authors. In general, the optimal cultivation temperature for the production of the majority of EPS 

molecules was projected between 26 and 31 oc (Lory, ! 992; Gandhi et al., !997). Howevec in certain 

cases temperature was found to more favorable EPS production as reported in Listeria. 

Briandet et a!. ( 1999) observed that in Listeria monocytogenes cells, a cultivation temperature of l 0 oc 

induces the production of extracellular cold shock protein . 

. 3. Methods used for characterization EPS (separation and analytical methods) 

2.1.3.1. Separation r~lEPS 

The major portion of a biofilm is contributed by water, the microbial cells, EPS, and organic particles. 

Therefore EPS must be separated from the rest of the components. For an ideal separation method, it is 

important to go for a method which will result in minimal eel! lysis and no disruption or alteration of the 

extracellular polymer. Principally, the separation method must be selected for each case, considering the 

specific needs and constraints. Primarily, most of the regular separation techniques, for isolating 

components of the biotilm, used by various authors include extraction, derivatization, field flow 

fractionation, chromatography, and electrophoresis. Extraction being the most commonly applied 

techniques, used for the separation ofEPS from the biofilm, has been discussed here. 

2.1.3.2.1J.fethods of Extracting EPS 

Several physical, chemical or combined methods have been proposed to extract EPS from cells from 

different sources (e.g. biofilm, sludge and cell suspension) such as the high-speed centrifugation, 

heating, ultrasonication. Physical extraction includes centrifugation, ultrasonication and heating, 
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whereas common chemical extraction includes uses ofNaOH, ethylenediamine tetraacetic acid (EDTA) 

and cation exchange resin. 

2.1.3.2.1. Physical Methods 

Physical methods of EPS extraction involves the application of centrifugation, mixing or shaking, 

sonication, or heat treatment. These methods rely on the use of shear force to extract EPS from the 

biofilm. Brown and Lester (1980) used high speed centrifugation as an effective method for EPS 

extraction from Klebsiella aerogenes. However, for the extraction of bound EPS from microbial 

aggregates from natural systems, the method of centrifugation does not provide any fruitful extraction, 

as the components are usually strongly bounded (e.g., Novak and Haugan 1981; Frolund et al., 1996). 

Centrifugation is often used to separate loosely bound such as the soluble (slime) EPS fraction from cell 

biomass et 1992; Hebbar et al., 1992). Centrifugation is, however, always used after any 

to cell and other particles. studies, 

treatment at or for ! h. has been used, sometimes combined 

shaking. 

2.1.3.2.2. Chemical Methods 

The chemical separation method includes addition of various chemicals to the bacterial sample that can 

break different linkages in the EPS matrix, litating the release EPS. Alkaline treatment, by 

addition of NaOH, causes ionization of many charged groups, such as carboxylic groups in proteins and 

polysaccharides. This results in a strong repulsion between EPS and provides a higher water solubility of 

the molecules. Alkal inc treatment also results in hydrolysis (Hancock 

1988) along with the breakdovvn of covalent disulfide bindings ns 

promoting an extraction of these compounds. Usually l-9 N NaOH are used to pH 

repulsion among the components in the EPS matrix and the water solubility can also be increase by an 

exchange of divalent cations with monovalent ions. The divalent cations, mainly Ca2
+ and Mg2

+, are 

very important for the cross-linking of charged compounds in the EPS matrix and by removing these, 

the EPS matrix tends to fall apart. The divalent cations can be removed by using a resin, e.g., Dowex or 

by using a metal chelator such as EDT A. There are however, some problems in using EDT A. It can 

remove divalent cations fi·om the ceil wall, leading to destabilization of celi wall and release of 

components such as LPS (Johnson and Perry, 1976) and possibly also gets contaminated with cellular 

macromolecules. It may also interfere in the process of quantification of protein. Another way to carry 

out cation exchange is by using a high concentration of NaCI. It has been used for 

exopolymers from Pseudomonas (May and Chakrabarty, 1994: Christensen et al., 1985) 
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Table 2.1: Methods commonly used for the EPS extraction 

Physical methods 

Methods Mechanism 

Sonication The EPS loosen out from the matrix and get removed under 

sudden pressure created by sonication. 

Centrifugation The EPS detaches from cell surface and come to solution under 

centrifugal force. 

Reference 

J orand et al., 1995 

Fang and Jia, 1996 

'--- ·--------------------· '------

Chemical methods 
~ods j! Mechanism ·----·----------------------------- Reference 

I NaOH treatment -- --- Alkaline treatment by the addition of NaOH causes the Sheng et a!., 2005 

I

I 

1 I ionization of groups, such as the carboxylic groups, resulting in I 
1 

I a strong repulsion between the EPS and the cells, and thus I 
. I makes the_ EPS dissolve in water. 1 --------

1 Divalent cations play an important role in binding or cross- \ Sheng eta!., 2005: EDTA 

--

--

jlinking of charged groups in the EPS matrix, and thus removal I Bhaskar and Bhosle. 

I
I of these cations using EDTA causes the EPS matrix to break \2006 J 
~~- I 

I

L_AcidiC treat-.r;el1t---+-:-,l;creases th~-;:~j)tdsi~ for~ebetwe-~~1EPS ancf~ell~causing rshe;g et al., 2005 " Jt 

1 the EPS to fall away from the cell surface. I 

I 

Ethm.oi-Oxtmoiloo --t Eth,ool '"""""' '''"'" In the den,tomHon of EPS loading to . """'" ood Cbcke.l 
___ ---~ ________ J~~e weakeni:~ of ~inding force between EPS and cells. 1983 

r Crown ether I Crown ether binds to divalent metals and thus disrupts the Wuertz eta!., 2001 I 
~ binding interaction between EPS and cells. 

---e~~tra~tio~- I The c:rbohydrate and protein-hydrolyzing enzymes were used-- Sesay et al-:-,-:;2006----j 

I to disrupt the structure of sludge and dissolve the EPS. j 
._ ______________ _j _____________________ ._ ____________________ ._._ --------------- ________ _j ____ ------------·------.----------

2.1.3.3. Analytical methods for determining the constituents of EPS 

2.1.3.3.1. Colorimetric analyses 

It is well known that the chemical composition of EPS is very complex and reported to contain proteins, 

carbohydrates, nucleic acids, lipids, humic substances etc. Colorimetric analyses can be used to quantify 

these components in EPS. The carbohydrate content is usually measured by the phenol-sulfuric acid 

method or the anthrone method. The protein content can be quantified by using Lowry method, Bradford 

method, or total N-content method. The uronic acid content of the EPS can be measured by using 
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carbazole-sulfuric acid reaction. For quantification of nucleic acid content of the EPS, various methods 

have been used such as DAPI fluorescence method (Frolund et al., 1996), diphenylamine method (Liu 

and Fang, 2002), or the UV absorbance method (Boonaert eta!., 2001; Sheng eta!., 2005). 

2.1.3.3.2. Fourier transform infrared spectroscopy (FTIR) 

Infrared spectroscopy is a technique that measures the bond vibration frequencies in a molecule and can 

provide unique insights into the chemistry of functional group within a molecule (Smith, 2011 ). The 

technique is relatively simple, reproducible, nondestructive, and only small amounts of materiai 

(micrograms to nanograms) with a minimum sample preparation are required. FTIR peaks are in many 

cases can be associated with the vibration of a particular chemical bond (or a single functional group) in 

the molecule (Kang et a!., 2003; Hofman et a!., 2006). Due to the ability of infrared spectroscopy to 

identify the types and number of different chemical functional groups hydroxyl, carboxy!, amino 

etc. present at a surface in a nondestructive manner, it has been widely used in the field of chemistry 

investigators have used FT!R technique the determ functional groups m 

EPS (Edward eta!.. ! l; Bragadeeswaran et ll; Wang et aL. 2009; Baker et al., 201 Sheng et 

, 2005; Singh et al.,201l). 

2.1.3.3.3. GC-lvJS 

Gas Chromatography Chromatography-Mass Spectrometry are most 

methods for the analysis of complex carbohydrates, lipids and other natural products. Gas 

chromatography is extensively used to study the monosaccharide composition of EPS. Complete 

analysis involves the identific<Jtion and quantification of constituent sugars in a 

molecule, as \-Vel! as the identification of glycosidic linkages that connect the sugars. 

In order to determine the composition of a it is first broken dovvn 

constituent sugar by acid hydrolysis, and then corresponding alditol acetates are produced during 

dervatization step, followed by quantification through GC. To determine the positions of the glycosidic 

linkages between constituent sugars, polysaccharides are first permethylated, and then converted to 

partially methylated alditol acetates. Analysis of the alditol acetates by GC-MS allows the types of 

sugars and their glycosidic linkages to be determined. 

2.1.3.3.4. Scanning electron microscopy 

Scanning electron microscopy (SEM) is commonly used for studying the surface morphology of cells 

and other biomaterials. The technique makes use of a primary beam of electrons that interact with the 

specimen of interest, in a vacuum environment resulting in different types of electrons being emitted. 
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The secondary electrons ejected from the specimen surface are collected and displayed to provide a 

high-resolution micrograph. SEM sample preparation involves fixation (if proteins, cells, or tissue are 

present), followed by drying, attachment to a metallic stub, and then coating with a metal prior to data 

collection. In addition to imaging the surface morphology of polymeric biomaterials, the SEM can be 

combined with other analytical methods such as energy dispersive X-ray analysis (EDX) to determine 

elemental distribution and composition (Sodhi, 1996). 

2.1.3.3.5. Energv Dispersive X-ray Spectroscopy (EDS) 

Vie\ving 30 images of microscopic areas only solves half the problem in an analysis. It is sometime 

necessary to identify the different elements associated with a specimen. This can be done using the 

"bui !t-in" spectrometer called an Energy Dispersive X-ray Spectrometer (EDS). EDS utilizes X-rays that 

are 

composition 

when bombarded by the electron beam to identify the elemental 

the spec1men. When the sample is bombarded by the electron beam of the SEM, 

atoms on specimen's surface. A resulting electron vacancy is filled by 

an from a higher shelL and an is emitted to balance the energy ditlerence between the 

two electrons. The EDS X--ray detector measures the number of emitted X-rays versus their energy. The 

\S 

energy versus relative counts 

the element from which the X-ray was emitted. A spectrum 

the detected X-rays is obtained and evaluated for qualitative and 

determinations of the elements present in the specimen. 

2.1.3.3.6. Thermogravimetric analysis (TGA) 

Thermogravimetric analysis or thermal gravimetric analysis (TGA) is a type of testing performed on 

samples that measures the weight loss of a materia! as a function of temperature in a controlled 

atmosphere (Gooch, 201 0). TGA is commonly employed research and testing to determine the 

characteristics such as degradation temperature and moisture content of polymer materials including 

EPS (Mishra et al., 2011; Singh eta!., 2011 ). Analysis is carried out by increasing the temperature of the 

sample gradually and plotting weight (%) against temperature. Measurements are used primarily to 

determine the composition of polymers and to predict their thermal stability at temperatures up to 1000 

oc. 
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2.1.3.3.7. Differential Scanning Calorimetry (DSC) 

Differential Scanning Calorimetry measures the dissimilarity m heat flow between a sample and a 

reference as the material is heated or cooled. DSC instrument convert temperature differences into a 

measurement of the energy per unit mass related with the phase change that caused the temperature 

differences to arise. Any alteration in a material that involves a change in the heat content of the material 

can be detected and measured by DSC. 

These measurements provide quantitative and qualitative information about physical and 

chemical changes that involve endothermic or exothermic processes, or differences in heat capacity. A 

primary use of DSC in polymer analysis is the detection and quantification of the crystalline melting 

process. Since the crystalline state in a polymer is influenced by inherent properties such as molecular 

weight distribution and the subsequent environmental treatment, this property is of considerable 

importance. 

Many polymers are unable to crystallize under normal condition and even semi-crystalline 

contain a ficant amount of material that remains the amorphous state. Without erystals 

can no do undergo an important phase change 

knovvn as the glass transition. The glass transition is defined as the beginning of conjugated main chain 

motion, a phenomenon where extended sections of individual chains become capable of independent 

amorphous polymers the glass transition indicates the softening of polymer. DSC detects the 

glass transition as a step change in the heat capacity of the polymer. 

Degradation is a catastrophic event and involves irreversible modification that can reduce the 

performance of a material. In semi-crystalline materials degradation can be detected by DSC as decrease 

in the melting and re-crystallization temperatures as well as the energy ofthese reactions. 
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2.2. Materials and Methods 

2.2.1. EPS extraction 

For EPS extraction, BB lA was grown at 30 oc for 48 h in Brain Heart infusion (BHI) (calf brain 

infusion from, 200 g/ I; beef heart infusion from, 250 g/ I; proteose peptone, 10 g/ I; glucose, 2 g/ I; 

NaCI, 5 g/ l; and Na2HP04, 2.5 g/ I; pH 7.4 ± 0.2). The optimum growth temperature and medium, 

promoting maximum biofilm formation was selected on the basis of experiments described in chapter 1. 

EPS was extracted using different methods described in literature and was compared to select an optimal 

method with maximum EPS extraction. Prior to extraction, culture broth was homogenized by vortexing 

for 5 min in a 50 ml centrifuge tube. The different extraction methods used in this study are as follow: 

I. Centrifugation: Culture broth was centrifuged at l 0,000 x g for 20 min at 4 oc to pellet out the 

cells. Cell-free supernatant was collected. 

2. Sonication (Dignac et al., 1998): 20 ml culture broth was kept on ice bath and sonicated thrice at 

40W for I 5 sec with a time interval of l 0 sec. The sonication \vas done by an ultrasound 

generator (Utrasonic-Homogenizer, LABSONIC, Germany). 

3. Heating (Zhang et aL 1999): Culture broth was heated for l 0 min at 80 °C. 

Formaldehyde and heating and Fang, 2002): 0.06 ml of f(Jrmaldehyde was added to 

10 ml culture broth and kept at 4 oc for lh. 

5. NaOH and heating (McSwain et Culture broth was adjusted to ll usmg 

NaOH and heated to a temperature of 80 oc for 30 min. 

6. EDTA (Liu and Fang 2002): 2% EDTA was added to the culture broth and kept for 3 hat 4 

oc. 
Except centrifugation method, all other treated culture broth was centrifuged at l 0,000 x g for 20 

mm at 4 and finally supernatant from all treatments was collected separately. EPS from the 

supernatant was then precipitated by adding double volume of ice cold ethanol (95%). The precipitate 

was collected and re-dissolved in water and dialyzed through cellulose membrane (Sigma-Aldrich, 

retaining MW > 12,400 Da) overnight against water. The dialyzed material now known as purified EPS 

was then lyophilized and stored at 4 °C. EPS extractions yield was then determined by taking the dried 

weight of purified EPS. Simultaneously total carbohydrate and protein in the EPS was estimated. Cell 

lysis during EPS extraction was evaluated by measuring nucleic acid content. EPS extractions were 

performed twice and results are reported as mean value± standard deviation. 
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40 ml culture broth 

Centrifugation Sonication Heating Formaldehyde lMNaOH 2%EDTA 
80°C, 10 and 80 °C, 30 min 4 °C, 3 h 

min heating 

t t t • • [ Centrifugation: 10,000 g, 4 °C, 20 min 

------,.-------,..--. -- + 
.--------------------

EPS Precipitation by adding double volume of ice cold ethanol 

Lyophilization 

Dry weight measurement and chemical analysis of EPS 

Fig. 2.1: General flow scheme ofthe methods used in the extraction ofEPS 

2.2.2. Extraction of PNAG (poly-P-(1-6)-N-acetylglucosamine) and determination lV~~ 

acetylglucosamine 

PNAG was extracted from the BBJA by the method described by Choi et al (2009). Cells were 

in 1000 ml (250 m! x 4) LB broth containing 1 %glucose and incubated for 24 h at 30 oc. Cells 'vvere 

then sedimented by centrifugation at 9000 x g for 15 and suspended in 20 ml 

mM Tris-HCI, 5 mM EDTA buffer (pH 8.0) and lysozyme (80 mg). The cell was 

incubated at room temperature for 30 min. It was then mixed with DNase I mg) and RNase A 

mg), and the mixture was incubated again at room temperature for another l hand then at 37 oc for 2 h. 

Cells were then removed by centrifugation and the supernatant was precipitated with 3 volumes 

ethanoL The insoluble material was collected by centrifugation at 9000 x g for 15 min and was 

suspended in water, dialyzed overnight against water, and freeze-dried. N-acetylglucosamine was 

colorimetrically detected in the extract by a modification of the Elson and Morgan method (Reissig et 

al., 1955). This modified method rules out the interferences caused by the presence of sugars and amino 

acids. by incorporating concentrated borate buffer instead ofthe original carbonate buffer. 
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Determination ofN-acetylglucosamine by Elson and Morgan method (modified method) 

Reagents 

l. Potassium tetraborate (K2B40 7.4H20): 0.8 M solution (24.4 g in 100 ml of distilled water) was 

prepared and the pH was adjusted to 9.1 with 1M KOH I HCl. 

2. Ehrlich reagent: 530 mg N, N-dimethyl-p-aminobenzaldehyde, 20 ml ethanol, 15 ml concentrated 

hydrochloric acid. 

3. Standard N-acetyl-0-glucosamine solution. Stock solution was prepared by dissolving 100 mg N

acetyl-0-glucosamine in 100 ml of water. For working standard !0 ml of stock solution \Vas 

to l 00 ml with distilled water (0.1 mg/ml or 100 microgram/ml). 

Procedure 

l. 0. 0. 0.08, 0. L 0. 12, 0. l 0.16, 0. J 8 and 0.2 ml of the standard N-acetyl-0- glucosamine 

solution was taken into a series of test tubes and distilled water was added in each tube to get a final 

ume preparing standard curve. For testing the sample, 0. I, 0.15 and 0.2 ml test 

sample (0. l mg/ml) was taken. 

2. Blank was kept by taking Iml distilled water in a separate test tube. 

3. all test tubes, I 0.8 potassium tetraborate solution was added and the tubes were 

heated boiling \Vater for I 0 min. 

4. The tubes are cooled down in ice water and then 3 ml of Ehrlich reagent was added. 

5. The absorbance of the red color produced was measured at 585 nm. Concentration of N-acetyl-0-

glucosamine in the test sample was calculated fl·om the standard curve. 

Time course of EPS production 

EPS production by A. junii BB lA was studied in BHl media [BHI promotes max1mum biofilm 

formation compared to LB or TSB (as discussed in chapter 1)]. The optimum temperature for incubation 

was selected from the previous results as discussed in chapter l. Briefly, BB 1 A was pre-cultured in a 

250 ml Erlenmeyer flask containing 50 ml of medium at 30 oc until the culture reached late log phase 

(ODr,oo of 0.5). 1 ml of the late log phase culture was then transferred into another 250 ml Erlenmeyer 

flask containing l 00 ml of medium and incubated at 30 oc under static condition for 6 days. Samples 

were taken at every 24 h interval to measure growth in terms of 00 at 600 nm (0060o) and EPS yield. 

EPS was harvested from the culture broth by the optimal extraction method as described above. 

62 



Chapter 2 

2.2.4. Effect of pH and temperature on EPS production 

The effect of different pH on EPS production was investigated by growing BB 1 A in BHI medium 

adjusted to different pH (pH 4, 5, 6, 7, 8, and 9) using buffer systems. Temperature was kept constant at 

30 oc. To investigate the effect of temperature, BB lA was grown in BHI broth at 20, 30, 37 and 42 oc 
with the medium pH 7. After an optimum period of incubation (time for maximum EPS production), 

both growth (measured as absorbance at 600 nm) and EPS yield (determined as dry weight of EPS, 

extracted by the optimal method as described in 2.2.1.) was determined. 

2.2.5. Effect of Nutrient on EPS production 

To investigate the effect of nutrients on EPS production, several a.s carbon and nitrogen source 

\Vere tested. The strain BB J A was cultured in 50 ml of Luria Bertani (LB) (peptone, 10 g/1: yeast 

5 l 0 7 as basal and incubated at optimal temperature 

and time (as optimized for maximum EPS production). To investigate the effect of carbon and nitrogen 

sources on production, l% each of carbon and nitrogen sources were provided, instead of carbon 

and nitrogen sources in medium. Carbon sources tested \Vere glucose, galactose, sucrose, raffinose, 

arabinose and lactose. Peptone, beef extract, yeast extract, NH4N03• NaN03, and NH4Cl, were used as 

the nitrogen sources. study glucose and extract was used as carbon and nitrogen 

source respectively. J% extract was used while the amount of glucose was varied to attain the 

desired ratio. Stock solutions of difterent sugars were filter-sterilized and aseptically added in 

desired amount to the sterile medium before inoculation. The medium was inoculated with 1% (v/v) 

overnight grown culture. Prior to inoculation, cell pellet was harvested from 10 ml overnight grown 

culture in LB media. The ceil pellet V\as washed twice with phosphate buffer saline (pH 7.4±0.2) andre

suspended in I Om! of the same buffer; this was then used as inoculum. EPS yield (g/1) and growth was 

determined after an optimal period of incubation as determined in the section 2.2.2. To determine the 

ef1ect of phosphate, Na2HP04 at a concentration of2-l0g/l was added in LB media. 
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2.2.6. Physico-chemical analysis of EPS 

2.2.6.1. Determination of chemical components of EPS 

Purified (dialyzed) EPS was analyzed for a-amino acids and aromatic amino acids by the Ninhydrin 

reaction and Xanthoproteic reaction, respectively (Plummer, 1987). Total carbohydrate, Neutral sugar, 

uronic acids and amino sugar were determined by the anthrone reaction (Plummer, 1987), phenol

sulfuric acid reaction (Dubois et al., 1956), carbazole-sulfuric acid method (as modified by Healy et al., 

1997) and Elson-Morgan reaction respectively (Fournier, 2001 ). The protein content of the EPS was 

determined according to the method described by Bradford (1976) with BSA as standard. Nucleic acid 

content in the EPS was determined according to Boonaert et al. (200 1 ), using a UV -visible 

spectrophotometer (Varian, Agilant technologies, Germany). 

Ninhydrin reaction for alpha amino acid 

ndene originally reacts 

pH 4 and 8 to give a dark blue or purple colored compound. Amino on heating, are 

oxidatively decarboxylated and release ammonia, carbon dioxide and aldehyde. One molecule each of 

n and ninhydrin [hydroxydiketohydrindene(V!I reacts ammoma 

and gives a blue coloured complex [Ruheman's purple (VII)] (Fig.2.2). 

0 0 

OH 
H 

!· R-c COOn--.+ 

NH2 

0 
(l) 

(I!) 

q 
0 

OH H 
1- NH

3 
1-

0 0 

(II) (VIIl) 
(VII) 

Fig. 2.2: Ninhydrin reaction with alpha amino acid. (II) Ninhydrin, (I) Alpha amino acid, (VIII) 

Hydroxydiketohydrindene, (VII) Ruheman's purple. (Bottom et al., 2010) 
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Reagents 

1. Acetate buffer (pH 5.5) 

2. Ethanol (50%) 

3. Methy cellosolve (ethylene glycol monoethyl ether) 

4. Ninhydrin reagent: 800 mg of ninhydrin and 120 mg of hydrindantin was dissolved in 30ml of 

methyl cellosolve and 10 ml of acetate buffer was then added. 

5. Stock standard amino-acid solution: A 10 mg/1 00 ml glycine-N solution was prepared by 

dissolving 536 mg of reagent grade glycine in 1000 ml of distilled water. From this standard, 

working solutions containing 5.0 mg/100 ml glycine-N was made by diluting with distilled 

water. 

Procedure 

1. Sample preparation: In a boiling tube 100 mg of dried EPS was mixed with 5 ml of 2.5 N 

liCl. It is then hydrolyzed by keeping it in a boiling water bath for three hours. The 

hydrolyzed sample (cooled to room temperature) was neutralized with solid sodium carbonate 

until the effervescence ceases. Distilled water was then added to make a final volume of 50 ml 

centrifuged. The clear supernatant was collected and assayed for amino acid. 

2. Varying concentration (0.1, 0.2, 0.3, 0.4, 0.5, 0.6 ml) of the working amino acid solution 

(containing 0.05mg/ml glycine-N) was pipette into labeled test tubes; the volume was made 

up to l ml by the addition of acetate buffer. 

3. For the EPS sample, 0.1 ml of pretreated EPS sample was added to 0.9ml of the acetate buffer. 

Blank solution was prepared by taking l ml of acetate buffer. 

4. m! ofNinhydrin reagent was then added to all the test tubes. This was made to boil for 15 

. When the solutions were cooled to room temperature, 2 ml of 50% ethanol was added to 

each test tube. The absorbance of the solutions were read at 570 nm after 10 min. Alpha 

amino acid content of the EPS sample was then determined from the calibration curve. 

Xanthoproteic reaction 

Xanthoproteic reaction depends on the presence of aromatic amino acid in protein molecule. On heating 

protein with nitric acid, the aromatic amino gives a yellow color which turns to deep orange upon adding 

ammonia. 
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Reagents 

I. Nitric acid (cone.) 

2. 20% NaOH 

Procedure 

Chapter 2 

3 ml of the EPS solution ( 1 mg/ml) was taken in a test tube and mixed with 1 ml cone. nitric acid. 

It was then boiled and observed for the appearance of yellow color. To confirm, 4-5 drops of 

20% NaOH was added and observed for color change from yellow to deep orange. 

Anthrone method 

fn hot acidic medium carbohydrates are first hydrolyzed into simple sugars and then dehydrated to 

d 

furfural derivative. This compound condense with anthrone ( 1 0-keto-9, l 0 

to a 

nm .. 

Ht>atO· I 
'1 ~l 

' --·~ 
Fig. 2.3: Anthrone reaction with sugar. 
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fresh). 
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n 
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Standard glucose: Stock solution was prepared by dissolving 100 mg glucose in 100 

distilled water. Working standard was prepared diluting 10 ml stock solution to 100 ml with 

distilled water. 

Procedure 

1. 0.2, 0.4, 0.6, 0.8 and 1 ml of the working standard was taken into a series of test tubes and 

distilled water was added in each tube to get a final volume of I mi. 

2. For the sample 0.1, 0.2, and 0.3 ml of the EPS solution (1 mg/ml) was taken in separate test 

tube and distilled water was added to get a final volume of 1 mi. 

3. Blank was kept by taking lml distilled water in a separate test tube. 

4. To each tube 4 ml of anthrone reagent was added. 
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5. The tubes are then kept in boiling water bath forlO min. 

6. After 10 min the tubes are cooled rapidly and absorbance was measured at 630 nm. 

7. From the standard curve the amount of carbohydrate present in the sample tube was 

calculated. 

Phenol sulfuric acid method 

Phenol sulfuric acid is a colorimetric method used for the estimation of sugars m 

oligosaccharides, proteoglycans, glycoproteins, and glycolipids. ln hot acidic medium, are 

dehydrated to hydroxymethyl furfural. This forrns a green coiored product with phenol 

absorption maximum at 490 nm. 

Reagents 

l. . Redisti water and diluted to 

100 ml. 

Sulfuric acid 96% reagent grade. 

3. Standard glucose: Stock solution was prepared by dissolving 100 mg gl.ucose in 100 ml of 

\Vater. For standard ! 0 ml of stock solution \Vas diluted to l 00 with distilled 

water. 

Procedure 

l. 0.2, 0.4, 0.6, 0.8 and 1 ml of the working standard was taken into a series of test tubes and 

distilled water was added in each tube to get a final volume of 1 m L 

2. For the sample 0.1. 0.2, and 0.3 ml of the EPS solution (1 mg/ml) was taken in separate test 

tube and distilled water was added to get a final volume of I ml. 

3. Blank was kept by taking I ml distilled water in a separate test tube. 

4. 1 ml ofphenol solution was added to each tube. 

5. Thereafter 5 ml of96% sulphuric acid was added to each tube and mixed. 

6. The tubes are then placed in boiling water bath for 10 min. 

7. After l 0 min the tubes are cooled to room temperature, mixed well and absorbance was 

measured at 490 nm. 

8. The amount of total sugar present in the sample solution was calculated by using the standard 

curve. 
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Carbazole-sulfuric acid method 

Polysaccharide when heated with concentrated sulfuric acid become hydrolyzed and forms various furan 

derivatives such as 5-formyl-2-furancarboxylic acid (Scott, 1979). Carbazole react with the furan 

derivatives and forms red colored product with an absorption maxima at 530 nm. 

Reagents 

1. Borate-sulfuric acid: 3.82 g of sodium borate was dissolved in 10 ml of hot water and 390 ml 

of cold sulfuric acid was added. The reagent was mixed well and stored in refrigerator in a 

glass bottle. 

2. Carbazole reagent: Carbazole (0.2% w/v) was dissolved in absolute ethanol and stored at 4 oc 
in a brown bottle. 

3. Glucuronolactone standard solution: 17.6 mg of D-glucuronolactone was dissolved in 100 ml 

distilled \Vater (final concentration l ~tmol/ml)~ 

Procedure 

0. ' 0.12, 0.1 0.1 18. and ml glucuronolactone 

solution was taken 

a volume 0.5 

a series oftest tubes and distilled water \Vas added in each tube to get 

the sample 0.06, 0.! and 0.18 ml EPS solution (0.1 mg/ml) was 

taken. 

2. Blank was kept by taking ! ml sulfuric acid in a separate test tube 

borate-sulfuric acid reagent \Vas added in each test tube and mixed immediately. 

4. The tubes are then heated in a boiling water bath for 20 min and cooled to 0 oc. 
5. After cooling to 0 °C, 0.1 ml of 0.2% Carbazole reagent was added in each tube and heated 

again for 10 min in a boiling water bath. 

6. After heating, 

measured at 530 nm. 

were cooled dovvn to room temperature and the absorbance was 

Elson-Morgan test for amino sugars 

In the Elson-Morgan method, samples containing N-acetyl- or arnino-sugars are heated with 2, 4-

Pentadione in an alkaline solution to form a chromogen, which produces a purple colored compound 

when reacted with IV, N-dimethyl-p-aminobenzaldehyde (Ehrlich reagent) in an acid solution. This can 

be measured using a spectrophotometer at the appropriate wavelength of 530 nm for amino-sugars, and 

either 544 or 585 nm for N-acetyl-sugars. 
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3. The tubes are then incubated at room temperature for 10 min. 

4. Absorbance of the blue color formed was taken at 625 nm. 

5. Concentration of the protein in the sample was calculated from the standard curve. 

2.2.6.2. Purification and determination of molecular weight of the polysaccharide component of 

EPS 

For purification, the lyophilized EPS sample was dissolved in water and then loaded onto a Sepharose 

6B gel-permeation column (65 x 2 em) and eluted with water at a t1mv rate of 0.24 ml min- 1
• 2 ml each 

of the eluate was collected in test tubes using Redifrac fraction collector and monitored for total 

carbohydrate content using phenol-sulfuric acid method (Dubois et al., 1956). Fraction showing the 

presence of polysaccharide was collected and the average molecuiar weight of polysaccharide was 

determined by gel-chromatographic technique. Standard dextrans T-200 (MW 200000 Da), T-70 (MW 

70000 Da). and T-40 (MW 40000 Da) (purchased from Sigma) were passed through a Sepharose 6B 

elution vvere piotted against the logarithms of their respective molecular 

weights. The elution volume of polysaccharide was then plotted in the same graph. and molecular 

weight of polysaccharide vvas determined. 

2.2.6.3. Monosaccharide analysis 

The purified polysaccharide sample (3 mg) \vas hydrolyzed \Vith 2 M CF3COOH (2 ml) in a round

bottomed tlask at 100 oc for 18 h in a boiling water bath (Bhunia et al., 20 l 0). The excess acid was 

completely removed by co-distillation with water. Then, the hydrolyzed product was reduced with 

NaBH.t (9 mg) followed by acidification with dilute CH~COOH, and then co-distillation with pure 

CH30H to remove excess boric acid. The reduced sugars (alditol) were acetylated with 1:1 pyridine

Ac20 in a boiling water bath fen· I h to give alditiol acetates, which were analyzed by Gas-Liquid . 
Chromatograpy (GLC). A gas-liquid chromatograph Hewlett-Packard model 5730 A was used, with 

flame ionization detector and glass columns (1.8 m x 6 mm) packed with 3 % ECNSS-M (A) on Gas 

Chrom Q (100-120 mesh) and I % OV-225 (B) on Gas Chrom Q (100-120 mesh). All GLC analyzes 

were performed at 170 °C. The monosaccharides were identified by their retention times relative to those 

of standards, and the carbohydrate character of the monosaccharides was authenticated by their mass 

spectra. 
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2.2.6.4. Glycosyllinkage analysis 

For glycosyl linkage analysis, the purified polysaccharide (4 mg) was methylated using a modified 

NaOH method (Ciucanu and Kerek, 1984). 1 mg of EPS sample was dissolved in dimethyl sulfoxide 

(O.l ml), 100 mg NaOH was added and the reaction was stirred rapidly at room temperature for 30 min. 

During the stirring process, methyl iodide (1 0, 10, and 20 f.LI) was sequentially added at 10 min intervals. 

1 ml of 1M sodium thiosulfate was added and the product methylated glycan was recovered by making a 

partition between CHCh and water (5:2, v/v). The organic layer containing product was washed with 

water for several times and dried. The methylated biopolymer was hydrolyzed with 90% HCOOH (l 

mi) at l 00 oc for l h, and excess !-!COOl-! was evaporated by co-distillation with distilled water. The 

hydrolyzed product was then reduced with NaBH4 and acetylated with pyridine and Ac20. The alditol 

acetates of the methylated sugars were analyzed by GC-MS (using ZB-5MS capillary column). Gas-

(GLC--MS) analysis vvas performed on Shimadzu GLC-MS 

Model QP-20 I 0 Plus automatic system, using ZB-5MS capillary column (30 m x 0.25 mm). The 

program was isothermal at 1 hold time 5 min. a temperature gradient of 2 C)C min-1 up to a 

final temperature of 200 "C. 

rier-transform in.fnued (FT -IR) spectroscopy 

The detection major functional groups in the purified EPS was done by Fourier-transform infrared 

-IR) spectroscopy. Pellets of mg EPS were prepared with KBr followed by pressing the 

mixture into a !6 mm diameter mold. The infrared spectrum was recorded on Perkin Elmer spectrum 

GX FT-IR system (Perkin-Elmer, USA) with a resolution of 4 cm- 1 in 4000-450 cm- 1 region under 

ambient conditions (Wang eta!., 2004). 

2.2.6.6.Thermai gravimetric analysis (TGA) and Differential scanning calorimetry (USC) analysis 

TG and DSC analysis of EPSs was carried on Shimadzu DTG-60 and Shimadzu DSC-60 respectively. 

About 5mg of dried sample was used for the TG & DSC analysis. Thermograms for TGA and DSC were 

obtained in the range of 30-400 oc and 27-600 oc respectively under nitrogen atmosphere at rise of l 0 

ac; min. Their representative graphs were plotted with weight loss (%) and heat flow against 

temperature respectively. 
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2.2.6.7. X-ray diffraction analysis 

X-ray diffraction (XRD) was done by using X-ray powder diffractometer (Philips X'pert MPD, The 

Netherlands) using PW3123/00 curved Ni-filtered CuKa (A= 1.54056 A) as described by Singh et al, 

(201 1). The radiation was generated at 40 kV and 30 rnA with liquid nitrogen cooled solid-state 

germanium detector and the measurements were made in different ranges of two-theta angles (4-80°). 

The dried biopolymer sample was mounted on a quartz substrate and intensity peaks of diffracted x-rays 

were continuously recorded with scan speed 2 degree/min while d-spacing appropriate to diffracted X

rays at that value of8 was calculated vvith Bragg's law (Eq. (1)). 

d = A I 2 sin El ( l) 

Where 8 is half of the scattering angle measured from the incident beam. 

Crystallinity index (Clxrd) was calcuiated from the area under crystalline peaks normalized '>Vith 

corresponding to total scattering area i.e. ratio of areas of peaks of crystalline phases to the sum areas of 

crystalline peaks and amorphous profile (Eq. (2)), Ricou et aL, 2005). 

xrd= L !(I +I 

2.2.6.8. Scanning electron microscopy & Energy dispersive X-ray spectroscopy 

Elemental composition of EPS was done using energy dispersive X-ray spectroscopy (EDX; FEI 

Quanta-200 MK2). Morphology of EPS was examined under scanning electron microscope (FEI 

Quanta-200 MK2), coupled with EDX (SEM-EDX) at an accelerating voltage of 20.0 kV by using the 

method described previously (Gauri et al., 2009). 

2.2.6.9.Rheological property, charge determination and solubility of EPS 

For determination of viscosity a 2 % solution of partially purified EPS was prepared in deionized water. 

Measuremel1t was taken in Brookfield Viscometer at 25 oc following standard method (Gauri et a!., 

2009). 

The electric charge of the EPS was determined by precipitation with cetylpyridium chloride 

(CPC) (Scott, 1965). For this, EPS (I 0 mg) was dissolved in 10 ml of 0.05M NaCI. To this 10% CPC 

solution was added until no more precipitate of EPS-CPC complex was formed. 

Solubility pattern of the EPS was examined by taking lOmg of dried EPS sample and suspending 

in different polar and nonpolar organic solvents such as acetone, ethanol, hexane, and petroleum ether 

and slightly acidic and alkaline \Vater separately with continuous stirring. 
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2.3.1. Results 

2.3.1. Extraction of EPS 

Four methods were compared for the extraction of EPS. The results are summarized in Table 2.2. 

Results show that the EPS content was dependent on the extraction method. However the protein and 

nucleic acid content in EPS varies significantly with the extraction method and was in the order: NaOH 

> Formaldehyde and heating > Sonication = Heating> Centrifugation= EDT A. EPS extraction using 

either centrifugation or EDTA with ethanol precipitation resulted minimum cell lysis (as evident 

the nucleic acid content). Because EDT A method is time consuming (more than 3 h) and 

dialysis of the precipitate, therefore in the subsequent experiment, centrifugation 

precipitation was used. 

Table content B B l A by different extraction methods. 

Component Centrifugation EDTA Heating Sonication Formaldehyde NaOH 

and heating 

Total EPS 0.58 0.70 
of culture 
broth) 
EPS composition (in g) 

0.41 0.41 0.44 0.43 0.45 0.44 

Protein 0.12 0.12 0.15 0.15 0.18 0.20 

Nucleic acid 0.07 0.07 0.10 0.15 0.07 0.15 

Carbohydrate/ 3.41 3.41 2.93 2.86 2.5 2.2 

protein 
----~--

Data are the mean of triplicates 

Time course of EPS production 

Time course of EPS production by BB lA was studied in batch culture using BHI media up to t 92 h at 

30 oc. Exponential growth continued for 18 h followed by stationary phase. EPS production reached to 

its maximum ( 1.3 g/1) during 144 h of incubation; no increase in quantity of EPS was noted beyond 144 

h (Fig. 2.3). 
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Effect of temperature and pH on EPS production 

The highest productivity (I g/1) of EPS was obtained at 30 oc (Fig. 2.4). Above 30 °C, the productivity 

of \Vas reduced. Furthermore, maximum growth in terms of optical density was also noticed at 30 

. below and this temperature, both grovvth and EPS production decreases. The high productivity 

l g/1) was at pH 7 to 8 (Fig. 2.5 ). The yield of EPS as well as growth decreased below 

pH 7 and above pH 8. 
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± S.E. S.E. 
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2.3.4. Effect of nutrients on EPS production 

Glucose, galactose, lactose, raffinose, arabinose and sucrose were used to determine the effect of carbon 

source on the production of EPS. The highest yield of EPS (0.8 g/1) was observed when glucose was 

supplied as the carbon source (Fig. 2.6). As shown in Fig. 2.7, the production of EPS was higher when 

the strain was grown in organic nitrogen compounds compared to in inorganic compounds. Among the 

nitrogen sources tested, yeast extract provided the highest production level of EPS. Production of EPS 

was studied in various ratios of carbon and nitrogen sources (C/N ratio), in which 2% of glucose was 

supplied and the concentration of yeast extract was varied. As shown in Fig. 2.8, the EPS yield increases 

with increasing C/N ration and reached a maximum at a C/N ratio 4. When the C/N ratio was higher 

than 4, the yield of EPS decreased. The production of EPS was found to be affected by the presence of 

phosphate. Compared to control (without added phosphate), the addition of 2 g/1 Na2HP04 has a 

stimulatory effect on production (Fig.2.9). Further increase in phosphate has negative effect on EPS 

production. EPS production was also found to be atTected by various percentage of NaCI in the LB 

med The production increased with the increasing concentration of salt and reached a 

at 3% , thereafter decreases (Fig. 2.l 0). The strain was able to tolerate high NaC! 

concentration and can show visible growth upto 5% NaCl. 
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Fig 2.6: EfTect of different sugar supplementation on growth and EPS production. Data are the mean 

triplicates± S.E. 
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2.3.5. Chemical components of EPS 
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Fig 2.10: Effect of NaCl on gro\\1:h and EPS 
production. 

Chemical analysis showed that the purified EPS was principally made up of 78% (w/w) carbohydrate 

and 22% (w/w) protein and was composed of 78.4% (w/w) total sugar, 73.21% (w/w) neutral sugar, 

10.12% (w/w) uronic acid, 0.23% (w/w) amino sugar, 11.13% (w/w) a-amino acids (Table 2.3). 
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Table 2.3: Chemical components ofEPS obtained from Ajunii BBIA 

Method Hem analyzed % (w/w) 

Qualitative test 

a) Xanthoproteic Aromatic amino acids Present 

r,eaction 

Quantitative test 

a) Ninhydrin reaction a- Amino acids 1!.13 

b) Anthrone reaction Total sugar 78.4 

c) Phenol- sulfuric acid Neutral sugar 73.21 

reaction 

d) Carbazole-sulfuric Uronic acids 10. !2 

acid reaction 

e) Elson-Morgan Amino sugar 0.23 

reaction 

f) ~radford test Protein 22 

2.3. 7. Monosaccharide analysis of EPS 

GLC analysis ofthe alditol acetates ofthe acid-hydrolyzed product from BB1A revealed the presence of 

three main constituent sugar residues, namely, mannose, galactose, and arabinose (Table 2.4). Mannose 

was the most abundant monosaccharide, accounting 65 mol 

EPS. Galactose represented 21 mol % and Arabinose were present in 14 mol. %. 

Table 2.4: Sugar substituent composition of EPS from Ajunii BB lA 

Sugm· 

Mannose 

Galactose 

Arabinose 

2.3.8. Methylation analysis 

Amount (mol%) 

65 

21 

14 

content 

The PS was methylated using the method described earlier (Ciucanu and Kerek, 1984). The GLC-MS 

analysis of alditol acetates obtained from the hydrolyzate of the methylated polysaccharide revealed the 
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presence of 2,4-linked mannopyranosyl, 3,4-linked-mannopyranosyl, 2-Iinked-galactopyranosyl, 

terminal mannopyranosyl and arabinopyranosyl residues in a relative proportion of approximately 

1:1:1:1:1. 

2.3.9. Fourier transform-infrared (FT -IR) spectroscopy 

FT-IR spectra ofthe EPS showed a broadly stretched peak at around 3414 cm-1 characteristic of both 

OH and NH groups (Deng et al., 2005). The relative strong absorption peak at around 1657 cm-1 was 

attributed to the stretching vibration of C=O in carboxyl group and/ or protein related bands of amide L 

The p·eak at 1544 cm- 1 is attributed to amide II ofthe protein structure (Beech et al., 1999) (Fig. 2.11). 

Peaks around 2~31 and 1404 em- 1 can be assigned to CH stretching and CN stretching, respectively 

(Elkady et aL, 2011). The absorption peaks around 1000-1100 cm-1 are known to be characteristic for all 

sugar derivatives (Suh et al., 1997). 

2':13J.t 

Hi60. 7 

JH.U.l 
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Fig 2.11: FTIR spectra of EPS obtained from Ajunii BB 1 A. 
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2.3.10. Thermal gravimetric analysis (TGA) 

Thermogravimetric analysis is an analytical technique that measures the weight loss of a material as a 

function of temperature. TG analysis showed that the degradation of EPS takes place in two steps 

similar to the results reported by Mishra et al. (2011). Fourteen percent of total weight loss from 30 to 

120 oc was recorded for step 1 degradation, thereafter step 2 degradation (57%) was observed with 

maximum weight loss at?: 220 oc temperature (Fig. 2.12). Step I degradation may be due to moisture 

content while second step of degradation is attributed to thermal condensation between hydroxyl groups 

of polysaccharides, which induces formation of shorter segments, as well as loss of water and other 

molecular species. The total weight loss of EPS occurred after 280 oc. 

100 

90 

80 

40 

30 

Step l-0.286 mg 
- B.626% 

100.00 200.00 

Tempemtlu·e 'c 
300.00 400.00 

Fig 2.12: TG thermogram of EPS at heating rate of 10 oc min-1
• 

2.3.11. Diffrential scanning calorimetry (DSC) analysis 

The thermal stability of the EPS determined by DSC is illustrated as a heat flow-temperature curve 

(Fig.2.l3). DSC is a technique that measures heat flow into or out of a material as a function of time or 

temperature. Thermogram showed a distinct exothermic peak of EPS with crystallization temperature 

( T:) 68.22 oc (onset temperature 35.69 °C) with 170.33 mJ of latent energy for crystallization followed 

:)y an endothermic transition of melting. The melting temperature CCn) was determined by the 

,;ndothermal peak of the DSC thermogram and was found at 363.83 oc (onset temperature 340.70 °C) 

with 226.2 I mJ latent energy, thereafter its get oxidized. 
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2.3.1 X-ray diffraction (XRD) analysis 
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X~ray powder diffraction (XRD) technique is widely used for phase identification of a polymer material. 

A polymer can be partially crystalline and partially amorphous (Mishra eta!., 2011 ). EPS exhibited the 

characteristics diffraction peaks at 22.55°, 23.39°, 31.9° and 33.17° with inter planar spacing (d spacing) 

3.938, 3,798, 2.802 and 2.697 A, respectively (Fig. 2.14). Powder XRD pattern revealed that EPS is 

amorphous in nature with Clxrd 0.16. The XRD profile and interplanar spacing (d-spacing) are the basic 

of a polymer and are useful for studying the nature of EPS isolated from ditlerent 

sources. 
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Fig 2.14: XRD profile ofEPS obtained from Ajunii BB lA. 

13. Rheological property analysis and charge determination· 

The flow curve of EPS (2.0 % solutions) was shovvn figure !5. EPS (170.96 cps) 

at neutral at H can be seen that the shear rate increases decreases. 

The precipitation EPS with the addition of cetyl pyridinium chloride (CPC) indicates its acidic nature. 
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Fig 2.15: Viscosity-shear rate profile of EPS from A.junii BB I A. 
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2.3.14. Solubility of EPS 

Solubility tests of EPS in various organic and inorganic solvents revealed its insolubility in almost all of 

the organic solvents tested. While it was completely soluble in water in the pH range of 3.5 to 12.This 

indicates the polar nature and presence of strong hydroxyl groups in the EPS. The solubility only in 

aqueous indicates following the solubility principle "like dissolves like" (James, 1986). 

2.3.15. Scanning electron microscopy and Energy dispersive X-ray spectroscopy 

SEM observation was carried out to reveal the morphology of the EPS. lt was clear from the SEM image 

that EPS has certain degree of porosity with compact structure (Fig. 2.16 a and b). The small pore 

distribution and porous structure indicated the thin web like structure which may provide high capillary 

to retain water the gel. EDX relies on the investigation of a sample through interactions 

between electromagnetic radiation and matter, analyzing X-rays emitted by the matter in response to be 

with charged particles (Goldstein et al., 2003). EPS (without any meta! treatment) revealed the 

weight percentage of elements; C (54. 55% w/w), N (15.46% w/w), 0 (29.79% w/w) and P 

(a) (b) 

Fig 2.16: SEM images of EPS from Ajunii BB lA, showing surface morphology. 

2.3.16. Determination of N-acetyl-D-glucosamine 

The cell extract obtained from the overnight grovm BB 1 A culture showed the presence of N-acetyl-0-

glucosamine. The amount of N-acetyl-0-glucosaminc as detected by the modified Elson-Morgan 

method was 34 microgram/ dry weight of cell. 
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2.4. Discussion 

EPS from the biofilm forming bacterium Acinetobacter junii BB lA was extracted using six different 

extraction methods. An ideal method should result in minimum cell lysis. The nucleic acid content was 

taken as an indicator to evaluate the extent of cell lysis during extraction (Wingender et al., 1999). 

Extraction using heating or formaldehyde treatment or NaOH treatment resulted in highest amount of 

EPS, however extraction using centrifugation with ethanol precipitation was less time consuming with 

no cell lysis, as evident by the amount ofnucleic acid content. When NaOH was used as extractant, the 

nucleic acid content was high, indicating cell lysis. Similarly the content of nucleic acid was also higher 

during the heating process. The EPS content using centrifugation and EDT A was lower than that using 

NaOH. However, the degree of cell lysis by centrifugation and EDTA was far lower than NaOH. This 

suggests the extraction of some intracellular product by NaOH has contributed in the EPS. Since EPS is 

also composed large amount and nucleic acid, the measurement ofthese components is not an 

method evaluating cell lysis. Other methods such as ATP and intracellular enzyme 

been used in addition to nucleic acid, but these methods are 

time consuming (Frolund et al., 1996). Formaldehyde and sonication has been used for the extraction of 

EPS from anaerobic sludge (Jia et al., 1996). Formaldehyde usually tighten the cells and thus help in 

mm1 cell during extraction but found to interfere the carbohydrate estimation by phenol

sulphuric acid method (Underwood and Paterson, 1995), moreover it is also time consuming process as 

compared to centrifugation. The EDTA was also shown to strongly interfere with the common 

colorimetric analysis for protein by Lowry method (Peterson, 1979) and need to be removed by dialysis. 

Therefore in the subsequent experiments centrifugation with ethanol precipitation method was adapted. 

Production of EPS by the strain BB1A did not commence until late in the exponential phase of 

although it continued maximally during the stationary phase. The result shows that BB lA needs 

maximum growth for optimal production of EPS. EPS production in the late exponential and stationary 

phases of growth has been reported in many bacteria including Hahella chejuensis (Lee et al., 2001), 

Lactobacillus delbrueckii subsp. bulgaricus NCFB2772 (Grobben et aL, 1988), Streptococcus salivarius 

(Gancel and Novel, 1994) and Acinetobacter calcoaceticus BD4 (Bryan et al., 1986). Decho 1990 

suggested that in most bacterial species, the production of capsular form of EPS occurs in the 

exponential phase of growth while the slime type of EPS production occurs in stationary phase. This 

kinetic pattern is of significant in the natural ecosystem since there; the microbial population is 

intluenced by the varying environmental conditions. Bacterial population undergoes various phases of 

growth and non growth during these changes, while the non-growing bacterium uses the resources for 

the production and release of extracellular polysaccharides (Kjelleberg et al., 1987).The growth phase 
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for maximum EPS production, which varies with microorganisms (Sutherland, 1990), is an important 

parameter in the process planning. 

The optimum pH for EPS production depends on the individual species, but is near neutrality for 

most bacteria (Wilkinson, 1958). Neutral to alkaline pH has been reported as optimum pH for EPS 

production in some bacteria such as pH 8 for Arthrobacter viscosus (Lopez et al., 2003; Novak et al., 

1992). Figure 2.5 suggests that the optimum pH conditions for EPS production by .Ajunii BB 1 A exist 

within the pH 7 to 8, rather than at a specific point. The maximum EPS production by BB l A was 

observed at a temperature of 30 oc, which was the optimal growth temperature. Generally, it was found 

that the optimum temperature for most of the EPS biosynthesis occurs in between 26 and 31 oc (Lory, 

1992; Gandhi et a!., 1997). The optimum temperature and pH for the maximum production of EPS was 

found to coincide with the growth. From these result it seems that the production of EPS is related with 

the cell density. 

The yield of EPS 

and amount of biofilm 

the nature of carbon source. The strain was nutritionally demanding 

is the main component of biofilm) as discussed in chapter 1, was higher 

in nutritionally media such as BHL The strain was able to synthesize EPS from a variety of mono-, 

di- and trisaccharide carbon substrates. The EPS yield was generally higher for hexose than pentose. Of 

the hexoses, glucose the highest EPS yield ( 2.6), while the disaccharide sucrose was also good 

substrate for EPS production. The trisaccharide raffinose resulted in a lower yield compared to other 

sugars. It was reported earlier that the cell growth and EPS production usually depends on the carbon 

sources which affect the quality, sugar component and/ or molecular weight of EPS (Wachenheim and 

Patterson, 1992). Similar results were observed for other gram negative bacteria, including Klebsiella sp. 

and Acinetobacter calcoaceticus (Bryan eta!., 1986). ln Acinetobacter calcoaceticus, maximum yield of 

bioemulsifier was noticed in presence of glucose (Kaplan and Rosenberg, 1982). Among the nitrogen 

sources tested, the organic nitrogen (Yeast extract) vvas found to promote higher EPS yield. Yeast 

extract has been attributed to stimulate growth and EPS production in some organism, due to its protein, 

amino acid and vitamin content (Macedo eta!., 2002b; Xiao et al., 2006; Seesuriyachan et al., 2011 ). In 

general the organic nitrogen was observed to promote more growth and EPS (Farres et al., 1997). In 

Hahella chejuensis (Sung-Hwan et al., 2000) maximum EPS production was observed with organic 

nitrogen source such as tryptone instead of inorganic nitrogen sources. Another factor which influenced 

EPS production is the C/N ratio. In strain BB 1 A, high C/N ration was required for maximum EPS 

production (Fig. 2.8). In many bacterial species, EPS production was favored by a high C/N ratio in the 

growth medium (Corpe. 1964; D'Haeze et al., 2004; Fanes et al., 1997; Quelas et al., 2006; Williams 

and Wimpenny, 1977: Sutherland, 1990). According to Margaritis and Pace (1986), the amount of 

substrate (i.e .. carbon) converted by the cell to polymer depends on the composition of the growth 
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medium, and the product may not be made under certain conditions. Mengistu et al. (1994) suggested 

that the limitation of essential nutrients like nitrogen results in poor growth while the energy from the 

carbon excess is used for polysaccharide biosynthesis. The strain BB lA was found to survive in high 

salt concentration (1 to 5% NaCI).The production of EPS was found to be stimulated by the presence of 

increasing salt concentration up to 3% NaCl. It has been reported by many authors that certain 

microorganism particularly marine, can increase their EPS production under salt stress (Liu and Buskey, 

2000; Taraldsvik and Myklestad, 2000). Sheng et al. (2006) reported that the amount of EPS produced 

by Rhodopseudomonas acidophila increased at high NaCl concentrations. In the strain BB lA, NaCl is 

an important stress factor that increases EPS production. 

Chemical analysis revealed that the carbohydrate to protein ratio of EPS extracted from A. junii 

BB 1 A after 144 h incubation was 3.4. It is evident that carbohydrate to protein ratio in EPS obtained 

diverse environmental, laboratory and planktonic cultures remains typically within the range of 

0.2-4.2 (Cao eta!., 2011; Liu and Fang , 2002; Liu et al., 20 l 0; Sheng et aL, 2005; Zhang et al., 2002). 

Precipitation of EPS by the addition of CPC indicates its anionic or acidic nature. The anionic nature of 

biopolymer is generally believed to be associated the presence of acidic groups such as pyruvate, 

succinate, acetate, sulfate, phosphate or uronic acid (Sutherland, 1977; Sutherland, 200 l ). The acidic 

groups interact with the quaternary ammonium ion (QN+) of the CPC, resulting in the formation of 

EPS-CPC complex. This reveals the acidic and anionic nature of polymer. The presence of monic acid 

m extracted from BB lA vvas confirmed by chemical analysis. Uronic acids are known to enhance 

the anionic properties of EPS and thus allow association of divalent cations such as calcium and 

magnesium to increase the binding force in a developed biofilm (Vu et al., 2009). 

The apparent molecular weight of EPS obtained from strain BB l A was found to be ~2 x 105 Da. 

EPSs from bacteria are generally composed of single and/or double fractions with molecular masses 

between 20 and 2000 kDa (Arias et al.. 2003; Manzoni and Rollini, 200 I). 

GC-MS analysis confirmed the presence of three main sugar residues, namely mannose, 

galactose and arabinose in molar ratio of 3: I: I. This is the first report showing mannose rich and 

arabinose containing EPS obtained from Acinetobacter sp. and thus it is novel so far. Galactose is most 

commonly found sugar in microbial polysaccharides, although it may be present in variable amounts. 

Polysaccharides containing galactose are produced, for example, by several bacteria of the Genera 

Envinia (Eastgate, 2000), Pseudomonas (Osman and Fett, 1989:. Hung et al., 2005), Lactobacillus and 

Streptococcus (Faber et al., 2001; Vanhaverbeke et al., 1998). Microbial EPS commonly contain other 

monosaccharides such as glucose, mannose, rhamnose, arabinose and fucose. The high mannose content 

of the EPS produced by A.junii BB IA grown on BHI, distinguishes it from other microbial EPS. 
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FT -IR spectra of the EPS showed the presence of carboxyl, hydroxyl and amide groups. The 

carboxy! group in the EPS confers various important features such as binding to divalent cations 

(Bramhachari et al., 2007). The presence of hydroxyl groups within the polymer favored the possibility 

of hydrogen bonding with one or more water molecules, as a result the EPS extracted from A. junii 

BB lA exhibited high solubility in aqueous solutions, following the solubility principle "like dissolves 

like" (James, 1986). The insolubility of polymer in organic solvents may be due to the number of 

hydroxyl groups present in the polymer, which resulted in the building up of strong forces of attraction 

between polysaccharide molecules (James, 1986; Kumar et aL, 2004). Presences of carboxyl and 

hydroxyl groups provide more adsorptive surfaces for aggregation and are preferred group 

flocculation (Daolun and Shihong, 2008). Both carboxyl and hydroxyl groups could be 

the formation of mucous polysaccharide and thus imparts emulsification potential (Kumar eta!., 2007) 

As DSC thennogram (Fig. the EPS Ajunii BB lA was to 

thermally stable up to 363 °C. thus making it a promising additive for industrial applications. DSC 

XRD analysis depicted its amorphous nature with crystalline index (ClDSC 0.397). XRD profile and 

interplanar spacing (d-spacing) is basic characteristic of a polymer useful to compare or study the 

nature of EPS isolated from different sources in future. 

The resu from measurements indicated that the viscosity of the polymer solution 

decreased with an increase in the shear rate (Fig. 2. J 5), suggesting that the polysaccharide solution 

showed characteristics a typical pseudoplastic, non-Newtonian fluid nature (Ma and Barbosa

Canovas, 1997). Extracellular polysaccharide from Paenibacillus sp. WN9 (Seo et al., 1999) and 

Bacillus sp. 1-471 (Kumar et al., 2004) was reported to exhibit a similar pseudoplastic behavior. 

The cell extract from BB l A showed the presence of PNAG (poly-f3-(l-6)-N-acetylglucosamine 

as indicated by the presence of N-acetylglucosamine. PNAG (poly-f3-( 1-6)-N-acetylglucosamine) has 

been described as an important cell-associated polysaccharide found in A. baumannii (Choi et aL, 2009) 

and is a major· component of biofilms of Staphylococcus epidermidis (Mack et al., 1996) 

and Staphylococcus aureus (Maira-Litran eta!., 2002). 

Although EPS from a very few members of Acinetobacter group have been studied and 

characterized, to the best of our knowledge this is the first report on the characterization of EPS 

produced by A. junii BBlA. It is predicted that the EPS from this isolate is an attractive candidate for 

use in environmental bioremediation, for application in waste water treatment and metal processing 

industries and other biotechnological applications. 
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CHAPTER3 

Physico-chemical Properties of Extracellular Polymeric 
Substances Produced by Acinetobacter junii BBlA 

3.1. Introduction 

Extracellular polymeric substances (EPS) are the key component of biofilms and are produced by 

prokaryotic and eukaryotic microorganisms growing in natural as well as in laboratory conditions. 

thus have been associated with many ecological functions such as protection from 

antibiotics, promotes cell attachment to medical implants, metal corrosion and other Issues are 

concern. In recent years microbial EPS have attracted growing from 

biotechnological point of view. Environmentai applications of the EPS compounds have 

on the bioremediation of industrial and municipal wastes (Czaczyk and Myszka, 

<VVC"-"'~' so 

Being a 

natural polymer, EPS finds applications in the food, pharmaceutical and other industries. 

microbial exopolysaccharides such as xanthan, cm·dlan, pulluan and alginate, have been frequently used 

m food as thickening, gelling, or stabilizing agents (Kornmann et a!., 2003). Sklodkowsaka 

Matlakowska ( 1998) observed that the extracellular substances could also have the property to bind 

metals from different environments. Recently biofi!m EPS has been widely investigated for their 

flocculation, emulsification and metal binding property . 

. 1. Bioflocculation 

Plocculants are usually to accelerate or improve the settling of suspended solids in various types of 

vvastewater. They have been widely used a variety industriai processes, such as wastewater 

treatment, food and fermentation industries, drinking water purification, and industrial downstream 

processes (Shih et al., 2001; Wu and Ye, 2007). 

ln general, flocculants are divided into synthetic flocculants (organic and inorganic flocculants) and 

natural flocculants (chitosan, algin, and microbial flocculants) (Suh et al., 1997). Although synthetic 

flocculants, such as aluminum sulfate, polyaluminum chloride, ferric chloride and organic polymers 

such as polyacrylamide derivatives, are commonly used because of their low cost and high flocculating 

activity (He et al., 2002), many studies showed that some of the chemical/ synthetic flocculant are 

harmful for both human and the environment. Flocculants like aluminum is known to induce 

Alzheimer's disease or neurotoxic and carcinogenic in case of released acrylamide monomers from 

polyacrylamide (Arezoo, 2002; Matthys et aL 2005). Moreover they are non-degradable in nature 

102 



Chapter 3 

(Taniguchi et a!., 2005; Ho et al., 201 0). In contrast, flocculants produced by microbes known as 

bioflocculant are getting prominence in environmental biotechnology because they are biodegradable 

(Salehizadeh and Shojaosadati, 2001 ). Polymers from microorganisms are particularly suitable for 

various applications since they could be produced uniformly and reliably by fermentation processes. 

Several microorganisms in nature are genetically pre-disposed to produce EPS having flocculating 

properties. Microbial biopolymers having flocculating activities are basically EPS containing 

glycoprotein, polysaccharide, protein, cellulose, lipid, glycolipid and nucleic acid (Czaczyk and Myszka, 

2007: Zheng eta!., 2008). Flocculants produced by a haloakalophilic Bacillus sp. l-471 (Kumar et al., 

2004), Bacillus subtilis DYUl (Wu and Ye, 2007) and Vagococcus sp. W31 (Gao et al, 2006) are 

polysaccharides. Nocardia amarae YK-1 (Takeda et a!., 1992), Bacillus lichenifi:Jrmis (Shih et al., 2001) 

and Rhodococcus e;ythropolis S-1 (Kurane et a!., 1986) all produces protein tlocculant, while 

(Lee et al., i 995) and Arathrobacter (\Vang et al., 1995) produce 

glycoprotein bioflocculant. 

biotlocculants can applied in various processes, such as removal of microorganisms in the 

fermentation industry and different industrial waste treatment textile, cosmetic, paper, leather, 

pharmaceuticaL and food industries (Deng. 2003; Kurane, 1986; Toeda, 1991; Meyer, 1992). 

3.1.L1. Mechanism of biofloccuation 

The biopolymers have the to anchor and bridge the adjacent cells and hence they are thought to 

be responsible for bioflocculation process. There are three theories which explain the mechanisms of 

biotlocculation: DLVO theory (or doubie layer theory), alginate theory, and divalent cation bridging 

(DCB) theory. 

The DL VO theory 

The DLVO theory (named after Derjaguin, Landau, Verwery and Overbeek) is a classical colloidal 

theory which explains that the charged particles have a double layer of counter-ions. The first layer (also 

known as Stern layer) is composed of a strongly associated 'counter-ion layer, and the second layer 

(known as diffuse layer) is made of loosely associated counter-ions (Adamson, 1990). The concentration 

of ions in the diffuse layer decreases with distance from the particle surface until the concentration of 

ions equals to that of the bulk solution and thus an electric potential develops around the particle. This 

double layer of ions surrounding the particle results in repulsion of adjacent particles and reduces 

aggregation (Fig.3.1 ). With increasing ionic concentration, repulsion between the particles gets 

decreased due to the compression of double layer and allows short range attractive forces (van der Waal 

ft)rces) to promote aggregation (Sobeck and Higgins, 2002). 
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Colloidal particles gain negative 

electric charge when negatively 

charged ions of the dispersion 

medium are adsorbed on the 

particles surface. 

A negatively charged particle 

attracts the positive counter-ions . 

from the surrounding medium, 

resulting in the formation of 

electrical double layer. The outer I 
Jtayer is diffused and causes ll 

I repulsion. Because of which 
I ~ 

j colloidal particle remain I 
j suspended in the medium. 1 

I I 
rA.t high ionic strength the +--
' electrical double layer shrinks, 

allowing the particle to get 

closer. At such a close distance, 

attractive forces such as weak 

van der Waal forces comes to 

) play, resulting in aggregation I and flocculation/ precipitation. 

- -------~- ""'* '=-- -:_ : l Negatively 
charged 

:_ particle 

- -- -- - ... 

- ~"": Ueg,;;tfit?-ly 
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Fig. 3.1: The DL VO theory ofbioflocculation. 

The alginate theory 
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Alginate theory was first proposed by Bruus et al. (1992) in order to describe the role of cations in 

bioflocculation. Alginate is a polysaccharide produced by bacteria and is made up of repeating 

mannuronic and gluronic acids. In presence of calcium ions this polysaccharide forms gel. They 

concluded that the biopolymers have high affinity for Ca2+, and this support their role in bioflocculation. 
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Ca 2 + 

t 
Flocculation 

~ 
Polysaccharide 

Fig. 3.2: Alginate theory of biotlocculation. 

The DCB them:JI 

The divalent cation bridging (DCB) theory was first proposed by McKinney (1952) and Tezuka (1969). 

According to this theory, divalent cations such as amd Mg2
+ play an important role in 

bioflocculation by t(Jrming bridges (Fig. 3.3) between the negatively charged functional groups within 

the and this bridging helps to aggregate and stabil 

theret(n·e promote bioflocculation. 

Negatively charged functional groups 
on the biopolymer 

the matrix of biopolymer and microbes and 

Calcium ion bridging between biopolymers 

Fig. 3.3: Divalent cation bridging (DCB) theory ofbioflocculation. 

3.1.2.Emulsification 

Surfactants and emulsifiers are widely used in the pharmaceutical, cosmetic, detergents in various 

industrial sectors, petroleum and food industries (Makkar and Cameotra, 1998; Lang, 2002). Most of 

these compounds are synthetic and are not easily biodegradable and their manufacturing processes and 

by-products can be environmentally hazardous. Bio-emulsifiers are microbial products that have the 

property of reducing surface tension and various advantages over synthetic emulsifiers. As they are 

microbial origin, they are also biodegradable and hence their use can prevent toxicity problems and 

accumulation in natural ecosystems (Leahy and Colwell, 1990). Besides possessing biodegradable 

property, microbial emulsifiers are more effective over a wide range of pH, temperature and salinity 

(Banat et aL 2000). Microbial emulsifiers are composed of low-molecular-weight glycolipids, 
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lipopeptides and high-molecular-weight lipid-containing polymers such as lipoproteins, 

lipopolyssacharide-protein complexes and polysaccharide-protein-fatty acid complexes (Ron and 

Rosenberg, 2001 ). A large number of microbial species from different genera produces emulsifiers 

which are composed of polysaccharides, proteins, lipopolysaccharides, lipoproteins, or complex 

mixtures of these biopolymers (Table 3.1 ). 

Table 3.1: Bio-emulsan/ Surfactant producing bacteria (Data source: Rosenberg and Ron, 1999) 

Emulsan/ Surfactant 

BD4 emulsan 

RAG- I emulsan 

Alasan 

Biodispersan 

Liposan 

Emulsan 378 

Protein complex 

Thermophilic emulsifier 

Sulfated polysaccharide 

Glycolipid (Extracellular polysaccharide) 

Exopolysaccharide 

B iosurfactant 

Producing microorganisms 

Acinetobacter calcoaceticus BD413 

A. calcoaceticus RAG-I 

A. radioresistens KA53 

A. calcoaceticus A2 

Candida lipolytica 

Pseudomonasfluorescens 

/v[ thermoautotrophicum 

Bacillus stearothermophilu.s 

H. eurihalinia 

Penicillium citrinum 

Enterobacter cloacae 

Yarrowia lipolytica IMUFRJ50682 

Bio-emulsifiers containing a polysaccharide component attached to lipid and/or protein has been 

widely studied. The best-studied are the bioemulsans produced by different species of Adnetobacter 

(Rosenberg and Ron, 1998; Kaplan and Rosenberg, 1982; Navon-Venezia et aL 1995). Among the 

bacterial emulsifiers, emulsan obtained from from Acinetobacter calcoaceticus known as RAG-I is the 

only commercialized one (Rosenberg et al., 2002). RAG-I emulsan is a complex of an anionic 

heteropolysaccharide and protein (Rosenberg et al., 1979). Rio-emulsifier has the property to emulsify 

wide variety of hydrocarbon and thus can be used for bioremediation of oil pollutant (Calvo et al., 2009; 

Rosenberg and Ron, 1999). 
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3.1.3.Metal Binding 

During the last two decades, extensive attention has been paid on the use of microorganisms for 

environmental restoration. It is well known that several microbial biomasses are able to bind and 

accumulate heavy metals from solution through the process of biosorption (Baldrian and Gabriel, 2003; 

Gadd, 1990). These relatively simple and inexpensive technologies try to exploit the cationic and 

anionic functional groups present on the surface ofthe cell which form a stable, non-toxic complex with 

the metal ion. Several studies have been undertaken to disclose the type of these different functional 

groups. Their result revealed the participation of carboxyl, sulfhydryl, hydroxyl sulfonate, 

amine, and amide groups in metal binding (Maier et al., 2009). In Pseudomonas fluorescens, 

carboxyl groups in the cell envelop has been found to be associated with binding to NL 

and Block, 1993) 

and Zn 

Extracellular polymeric (EPS) produced by different microorganisms are of particular 

to the bioremediation process because oftheir involvement in the flocculation and binding of 

(Salehizadeh and Shojaosadati, 2003). The binding of cations to bacterial EPS 

generally occurs through electrostatic interaction with negatively charged functional groups such as 

acids, phosphoryl groups and carboxylic groups. In addition protein component of EPS also plays 

role complexation metal (Mejare and Bulow, 2001 ). Proteins rich in acidic amino 

acids, including aspartic and glutamic acid, also provide anionic properties to the EPS. 

The application EPS for biosorption seems to be more economical, effective and safe alternative 

to chemical methods such as precipitation. coagulation, ion exchange, electrochemical and membrane 

processes. As the EPS is a non-living sorbent (thus avoids the concern for pathogenecity), its potential 

application in the treatment process has been widely acknowledged (Gavrilescu, 2004). 

Table 3.2: Metal binding potential of EPS produced by different bacteria. (Data source: Pal and Paul, 

2008) 

EPS producing bacteria 
Marine sulphate reducing bacteria 
Methylobacterium organophilum 
Alteromonas macleodii subsp.fifiensis 
Pseudomonas aeruginosa Cur 
Rhizobium etli M4 
Enterobacter cloaceae AKl-M B-71 a 
Chryseomonas luteola TEM05 
Paenibacillus polymyxa P13 
Paenibacillus jamilae CECT 5266 

Metal biosorbed 
Mo (VI), Ni (II), Cr (lll) 
Pb (II), Cu (II) 
Pb (Il), Cd (II), Zn (II) 
Cu (II) 
Mn (II) 
Cr (Vl) 
Cd(Il), Co(!I) 
Cu(ll) 
Pb (ll), Cd (II), Zn (II), Cu(II), Ni (II), Co(Il) 
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3.2. Materials and Methods 

EPS (Extracellular Polymeric Substances): The EPS used in this study was extracted from 144 hold 

culture of A. junii BB 1 A. 144 h old culture of A. junii BB 1 A produces maximum EPS ( 1.3 g/1) (Chapter 

2). EPS was purified by dialysis and was lyophilized. The lyophilized EPS was stored at room 

temperature for further use. 

Kaolin clay solution: 5gm of Kaolin clay (Purchased from LOBA CHEMEI, Mumbai, India) was 

suspended in I OOOml of distilled water by continuous stirring. 

Activated charcoal: Activated charcoal powder was purchased from E Merck, India. 

Metal salt solutions: De-ionized double distilled water and analytical grades of metal salts 

[ZnS04.7l-h0, CuS04.5I-b0. CoCb.6H20, HgCh, CdCb.H20 and NiCb.6H20 (E. Merck, India)] were 

to prepare 100 mM stock solutions. 

1. Determination of flocculating rate of EPS 

tlocculating rate the EPS \vas measured using the method described earlier (Kurane et al., 1986) 

m vvhich kaolin clay g/1) was used as the solid phase suspension. In a test tube, 9 ml of kaolin 

suspension was taken and to this appropriate volume of EPS solution (3mg/ml) was added. The test tube 

\Vas vmtexed tor 2 min and then kept standing f()r 5 min. After 5 min the absorbance of upper phase was 

immediately determined by using a digital spectrophotometer (Electronics India model 302) at 550 nm 

(A). In the control experiment \Vater instead of test sample was added and the absorbance was 

determined (B). 

The f1occulating rate(%) was calculated according to lowing equation: 

Flocculating rate(%)= [(B·-A)/B] xi 00 

3.2.1.1. Effects of EPS dosage, CaCh concentration, pH, temperature and metal ions on flocculating 

rate 

EPS dosage and CaCh concentration were varied from 5-70 mg/1 and 0-5 mM respectively to ascertain 

cost effective dosages. The pH of the kaolin suspension was varied from 1-1 0 using HCI or NaOH and 

flocculating rate was measured with or without using optimum CaCh concentration. To determine the 

effect of temperature on flocculating rate, the temperature of the kaolin suspension was varied in water 

bath in the range of I 0-100 oc. Finally, different salts like MnCh, MgCb.6H20. K2Cr20 7, CuSO.f.5I-h0, 
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CoCiz.6H20, HgCb, FeCb, CdCiz.H20, ZnS04.7H20, NaCl and KC! (final concentration 0.7 mM) were 

added instead of CaCh.2H20 in order to determine their effects on flocculating rate. 

3.2.1.2. Flocculation of activated charcoal powder 

In order to determine the potential application of EPS in the treatment of waste water particularly 

released from the coal washeries, the flocculating ability of EPS obtained from A. junii BB 1 A was tested 

with activated charcoal powder (purchased from E Merck, India). In the experiment activated charcoal 

powder (fine powder) in the concentration of 5 gmll was used instead of kaolin clay. The flocculation 

test \Vas carried out using optimized concentration of EPS and CaCh. 

3.2.2. Determination of emulsifying activity of EPS 

The emulsifying activity was evaluated by an emulsification index (E24). Emulsification index of EPS 

vvas determined procedure described earl (Cooper and Goldenberg, 1987). 5 ml aqueous 

solution of 5 ml hydrocarbon or oil was added and agitated vigorously 
'") . 
L mm on 

vortex. Toluene (E merck, India). n-hexadecane (E merck, India), hexane (E merck, India), olive oil 

(commercial brands), kerosene oil and diesel were used as hydrophobic substrate to study the 

emulsif}'ing EPS. The emulsion and aqueous layers were measured after 24 h and 

emulsification index (E2.\) was calculated by the following formula: 

E24 =Height of the emulsion layer! total height x 100 

In order to understand the contribution of protein component of EPS in flocculation and 

emulsification, de-prote!nised EPS, obtained by chemical {trichloroacetic acid [30%; TCA] (Zhang et 

aL 2002)} as \Veil as enzymatic (Proteinase K [20 mg mr 1
] (Mata et aL, 2006)} methods, was subjected 

to both the assays. 

3.2.2.1. Emulsifving stability 

Stability of emulsion produced by n-hexadecane was studied by measuring emulsification index (E) at 

every 24 h interval. The emulsification index was also studied with respect to concentration of EPS 

(final concentration 2, 2.5, 3 and 3.5 mg/ml). 
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3.2.3. Demonstration of metal binding property of EPS by Energy dispersive X-ray spectroscopy 

(EDS) 

An aliquot of 400 111 each of ZnS04.7H20, CuS04.5H20, CoC}z.6H20, HgC}z, CdC}z. H20 stock 

solution (1 00 mM) was mixed separately with EPS solution ( ltng /ml) in a test tube with a final volume 

of 4ml (initially 2ml of EPS solution containing 4 mg EPS was mixed with 1.6 ml of distilled water). 

The mixture was then incubated for equilibration at room temperature for 30 min. Double volume of ice

cold ethanol (95%) was added to metal-EPS solution to precipitate the EPS. The precipitate was washed 

2 times with 8 ml ethanol (95%) to remove unbound metal, thereafter dried under vacuum. Preparation 

of the control EPS was identical as described except addition of metal salt solution was excluded. 

Elemental analysis of both dried precipitate(s) (control and metal salt treated EPS) was done using a 

scanning electron microscope coupled with energy dispersive X-ray spectroscopy (SEM-EDX) (FEI 

Quanta 200MK2). 
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3.3. Results 

3.3.1. Flocculating activity 

Effect of EPS dosage on flocculating rate 

Figure 3.4 shows the relationship between the EPS dosage and the flocculating activity. When the EPS 

in kaolin suspension was tested in the dosage range of 5-70 mg/1, the flocculating activity increased 

proportionally and reached a maximum at 30 mg/1, after that it decreased with further rise in EPS 

dosage. 

Effect ofCaC/2 concentration onflocculating rate 

While observing the effect of CaCiz concentration on flocculation, it was observed that 0.7 mM_ CaCb 

concentration was optimum for flocculation and higher or lower salt concentration reduced flocculation 

(Fig. 
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Fig. 3.4: Effect of EPS dosage on the flocculating Fig. 3.5: 
rate. flocculating rate 

at 30 mg/1). 

Effect of pH on flocculating rate 

CaCI, Concentration (mM) 

cunstam 

The effect of pH on flocculating rate was investigated in presence or absence of CaCh. Results showed 

down to 2 I% when pH was raised from 6 to I 0 (Fig. 3.6). The flocculating activity in presence of CaCb 

remained above 90%. 
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Effect o.ftemperature on flocculating rate 

While observing the flocculating rate of EPS at different temperatures ranging from l 0- !00 "C, highest 

flocculation was observed at 20 When the temperature was dropped down to l 0 "C or raised up to 40 

decrease in flocculating rate was observed (Fig. 3. 7). While further increasing the temperature from 

40 "C to 50 "C caused no change in flocculation whereas decrease of 15% in flocculating rate was 

when temperature was increased from 50 oc up to 80 oc; finally when the temperature was 

from 80-l 00 °C, a further 10% loss of flocculating rate was noted. 

Effect of different metal ions on flocculating rate 

Additionally, the effects of various metal ions (Cr6+, Fe3+, Cd2+, Cu2+, Ni2+, Hg2+, Zn2+, Co2+, Mn2
-
1

, 

Mg2+, Na+, and K+) on flocculation were observed (Fig. 3.8). The monovalent cations such as K+ and 

Na+ were less effective than divalent cations in enhancing flocculation while the trivalent cation, Fe3
" 

showed the least activity ( 15%). 
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EPS obtained from junii BB lA, showed an excellent flocculation of activated charcoal powder 

(Fig. 3.9 a-c). The t1occulating rate was more than 90% without addition of CaCb at 4 and 5. 

, similar to flocculation of kaolin clay, above pH 5 the flocculation of charcoal required 0.7 

mM CaCh. 

(a) (b) (c) 

Fig. 3.9: :(a to c) Flocculation of activated charcoal with EPS (30 mg/l) in presence ofCaCh (0.7 mM at 

pH 7) at different time interval of reaction; a, 0 min; b, 30 sec; c, 5 min. 
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3.3.2. Emulsifying activity of EPS 

EPS showed characteristic emulsifying activity with toluene, n-hexadecane, olive oil and least activity 

with kerosene and diesel (Table 3.3 and Fig. 3.10). E24 values were superior for n-hexadecane, toluene 

and xylene. The relationship between the EPS concentration and emulsifying activity was tested using n

Hexadecane as substrates (Fig 3.11). 2.5 mg/ml ofEPS was found to be optimal as there was no further 

improvement in the degree of emulsification at higher concentration. The emulsion was found to be 

stable with emulsification index remained unchanged in the range of 55-60 even after one month of 

incubation at room temperature (Fig 3.12). 

In order to understand the possible role of protein fraction of EPS in flocculation and emulsification, 

the experiments were performed with de-proteinized EPS. It was observed that, both flocculating and 

emulsifying activity was negatively affected, when EPS was deproteinized (Table 3.4). This revealed the 

role and necessity of protein fraction in the flocculation and emulsification process. 

Hydt·ocat·bon/oil 

Kerosene 

n-Hexadecane 

Toluene 

Xylene 

Hexane 

Olive oil 

different hydrocarbons and oils EPS (data are 

EPS mg/ml Emulsifying Index (E24) 

2 

3 

2 

3 

2 

3 

2 

3 

2 

3 

2 

3 

2 

3 

6 

13 

23 

6 

27 

53 

55 

45 

60 

63 

64 

70 

63 

65 

73 

6 

66 

66 

53 

55 

54 

mean oftriplicates). 

-----~--~---~-----~----------------------------··--------------·-------------------
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Fig. 3.10: Photographs of hydrocarbon/oil-water emulsion (E24) without and with EPS after 24 h at 

room temperature. (B) Diesel+EPS, (D) Kerosene+EPS, (F) n-Hexadecane+EPS, (H) Toluene+EPS, 

Xylene+ EPS, (L) Hexane + EPS. A, C, E, G, I, K are the controls for diesel, kerosene, 

Toluene, Xylene and Hexane respectively with water instead ofEPS solution. 
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Fig. 3.11: Emulsifying activity at different Fig. 3.12: Stability of EPS and n-Hexadecane 

concentration of EPS with n-Hexadecane. emulsion over time. 

Table 3.4: Flocculating and emulsifYing activity of deproteinised EPS. 
Tested item Flocculating rate (0/o) Emulsifying activity (E24) with 

n-hexadecane 

EPS 

EPS+ Proteinase Ka 

EPS+TCAb 

94± 0.9 

68 ± 0.4 

62 ± 1.3 

a EPS (lmg/ml) treated with proteinase K (20 mg/ml) at 37 oc for 30 min. 
b EPS (lmg/ml) treated with 30% TCA. 
Data are the mean of triplicates. 

60.0± 0.2 

35.0 ± 0.5 

31.0 ± 0.4 
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3.3.3. Demonstration of metal ion binding property of EPS 

EDS spectra, of EPS exposed to 10 mM of each metal salt solution (ZnS04.?H20 or CuS04.SH20 or 

CoCh.6H20 or HgCh or CdCh. H20), showed the presence of prominent corresponding peaks (Fig. 

3.13 a to f), which were absent in the control (Fig. 3.13 g) and have confirmed the sorption of different 

metal ions in the EPS of A. junii BB IA. 
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Fig. 3.13: Energy dispersive X-Ray spectroscopy (EDS) spectra of EPS obtained from A. junii BB lA. 

Mercury signal (HgM) measured by EDS, b) Cobalt signal (CoL and CoK) measured by EDS, c) 

Cadmium signal (CdL) measured by EDS, d) Copper signal (CuL and CuK) measured by EDS, e) Zinc 

signal (ZnL) measured by EDS, f) Nickel signal (NiK) measured by EDS and g) EDS spectra of control 

EPS (unexposed to metal ions) shows absence of specific signa!. The horizontal axis is energy in KeY 

and the vertical axis is intensity in Kilo counts (Kent). 
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3.4. Discussion 

Among various microorganisms found in the different ecosystems such as soil, fresh water and waste 

water, several strains from the genera Acinetobacter have been drawing much interest from medical, 

environmental and biotechnological point of view. Bacteria from this genus have been studied for 

various applications such as degradation of xenobiotics, degradation of oils, removal of phosphate and 

heavy metals, and for the production of bio-emulsifier (Abdei-EI-Haleem, 2003). 

Flocculating activity: Presently there is growing demand for biodegradable and renewable flocculants 

instead of chemical flocculants. In this study, flocculating property of EPS obtained from A. junii BB lA 

was studied. The flocculating activity was determined by Kaolin assay. Flocculation of kaolin was more 

than 90% with 30 mg/1 EPS dosage. However, higher or lower dosages of EPS showed reduction in 

flocculating rate(s). When the dosage of EPS was inadequate, the effective bridging phenomenon gets 

hindered causing reduction in flocculation. The relationship between EPS dosage and flocculating rate 

was similar to the results described by earlier authors (Suh et ai., 1997; Zheng et al., 2008). Table 

summarizes the bioflocculant producing microorganisms and their optimum dosage for flocculation on 

kaolin suspension reported in the literature. On comparing the reported data with the data obtained with 

bioftocculant (EPS) produced by 

flocculating agent. 

junii BB l A, it can be concluded that BB 1 A EPS is a promising 

Table 3.5: Comparison of the flocculating rates at optimum dosage of different EPS/bioftocculants. 

I Microor·ganism Optimum Optimum I Cations Maximum Reference 
concentration pH required for flocculating 

L (mg/1) flocculation rate(%) 
--

1 Rhodovulum sp. , 71 8 Ca-+(25 mM) - Watanabe et al., 1999. 
I Bacillus 30.2 I - ca-·(5.6 195.5% Yuan et al., 201!. I 
I 

-~ [ mcgaterium TF 1 () 
1 

mM) I -------------·----·-- ------------
i Bacillus subtilis 200 7-10 .AJH(lO mg/1) 1 85% Patil et al., 2009. 
i Staphylococcu~-;;ohi:Jj ___ 

~----- ---~----·-·-~ ----------- ---~ --
0.3 7 (a- (0.2g/l ) I 70.3% Wong et aL, 2012. 

ssp 
Bacillus sp. F 19 2 2 No cations 97% Zheng et al., 2008. 
Citrobacter sp. TKF04 l to I 0 2-8 No cations Above 90% Fujita et al., 2000. 
Bacillus coagulants As- 30 3.7 Ca-+ (8 mM) 92% Salehizadeh et al., 2000. 
101 
Acinetobacter junii 30 4-10 Ca2+ (0.7 Above 90% This study 
BBlA mM) 

4-5 No cation Above 90% 

The flocculating mechanism of EPS can be described by bridging effect. Bridging is formed when 

the biopolymer attached to the particle extends its arm into the solution for a distance that is greater than 

the effective distance of inter-particle repulsion. Due to bridging, the biopolymers adsorbed to particles 

surface help to form floes (Yirn et aL 2007). High EPS dosage generally causes stabilization of particle 
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(Kaolin clay) resulting in no further binding of particle. Also, the excess of EPS causes increase in the 

viscosity ofsolution; as a result the settling of floc is negatively affected (Li et al., 2008). According to 

Bala Subramanian et al. (2008) the Kaolin clay mimics wastewater sludge in terms of their charge (-32 

mY), which is more similar to the surface charge of sludge and can provide more reproducible results 

than the sludge that is found to vary every time it is sampled. 

The flocculating activity of EPS is often influenced by the addition of cations. The cations can 

neutralize negatively charged functional groups of both EPS molecules and suspended particles, thus 

they can increase the adsorption of bioflocculant (EPS) to suspended particles (Li et aL, 2008). 

stimulatory effect of salts such as CaCh on flocculation can be explained by DLVO theory, according to 

which high ionic strength causes compression of electrical double layer over kaolin clay particles, thus 

minimizes repulsion and promote EPS to form floc with kaolin particle. While observing the effect of 

CaCb concentration on flocculation, maximum flocculation by the EPS obtained from BB 1 A was 

observed in presence of mM while higher or lower salt concentration reduced flocculation. In 

for effective flocculation was comparatively compared 

·with other bioflocculants (Table . This low dose requirement of CaCb avoids the introduction of 

secondary pollutants addition at higher dose, for \Vaste water treatment, may subsequently lead to 

secondary pollution). 

Flocculating rate addition of CaCh was above 94% in the pH range of 4-5, while the rate 

dropped down to 21% when pH was raised from 6 to 10. In the pH range of l-3, EPS was insoluble; 

therefore no experiments were performed in this pH range. The negative charges of the clay particles in 

pH 4-5 \Vas decreased due to adsorption of H+ resulting in reduction of distance between kaolin particles 

which in turn enhanced the bridging effect of the bioflocculant (Elkady et a!., 2011 ). Moreover, amino 

and amide groups present in the EPS as revealed by FT -IR spectra were protonated at acidic pH, and 

thus the positively charged EPS gets attracted towards negatively charged kaolin clay particles. 

Therefore, electrostatic interaction played an important role in the adsorption of negatively charged clay 

particles (Deng et al., 2005). Whereas in alkaline condition, increase in pH increases the OR, which 

may fiJrther increase the charge density on clay suspension causing inhibition of charge neutralization 

effect of CaCh (Elkady et al. 2011 ). Furthermore, increasing the pH of the kaolin suspension decreased 

the electrostatic attraction. Under such condition, EPS would exhibit negative charge upon complete 

deprotonation of the functional groups (amino and amide). Electrostatic repulsion would then prevent 

the clay particles from approaching towards EPS, thus flocculating rate decreases (Deng et al., 2005 ). 

Above pH 5, addition of 0.7 mM CaCb was required for effective flocculation (Fig. 3.6) and the 

flocculating rate was >90% in the pH range of 6-10. At higher pli condition. addition of Ca
2
+ ions 
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increased the flocculation rate by forming Ca2+ mediated complexes of bioflocculant and kaolin clay. 

So, increase or decrease in pH from 5 shall lead to lowering of flocculating rate in absence of CaCh (Uu 

et al., 201 0). EPS from A. junni BB lA was found to retain high flocculant activity (over 90% removal 

rates for the Kaolin suspension) at either acidic or basic pH (Fig. 3.6). This characteristic of EPS is 

favorable for its use under extreme pH conditions. 

The effect of various other cations (Cr6+, Fe3+, Cd2+, Cu2+, Ni2+, Hg2+, Zn2+, Co2+, Mn2+, Mg2+, Na+, 

and K+) on the flocculating activity of EPS was also studied (Fig. 3.8). The monovalent cations such as 

K+ and Na +~were less effective than divalent cations in enhancing flocculation while the 

Fe3+ showed the least activity (15%). Similar results have been reported very recently in case 

mojavensis bioflocculant (Eikady et aL, 2011) where presence of monovalent and trivalent 

showed reduction in biopolymers efficiency. Trivalent cation strongly inhibits flocculation which may 

be explained by the eftect on changing the surface charge of kaolin clay pmiicles and coverage the 

adsorbing sites on the biopolymer (Elkady eta!., 2011 ). 

at 10-1 While observing the f1occu lating rate 

highest t1occulation was observed at 20 Reduction in flocculating rate at higher temperature oe 

explained by increase kinetic energy of 

kaolin particles due to rise in temperature (Liu et 201 0). Chemical characterization of the EPS 

showed that it is a protein-polysaccharide complex (Chapter 2). As revealed from table the protein 

part of EPS, obtained from BB 1 A, was indispensible for displaying its full activity of the flocculant. 

Many bioflocculants have been reported to be constituted of protein-polysaccharide complex 

(Nakamura et al. 1976a; Yokoi et al. 1997; He et al. 2002; Kobayashi et al. 2002; Zhang eta!. 2002; Xia 

et al. 2008; Zheng eta!. 2008; et aL 2009b; Patil eta!. 2009; Liu et a\. 201 Ob; Xiong eta\. 20 I 0) and 

in many cases, the native protein portions were required for maximum ftocculant activity (Kurane et 

l986b; He eta!. 2002; Zhang et aL 2002). 

The flocculation of activated charcoal by the EPS (from strain BB 1 A) shows a potential application 

in the treatment and reuse of waste water particularly from coal washeries or tailings, which are often 

problematic in terms of solid-liquid separation and dewatering. The settling rate of fine coal particles by 

interaction with proper coagulants and tlocculants is important in the dewatering process. Generally, the 

discharged water from coal tailing or coal washeries itself contains high concentration of metal ions 

such as Ca2
+, Mg2

+ along with some trace metal ions such as Fe, Co, Ni, Mn, etc.(Das et a\.,2006; Sabah 

and Cengiz, 2004; Volcich, 2007). This therefore avoids the addition of salt to enhance the 
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flocculation. Thus the EPS obtained from A. junii BB IA can be suitably used in place of synthetic 

flocculants. 

EmulsifYing activity: The EPS harvested from A. junii BB lA has efficient emulsification properties 

comparable with some of the standard gums. The emulsifying activity (E24) of A. junii EPS against n

hexadecane (E24=60 at 2.5 mg/1 dose) when compared with published data derived with 3.0 mg/1 

dosages of some commercial emulsifiers like xanthan (E24=40), alginate (E24=10), pectin (E24=20), and 

Triton X 100 (E24=80) (Freitas et al., 20 11). The stability of emulsion was studied using n-hexadecane 

and found to be stable (Emulsifying index between 60-55%) up to one month (Fig. 3.12). 

emulsifying property of exopolysaccharide from Sphingomonas paucimobilis is reported to be due to 

presence of hydrophobic lipid portion (Ashtaputre and Shah, 1995) whereas, the protein portion, in 

acacia gum is kno\V!1 to be responsible for emulsifying activity (Dickinson et a!., 1990). The ability of 

EPS obtained from BB l A, to form stable emulsion may be attributed to the concentration and nature of 

protein present the EPS similar to as observed in Enterohacter cloaceae (Iyer et 2006). High and 

stable emulsification property 

oil recovery. 

from junii BB 1 A renders its potential application enhanced 

Metal ion binding property: Biofloccu!ants have been considered as an alternative choice to the 

chemical flocculants, various industrial waste treatments including heavy metal removal (lyer et 

2005; Wu and Ye, 2007; Gong et al., 2008; Lin and Harichund, 2011). They have extensive metal 

binding capacity and are therefore recommended as surface-active agents for the removal of heavy 

metals (Morillo et al., 2006). According to Pal and Paul (2008) the important role of EPS in the sorption 

removal of heavy metais from the environment is due to their participation in flocculation and 

ability to bind metal ions from solutions. The flocculating activity of EPS extracted from BB lA was 

found to be stimulated by the addition of various metals ions (Fig. 3.8), indicating its potential to bind 

these metals from the solution. The metal binding property of the EPS was demonstrated by EDS 

analysis (Fig. 3. 13) 
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CHAPTER4 

Understanding Heavy Metal Resistance in Acinetobacter 

juniiBB1A 

4.1. Introduction 

The term heavy metal has been variously described as (i) metals with atomic number 23 onward except 

Rb, Sr, Y, Cs, Ba and Fr; (ii) metals with density greater than 5 g/cm3
; and (iii) metals \Vhich are toxic to 

man and other life forms when found in the environment. The heavy metals are commonly encountered 

in polluted environments. Common sources of heavy metal pollution inciude discharge from industries 

such as electroplating, manufacturing, fertil producing plants and wastes left after mining 

and metallurgical processes (Zouboulis et aL, 2004). The eight most common heavy-metal pollutants 

listed by the environmental protection agency are: (Athar and 

Vohora, 1995). 

All living organism requires metal as an important constituent of their metabolic process. Some 

the heavy metal are essential trace as cobalt, 

zinc etc., and are required as micronutrients by the organisms (Bruins et al., 2000). They are 

redox processes, in order to stabilize molecules through electrostatic as 

enzymatic reactions, and as an osmoregulator (Nies, 1999; I--Iussein et al., 2005). On the other hand non

essential metals like cadmium, mercury, and lead have absolutely no biological function and have 

unfavorable effect on the organisms even at very low concentration. At high levels both of 

non essential metals become toxic to all forms of life including microbes. humans 

Heavy metals generally exert an inhibitory action on microorganisms blocking 

groups, displacing essential metal ions or modifying the active conformations of biological molecules 

(Doelman et al., 1994; Gadd and Griffiths, 1978; Wood and Wang, 1983) and thus they can affect 

growth, biochemical activities, and diversity of microbial populations (Roane and Pepper, 2000). 

4.1.1. Heavy metal resistance mechanism in bacteria 

In order to survive under metal stressed conditions, bacteria have developed several resistance 

mechanisms against toxic metal ions. Rough et al. (1995) has categorized these mechanisms under five 

groups: (i) Intracellular sequestration, (ii) Efflux transport, (iii) Reduced permeability, (iv) Extracellular 

sequestration, and (v) Extracellular detoxification. 
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Efflux s~·~>tt-m!i 

PType RND .ABC 
.ATPase efflux 

@) ® 

Microbial resistance mechanisms: cell interacting with metals or metal ions (M or M2+) 

uses different strategies to cope with heavy metal stress. 

4.1.1.l.Intracellular sequestration 

Intracellular sequestration of metals requires the production of metal-binding proteins within the 

cytoplasm of resistant organism. Yeast cells have two types of cystein rich, metal-binding peptides; the 

phytochelatins and the rnetallothioneins, which stores and detoxifies excessive concentration of metals 

(Van de Weghe and Ow, 2001; Hall, 2002). Bacterial cells have been recently shown to express the 

metal-binding protein; the metallothioneins, like the cynobacterial SmtA and BmtA and zinc ion binding 

protein in Pseudomonas aeruginosa and P. putida (Blinndauer et al., 2002). In addition to metal binding 

proteins, intracellular phosphates can also bind metals by ionic interactions. Sar et al. (200 1) has 

reported the intracellular accumulation of nickel as phosphide and carbide crystals in P. aeruginosa. 

4.1.1.2. Efflux Transport systems 

Efflux transport systems involving the efflux proteins are common in microorganisms. They generally 

confer resistance against antibiotics and antibacterial drugs; however certain efflux transporters have 

been implicated to metal resistance (Saidijam et al., 2006; Eitinger and Mandrand-Berthelot, 2000). 
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These transporters include A TP-binding cassatte (ABC), Major facilitator superfamiy (MFS), drug 

metabolite transporter family (DMT) (Saidijam et al., 2006) etc. Most metal efflux pumps, like nickel 

transporters, belong to the class of ABC superfamily (Nik system in E.coli), Ptype ATPases 

(Helicobacter pylori) and transition metal permeases (HoxN in Ralstonia eutropha) (Eitinger and 

Mandrand-Berthelot, 2000). 

4.1.1.3. Extracellular sequestration 

Extracellular metal binding via polysaccharides or proteins are known to immobilize metals and thereby 

prevent the cells from metal toxicity by complex formation. The most commonly used protein to 

accumulate iron is the production of siderophores. These are low-molecular weight compounds possess 

a high affinity and selectivity for iron (Hider and Kong, 2010; Rajkumar et al., 2010), but also can bind 

other metals (Dimpka et al., 2009). 

Extracellular substances (EPS) produced by many bacteria has been recently recognized 

as an in biosorption of heavy metals. Within a biofilm it has been 

found specifically the polysaccharide components, binds heavy metals (Kaplan et al., 1987; 

Kazy eta!., 2002; Kim et al., 1996). EPS contains negatively charged phosphate, sulfate, and carboxylic 

groups 

functional groups 

it to sequester heavy metals. lon exchange, complexation with 

negatively charged, adsorption and precipitation are the known mechanisms 

biosorption onto EPS (Zhang et a!., 2006). Decho (1994) has observed that some 

bacteria can raise their EPS production in the presence of toxic metals as a defense mechanism. Kazy et 

al. (2002) observed an increase in the EPS production by P. aeruginosa in presence of copper. 

4. 1.1.4. Extracellular detoxification 

Extracellular complexation, precipitation and crystallization can result in detoxification. Microorganism 

produces diverse type of metabolic end product, some of which are able to bind and /or react with the 

metal species leading to precipitation of metal complex outside the cell. The sulphide produced within 

the biofilm of sulphate reducing bacteria can complex with Cu, Zn, Ni, Cd, and Pb, resulting in the co

precipitation of metals (Beyenal & Lewandowski, 2004). 

4.1.2. Role of Quorum Sensing 

Bacterial quorum sensing (QS) has been widely studied and is primarily a mechanism for cell-cell 

signaling within a population of cells. In general, quorum sensing involves the secretion of specific 

signal molecules which mount a response when its concentration reaches to a threshold leveL Secretion 
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of QS Signal molecule between spatially separated bacterial subpopulations may also transmit 

information about their physiological state, their numbers, and the specific environmental conditions 

being encountered. 

There are several classes of QS signal molecules that have been described; they are many times 

termed as autoinducer since in many systems the signal positively regulates its own synthesis. In general 

they are grouped in five main classes of compounds that are oligopeptides, N-AHLs (N-Acetyl 

homoserine lactones), quinolones, gamma-butyrolactones and furanones. QS is known to regulate 

diverse types of biosynthetic pathways in bacteria including the synthesis of EPS and biofilm formation 

(Ruiz et al., 2008; Rivas et aL, 2005; Hooshangi and Bentley, 2008; Miller and Bassler, 2001; Hall

Stood ley an.d Stoodley, 200 l) and might be involved in biofilm susceptibility to metal toxicity. In 

various environments, QS systems are known to play significant role in biofilm formation and/or 

development (Shrout et aL, 2006; Kirisits and Parsek, 2006), During biofilm formation by P, 

aeruginosa, a large number of QS regulated genes are upregu!ated. three of them, Mn-cofactored 

superoxide dismutase Fe-cofactored superoxide dismutase (sodB) and Catalase (katA) are known 

to be upregulated during the of planktonic Y aeruginosa to high concentrations Cu (Teitzel 

et al., 2006). In E. coli, the expression of SodA and SodB contributes to the resistance against Cd, Ni, 

(Geslinet 200l;Inoaokaetal. 1999). 
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4.2. Materials and Methods 

4.2.1. Reagents, Chemicals and Biosensor strains 

Metal salt solution: De-ionized double distilled water -and analytical grades of metal salts 

(ZnS04.7H20, CuS04.SH20, CoCh.6H20, HgCh, CdCb.H20, and NiCh.6H20) were used to prepare 

100 mM stock solutions, which were filter sterilized using membrane filter disc (pore size 0.2 11m 

marketed by Sartorius Ltd. Bangalore, India) before use. 

Brain heart infusion broth (BHI): Composition: calf br<Jin infusion from, 200 g/ !; beef heart 

from., 250 g/ I; proteose peptone, 10 g/ l; glucose, 2 g/l; NaCI, 5 g/l; and Na2HP04, 2.5 g/ l 

distilled water at pH 7.4±0.2. 

Luria-Bertani (LB): 

pH 7.4±0.2. 

0 5 NaCI, 10 g/1 1000 distilled water at 

AB minimal medium (Matthysse, 2006): Composition-Nal-hP04 , l KH2P04, 3 0.15 g/l; 

1 g/1; CaCh, 0.005 gil; FeS04 .7I-h0, 0.0025 gil; MgS04 .7H20, 0.3 g/L The AB minimal medium 

was supplemented yeast extract (2 g/l) and glucose (2 g/1). 

AHL-Biosensor strains: All the acyl-homoserine lactone biosensor strains (kind gift from Prof. 

Stephen K. Farrand, Dept. of Crop Science and of Microbiology, University of Illionois) were grown in 

minimal medium described by Chilton et al. (1974) at temperature not higher than 28°C. 

The strain Agrobacterium tumefaciens NTL4 (pTiC58.accR) contains a trd' Ti plasmid and 

constitutively synthesizes Agrobacterium autoinducer (AAI); and the supernatant, obtained after 

pelleting the cells from the culture, had AAI activity. 

The strain A. tumefaciens NTL4 lacking Ti plasmid unable to produce any acyl-HSL (acyl

homoserine lactone) detectable with the assay system was used as a negative control. 

The strain A. tumefaciens NTL4 (pZLR4) is the acyl-HSL indicator strain; does not make its own 

acyl- HSL; consequently, the lacZ reporter fusion is not expressed unless an exogenous active acyi-HSL 

is added. pZLR4 is a clone containing inserts from pTiC58 that encode i) tra::lacZ fusion and ii) tra R. 

the vector confers resistance to gentamycin (30 11g/ml) and carbenicillin ( l 00 !lg/ml). 
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Preparation and use of 4-Nitropyridine-N-oxide (4-NPO): 4-NPO (Aldrich, USA) is a synthetic 

quorum sensing inhibitor. 100 mM stock solution of 4-NPO was prepared in sterile distilled water; filter 

sterilized, and stored at 4 oc in dark. From this stock solution, calculated volume was added to the 

growth medium so that required final concentration was attained. 

4.2.2. Effect of metals on cell growth 

The effect of metals on cell growth was determined by growing A. junii BB 1 in AB minimal 

The strain was grown in presence and absence of different concentration of metal salts (ZnS04. 7H20, 

CuS04.SH20, CoCh.6H20, HgCb, NiCb.6H20, and CdCh.H20). 

BB l A was pre-incubated in 10 ml AB medium at 30 oc until the final 0.0600 at 

ntn) becomes O.l. of this culture was then transferred into 

flask to test a of concentration (0-1 0 mM). AB medium without any supplementation 

ions but inocu!ums 1-vas used as control. The culture were on a 

rotary shaker (GenNei, Bangalore, [ndia) at 30 with shaking at 100 rpm for 24 h. Samples ml) 

were at 6 h and growth was monitored as opticai density at 600 nm (OD6oo) using 

spectrophotometer (Varian, Agilant technologies, Germany). Similar experiments were performed using 

BHl medium. Growth profile was obtained by using graph of absorbance versus time. 

4.2.3. Determination of minimal inhibitot)' concentrations (MICs) for different metals 

Toxicity testing in liquid medium 

Minimum [nhibitory Concentrations (MICs) ofCu, Zn, Cd, Hg, Ni and Co in AB minimal medium was 

determined by broth dilution method (Andrews, 2001) using 96 well microtitre plates. Different 

concentrations (0-l 0 mM) of filter sterilized metal salt (ZnS04 . 7H20, CuS04.SH20, CoCl2.6I-h0, 

HgCb, NiCb.6I-b0 and CdCb.H20) were prepared separately by diluting appropriate volume of stock 

metal solution in sterile fresh media. The metal amended medium was inoculated with 2% (v/v) of 

exponentially growing culture (00600 of 0.1) prepared in the same medium. 200J.il of respective 

inoculated media supplemented with different concentration of metal salt were transferred to individual 

well of microtitre plate. Growth controls containing no metal and a sterile control without inoculum 

\vere also included. The microtitre plate was then incubated and MIC was determined as the lowest 
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concentration of metal that completely inhibited any visible growth after 48 h of incubation at 30 oc f 

under static condition. Each experiment was replicated thrice to confirm the MIC values. Similar 

experiments were performed using BHI broth. 

Toxicity testing in solid medium 

Since most MIC determination nowadays are done by agar dilution technique (XinCai et al., 2006), it 

'\Vas necessary to determine the MIC using metal supplemented solid media. Solid medium was prepared 

adding agar-agar (15 gil) to the AB minimal medium and sterilized by autoclaving at 121 oc for 15 

min. The medium was cooled down to 50 oc and required amount of metal ions from sterile stock 

solution of metal salts (ZnS04.7I-h0 or CuS04.5H20 or CoCh.6I-h0 or HgCh or NiCh.6HzO or 

was added to prepare plate(s) of different concentrations (1-JO mM). Exponentially growing 

cells of A. junii BB 1 A was used to streak on individual AB agar plates (supplemented separately with 

salts) and incubated at for 48 h. Metal deficient AB agar plate, 

streaked was kept MIC \Vas determined as the lowest concentration of metal that 

completely inhibited the formation ofsll'lgle colony. Sim experiments were also performed in BHl 

agar. 

Effect of metals on EPS production 

In order to determine the effect various metal on the production EPS, BB 1 A cells were grown 

in 250 ml Erlenmeyer tlask containing 50 m! of media (AB or BI-11) supplemented with or without 

different concentration (0-10 mM) of metal salts (ZnS04.7H20, CuS04.SH20, CoClz.6l-h0, HgCh, 

and CdChJ-hO). The culture broth \Vas incubated at 30 oc for 48 h, after which both 

E \Vas determined .. The I growth was determined by measuring absorbance at 600 nm 

(00600) of homogenized culture broth and the amount EPS was determined by taking the dried weight 

of EPS (EPS extracted by the method described in chapter 2). Briefly, the culture broth was centrifuged 

and the supernatant was precipitated with double volume of ice-cold 95% ethanol, dialyzed against 

distilled \Vater and lyophilized. The lyophilized sample was weighed in a balance (Sartorius, Germany, 

Model BP 12 J S ). Experiments were performed in triplicate. 
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4.2.5. Protein profile of EPS (EPS extracted from A. junii BBlA grown in presence and absence of 

metal salts subjected to SDS-Polyacrylamide Gel Electrophoresis. 

EPS was extracted from 24 h old culture grown in AB medium supplemented with or without copper 

ions. The concentrations of the copper ions was selected from its MTC values as obtained by agar 

dilution technique (MTC or Maximum tolerable concentration is defined as the highest concentration of 

metal ion that do not inhibit the formation of single colonies after 24-48 h of incubation at 30 oc ). 
Reagents: 

• 4 X stacking gel buffer (0.5M Tris-HCl at pH 6.8) 

• 4 X resolving gel buffer ( I.5M Tris-HCl at pH 8.8) 

• IO X running buffer (30 g ofTris base, 144 g of glycine, and 10 g ofSDS in 1000 ml ofH20, 

pH 8.3) 

• 2 X SDS-PAGE sample buffer (2 ml of 4X stacking gel buffer, 1.6 ml of glycerol, 3.2 ml of 

10% SDS, 0.8 ml of2-mercaptoethanol, 0.4 ml of 1 %bromophenol blue) 

• Methanol 

• 1.5 M Tris HCl (pH 8.8): Tris base, 9g; distilled water, 30m!; pH adjusted to 8.8 with 6 N 

HCI and make it to 50ml with distilled water. 

• I M Tris HCl(pH 6.8): Tris base, 6 g; distilled water, 30 ml; pH adjusted to 6.8 with 6 N HCI 

and make it to 50 ml with distilled water. 

• 0.5 M Tris HCI (pH 6.8): Tris base, 3 g; distilled water, 30 ml; pH adjusted to 6.8 with 6 N 

HCI and make it to 50ml with distilled water. 

• Ammonium persulfate solution (10 %, freshly prepared each time) 

• TEMED 

• SDS (10 %) stock solution 

• 30% Acrylamide mix: Dissolve 29.22 g of acrylamide and 0.78 g ofbisacrylamide in 50 ml 

water and made up to 100 ml with water). Stock solution was filter sterilized through 

Whatman filter paper and stored at 4 °C. 

Preparation of 12 % resolving gels (1 0 ml): 

• dH20, 3.3 ml; 30 % acrylamide mix, 4.0 ml; I.5 M Tris (pH 8.8), 2.5 ml; I 0 % SDS, 0.1 ml; 

10 %ammonium persulfate, 0.1 ml; and TEMED, 0.005 mi. 

Preparation of 5 % stacking gels (3 ml): 
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• dH20, 2.1 ml; 30% acrylamide mix, 0.5 ml; 1.0 M Tris (pH 6.8), 0.38 ml; 10% SDS, 0.03 

ml; 10% ammonium persulfate, 0.03 ml; and TEMED, 0.003 mi. 

Casting the slab gel: 

• Glass plates were cleaned and the gel-casting unit was assembled. 

• The glass plate was marked at a level ~1.0- 1.5 em below the bottom ofthe comb teeth. 

• Appropriate resolving gel mixture was prepared and the solution was mixed properly before 

the addition ofthe TEMED. 

• The mixture was poured into the glass plate and sandwiched up to the marked level. 

• The gel was carefully overlaid with a ~2 mm deep layer of H20. 

• After completion of the polymerization ( ~30 min), overlaying water was poured off and any 

remaining liquid was carefully removed using filter paper. 

• The stacking gel was poured over the resolving gel until the height of the stacking gel was 

~2.0- 3.0 em. 

• A Teflon comb was inserted into this solution, leaving 1.0 - 1.5 em between the top of the 

resolving gel and the bottom of the comb. Care was taken so that no air bubble was trapped. 

• The stacking gel mixture was allowed to polymerize for ~2 hrs. 

• The sample comb was removed carefully from the stacking gel and the cassette was 

assembled in the electrophoresis apparatus. 

• At first the top reservoir was filled with running buffer and then the bottom tank. 

Preparation of samples: 

• EPS sample for protein profiling was prepared by solubilizing 0.4 mg (dry weight) EPS 

(extracted from cell grown in presence or absence of copper ions) in 100 111 of distilled water 

separately (in 1.5 ml microcentrifuge tube). To each of the sample 100 111 of2 X SDS-PAGE 

samples buffer was added and heated at 100 oc in water bath for 15 min. 

• The samples were cooled at room temperature. Insoluble materials were removed by 

centrifugation. 

Electrophoresis: 

• 15 Jll of each sample (EPS sample from culture grown in presence and absence of metal salt 

and sample containing intracellular proteins) was loaded into the bottom of the wei!. 

• A constant voltage of I 00 V was maintained at room temperature for 2 -- 4 hrs. 

• Proteins were visualized using coomassie blue staining method. 

Coomassie Blue Staining 
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Reagents: 

• Coomassie Brilliant Blue (CBR-250) stain:- 500 ml of methanol, 100 ml of acetic acid and 1 

g of CBR-250 was added to 400 ml of H20. 

• Destaining solution:- 120 ml of methanol and 70 ml of acetic acid was added to 810 ml of 

H20. 

Procedure: 

• After electrophoresis was complete, the gel was placed in the plastic container containing 

enough CBR-250 stain to cover the gel. 

• The gel was gently rocked for I h at room temperature. 

• Excess CBR-250 stain was discarded. 

• Destaining solution was added to bleach excess dye until a suitable background was 

achieved. The gel was stored in 5 % acetic acid and photographed. 

4.2.6. Antibiotic susceptibility testing 

Antibiotic susceptibility of BB lA strain was tested against 32 different antibiotics (Octo Disc, 3mm in 

diameter, purchased from HiMedia, India; Table 4.1). The susceptibility to antibiotics was examined 

with the disk diffusion method (Bauer et al., 1966). Cells were grown in the LB liquid medium at 30 oc 
for 12 h. 0.1 ml culture (at an 0.0600 ofO.l) was spread onto Mueller Hinton Agar (HiMedia, India) 

plates. The antibiotic disc were placed on these plates and incubated at 30 oc for 48 h. The strain was 

classified as sensitive or resistant to a specific antibiotic by the presence or absence of inhibition zone of 

growth around that antibiotic disc. 

Table4.1: List of antibiotics used in the experiment. 

Autibiotics Conce11tratio11 A11tibiotics Conce11lration A11tibiotics Conce11tratio11 ill 
i11 pgl disc i"-EJ:! disc pf!/ disc 

Amikacin (Ak) 10 Ciprofloxacin (Ct) 30 Nitrofuranton (Nt) 300 

Ampicilin (A) 10 Colistin sulphate (Cl) 25 Nortloxacin (Nx) 10 
Augmentin (Au) 30 Co-Trimoxazole (Co) 25 Otloxacin (Of) 5 
Azireonam (Ao) 30 Furazolidone (Fr) 50 O~tetracycline (0) 30 
Ceftazidime (Ca) 30 Gentamicin (G) 10 Piperacillin (Pc) 100 
Cephalexin (Cp) 30 Imipenem (I) 10 Streptomycin (S) 10 
Cephalothin (Ch) I Kanamycin (K) 30 Sulphamethoxaole 25 

(Sx) 
Cephotaxime (Ce) 30 Mecillinam (Me) 33 Sulphatriad (Cl) 200 
Cephoxitin (Cn) 30 Nalidixic acid (Na) 30 Tetracydine (T) 25 
Chloramphenicol (C) 30 Netillin (Nt) 30 Ticarcillin (Ti) 75 

Tobramycin (Tb) 10 
Trimethoprim (Tr) 1.25 
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4.2.7. Dete<:tion of plasmid DNA in A. junii BBlA 

It is thought that the bacterial resistance to metals and antibiotics are often correlated (Enne et al., 2001) 

because of the possibility of co-existence of resistance genes for both metal and antibiotic on the same 

plasmid (Smith et al., 1993; Rasmussen and Sorensen, 1998). Therefore plasmid isolation was 

performed. The methods used for isolating plasmid from BB lA were lysis method (Sambrook et al., 

2001) and the method described previously by Kado and Liu (1981 ). 

Reagents: 

• Solution l: 

• Solution H: 

• Solution III: 

50 mM glucose 

25 mM Tris-Cl (pH-8.0) 

10 mM EDT A (pH-8.0) 

Sol. I was prepared from standard stocks in batches of a I 00 ml; it 

was autoclaved for !5 min, at 15 Psi on liq-cyc!e and stored at 4 

0.2 N NaOH (freshly diluted) 

I% (w/v) SDS 

lt was prepared freshly and stored at room temperature. 

5 M CH3COOK 60.0 ml 

CI-hCOOH: 11.5 ml 

H20: 28.5 ml 

The resulting solution was stored at 4 oc. 
• TE Buffer (Tris-EDTA): 10 mM Tris-HCJ, 1 mM EDTA, pH 8.0 

• SOX T ButTer (Tris-Acetate-EDTA): Tris base (242 g), Acetic Acid (57.! ml), 0.5 M 

( 100 ml). Add ddH20 to l liter and pH was adjusted to 8.5 using KOH. 

• 6 X loading dye (Glycerol and bromophenol blue): 3 ml glycerol (30%), 25 mg 

bromophenol blue (0.25%), dH20 to I 0 mi. 

Isolation a,[ plasmid DNA (Mini preparation): A. junii BB lA was grown overnight in LB medium at 37 

°C. 1.5 ml of this culture was taken in a microcentrifuge tube and centrifuged at 5000 rpm for 5 min. The 

pellet was suspended in 100 f!l of solution I, followed by 200 !ll of solution II. The suspension was 

mixed by inverting the tubes and was incubated at room temperature for 5 min for complete lysis. 

Chilled solution III (150 !11) Yvas added to the tubes and mixed gently. Tubes were chilled on ice for 10 
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mm followed by centrifugation at l 0,000 rpm for 15- 20 min at 4 °C. The clear supernatant was 

transferred to the fresh tubes and double volume of isopropanol was added. It is then centrifuged at 

10,000 rpm for 20 min at 4 °C. Pellet was rinsed with 70 % alcohol, air-dried and suspended in 30 ).ll of 

TE buffer (pH 8.0). The presence of DNA was checked on 0.8% agarose by gel electrophoresis. E. coli 

Sl7-l containing plasmid pSUP5011 was used as control. 

Agarose gel electrophoresis: 0.8% agarose (or less based on the increasing size of DNA fragment to be 

resolved) in 1 X T AE buffer was melted in a microwave and then cooled to 50-60 °C. rt was then 

supplemented with 1 ~tg/ml ethidium bromide. The melted agarosc was then poured in a casting 
0 

fitted with a Teflon comb forming wells. DNA loading dye (1 X) was mixed to the sample DNA to 

loading in the wells. Electrophoresis was performed in horizontal electrophoresis tank using !X 

buffer for l-2 h. Existence of plasmid DNA band, if any, was directiy visualized on a UV 

transilluminator. 

4.2.8. Detection of AHL based quorum sensing phenomena in A. junii BBlA 

tumefaciens NTL4 (pZLR4) was used to detect AHL based quorum sensing signal molecule in A. 

BBIA. strain NTL4 is the acyl-HSL indicator strain; does not make its own acyl- HSL and 

carries the plasmid pZLR4, contains a fusion and traR. [n the presence of external 

AHLs the TraR protein is activated, transcription of the traG::lacZ fusion is turned on, and LacZ ((3-

galactosidase) activity can be used as a reporter of\ traG transcription (Cha et a!., 1998). AHL-Iikc 

molecules in BB 1 A strains was detected by the method of Farrand et a!. (2002). Cell free filtrate (150 

).ll) from stationary phase culture of BB 1A grown in basal salt medium (AB minimal medium) was 

mixed with !50 !Jl of stationary phase culture of A. tumefacien'>· NTL4 (pZLR4) and the resulting 

was spotted on plate containing AB minimal medium supplemented with 0.5% glucose. 40 !Jl of 

2% X-gal solution was spread on each plate before use. The presence of autoinduceri cross-feeding of 

the biosensor were determined by observing change in color to blue over the course of two days at 28 

°C. Only sterile medium in place of cell-free filtrate of BB l A was used to rule out any non-specific 

autoinduction. As positive control, spent culture supernatant of A. tumefaciens NTL4 (pTiC58DaccR) 

was used to cross feed A. tumejaciens NTL4 (pZLR4). A. tumefaciens NTL4 was used as negative 

control in this assay system. 

141 



Chapter 4 

4.2.9. Effect of Quorum sensing inhibitor (4-NPO) on growth of BBlA in presence of metal ions. 

A. junii BB 1 A was grown in 250 ml Erlenmeyer flasks containing 50 ml AB broth or BHI broth 

supplemented with different concentration(s) of 4-NPO at pH 7.2 ( incubated at 30 °C for 48 h under 

static condition) and compared with growth data in the same medium without 4-NPO. EPSs were 

quantified from all 48 hold cultures, grown under the same conditions, following the method described 

in chapter 2. The threshold concentration of 4-NPO was determined as the minimum concentration 

which completely inhibited the production of EPS but allowed persistent growth of the cells compared 

to growth in absence of 4-NPO. 

In order to determine the role of EPS in metal tolerance, threshold concentration of 4-NPO was 

used to create EPS deficient growth condition. Growth, EPS production and MlC (MIC of Cu, 

f-Ig, Ni, and Co) AB or BHI broth was then determined in presence and absence of 4-NPO (Threshold 

concentration). growth production EPS were quantified 250 ml Erlenmeyer 

50 supplemented with different concentration (0-10 mM) of metal 

or or CoCh 6H20 or HgCh or NiC!z.6H20 or CdCb.H20). Growth was 

measured 48 h by reading absorbance at 600 nm. EPS was extracted from each 48 h old culture 

medium by the method described in chapter 2. 

4.2.10. Demonstration of metal binding properties of EPS by Energy dispersive X-ray 

spectroscopy 

An aliquot of 400 ~d each of ZnS04.7H20 or CuS04.5H20 or CoCh.6H20 or HgCh or CdCh.H20 stock 

solution (I 00 mM) was mixed separately with 1 mg/ml EPS solution in a test tube with a final volume of 

4m I (initially 2m! of EPS solution containing 4mg EPS was mixed with 1.6 ml of distilled water). The 

m was then incubated for equilibration at room temperature for 30 min. Double volume of ice-cold 

ethanol (95%1) was added to metal-EPS solution to precipitate the EPS. The precipitate was washed 

twice with 8 ml ethanol (95%) to remove unbound metal, thereafter dried under vacuum. Preparation of 

the control EPS was identical as described except addition of metal salt solution was excluded. 

Elemental analysis of both dried precipitate(s) (control and metal salt treated EPS) was done using a 

scanning electron microscope coupled with energy dispersive X-ray spectroscopy (SEM-EDX) (FEI 

Quanta 200MK2). 
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4.3. Results 

4.3.1.Effect of different metals on cell growth in liquid media 

Growth of BB 1 A in absence and presence of different concentrations (0-1 0 mM) of different metal ions 

(Zn2
+ or Cu2

+ or Co2
+, Hg2+ or Ni2+ or Cd2+) was initially determined in AB minimal media (Fig. 4.2 a to 

f). Growth was monitored as optical density at 600 nm (OD600). No lag phase was noticed during first 6 

h of incubation in presence of 1 mM each of Cu2+, Ni2+, Zn2+, 0.1-0.2 mM Cd2
+, and in presence of 2 

~tM Hg2
+. In presence of2-3 mM Cu2

+, 2 mM Ni2
+, 2 mM Zn2

+, 1-2 mM Co2
+, 4-8 ~M Hg2

+, and 0.3-0.2 

mM Cd2
+ growth ·was slow during the first 6 h of incubation, however growth in terms of increase in 

optical density was noted till 24 h of incubation. It seems that the cell requires certain density (O.D6oo of 

O.l) to overcome the metal stress in AB medium. At high concentration of Zn2
+ (3 mM), Cu2\4 mM), 

M) H 7+,.0 M) d . "' ·' 1 l I . h'h' J H 2+ m , g·· t 1 m , an miVl), me growtn \Nas comp,ete.y m .. Llteu. _ .g 

\Vas to most metal to BB 1 A since growth was completely inhibited at concentration 

order to determine the effect of growth media, BB lA was grmvn in nutrient rich BHI broth 

supplemented with different concentrations (0-1 0 mM) of metal ions (Zn2
+ or Cu2

+ or Co2
+ or Hg2

+ or 

N or is sho\vn in 

, and 

(Fig.4.2 g to 1). Cell growth remained unaffected 

(up to 0.3 mM) and achieved OD600 >0.1 within initial 6 

h of growth, moreover BB l A cells can grow in presence of metal concentration higher than that 

observed in AB medium. Here also the Hg2
+ was found to be most toxic metaL 
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and f) are 

I '+ and I- g-

respectively. g), and !) are the growth curves obtained in BHI media in presence 

4.3.2.Determination of minimal inhibitory concentrations (MICs) of metals 

In Liquid media 

Sensitivity of A. junii BB 1 A towards the metals was tested in both AB minimal medium and BHI broth. 

Table 4.2 shows the M!Cs of metals in mM during the growth ofA.junii BBlA in AB minimal medium, 

and in BHI broth. Generally the MIC values were found to be higher in BHI broth than in AB medium. 

The order of sensitivity in AB and BHI broth was Hg2
+> Cd2

+> Zn2+ = Co2
+> Ni2+ = Cu2

+ and Hg2
+> 

Cd2+ C ?+ N·?+ 7 2+ C 2+ . I > o- = ~~ > ,__n > u respective y. 
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Table 4.2: Minimal inhibitory concentration (MICs) in mM of the metal ions durin& growth of A. junii 

BB lA culture in AB minimal broth (supplemented with Yeast extract, 2 g/l; glucose, 2 g/1) and Brain 

heart infusion (BHI) broth. 

Metal ion 

Cu + 

Cd2+ 

Ni2+ 
Zn2+ 

Co2+ 

In AB minimal broth 
4.0 
0.5 
4.0 
3.0 
3.0 

0.010 
Data are the means of three independent experiments. 

In Solid media 

MICs in mM 
In Brain heart infusion (BHI) broth 

9.0 
0.8 
5.0 
7.0 
5.0 

0.018 

Sensitivity 8B IA towards metals was tested both AB minimal agar and BHI agar. 

Table shows the MICs of metals in mM during the growth of junii BB lA on AB minimal agar 

and BHI agar. The 

and Hg2+> Cd2+> 

m agar and BHI agar was Hg2+> 

respectively. 

concentration (MICs) in mM of the metal ions during 

BB !A culture on AB minimal agar (AB) and Brain heart infusion (BHI) agar. 
----------------------------------

Metal ion 

---------Cu~+ 

Cd2
' 

Nf" 
zn2i 

Co2+ 

AB agar 
2.0 
0.3 
2.0 
2.0 
l.O 

0.004 
Data are the rneanc,· qf'three independent experiments. 

MICs in mM 
BHI agar -----

4.0 
0.4 
3.0 
4.0 
4.0 
0.01 

A. 
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4.3.3.EPS production in presence of metal salts 

It was observed that the amount of EPS produced by BB lA cell gradually increased with increasing the 

concentration of metal and reached a maximum at its tolerable metal concentration (Table 4.4). 

Table4.4: Effect of tolerable metal ion concentrations on EPS production. 

Metal ion 

No metal added 
Cu2+(l mM) 
Cd2\0.! mM) 
Ni2+(1 mM) 
Zn2\l mM) 

1 mM) 

Metal ion 

No metal salt 
Cu2\3 mM) 
Cd2+(0.3 mM) 
Ni2+(2 mM) 
Zn2+(3 mM) 
Co2+(3 mM) 
Hg2+(0.008 mM) 

In AB broth 
Growth at 48 h of incubation 

( O.D6oo) 
0.24 
0.21 
0.19 
0.20 
0.22 
0.10 
0.20 

EPS precipitated from 48 h 
old culture ( mg/1) 

10 
20 
20 
20 
20 
20 
10 

In BHI broth 
Growth at 48 h of incubation 

( O.D6oo) 
0.60 
0.60 
0.54 
0.60 
0.55 
0.55 
0.45 

EPS precipitated from 48 h 
old culture (mg/1) 

--- 110 

200 
100 
210 
200 
100 
90 

Data are the means of'three independent experiments. 

4.3.4.Visualization of identical Protein bands in EPS extracted from A. junii BBlA grown with or 

without supplementation of copper ions 

The protein profile of EPS extracted from both the metal exposed and metal unexposed cells were 

identical (Fig. 4.3), supporting the fact that protein constituent in EPS is necessarily the same be the case 

that the cells were grown in presence of added metal ions or not. The variation is observed in the yield 

of EPS; in cells exposed to metal ions the yield of EPS was more compared to the cells grown in media 

without supplementation of metal ions. 
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Fig 4.3: SDS-PAGE of protein obtained from EPS (extracted from A. junii BB 1 A grown 

absence of metal salt). Lane l EPS protein profile from cells gro·wn in AB medium without copper 

Lane 2 EPS protein profile from cells AB supplemented with copper ions. 

4.3.5.Antibiotic susceptibility 

strain BB IA was found to be susceptible to all the 32 antibiotics tested (the antibiotics have been 

tisted in Table 4.1 ). Clear zone of more than 5 mm was observed around the antibiotic disc (Fig. 4.4) 
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4.3.6.Detection of AHL based quorum sensing phenomena in A. junii BBlA 

The observation that the cell grew rapidly after achieving a cell density (O.D6oo > 1.0) in presence of 

metal ions (observed both in AB and BHI medium), has prompted to study the cell density dependent 

phenomena i.e. quorum sensing in A. junii BB lA. This phenomenon was demonstrated by using AHL

Biosensor strain A. tumefaciens NTL4 (pZLR4). Culture supernatant from BBlA induced blue 

colouration of the spot [containing BBlA cell free filtrate mixed with A. tumefaciens NTL4 (pZLR4)] 

(Fig. 4.5). This result strongly suggested that BBlA possess quorum sensing system and produces a 

signaling molecule functionally similar to an AHL molecule having autoinducer activity. 

Fig. 4.5: Detection of AHL-like mo]ecules using A. tumefaciens NTL4 (pZLR4) as biosensor strain. 

Culture supernatant from BBlA induced blue coloration in the growth spot [containing BBlA cell free 

t1ltrate mixed with A. tumefaciens NTL4 (pZLR4)]. 

4.3. 7. Metal resistance by EPS-deficient A. junii BB lA cells 

Threshold concentration of 4-NPO that prevented production of EPS but allowed normal growth (quanta 

of growth nearly identical to cells grown in AB or BHJ medium without any supplementation) was 

determined (Fig. 4.6 a, b and c). 
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Fig 4.6: Effect of varied concentration of 4-NPO (4- Nitro pyridine N-oxide) on growth and production 

of EPS by A. junii BB 1 A. Growth curve of A. junii BB !A in AB (a); and BHI medium (b) in absence 

presence of 4-NPO. in absence of 4-NPO; in presence of 0.05 mM 4-NPO; in presence 

of 0.1 mM 4-NPO; (x), in presence of 0.15 mM 4-NPO; (*), in presence of 0.2 mM 4-NPO; and (•), in 

presence of 0.25 mM 4-NPO. Where, (c) shows EPS production by A. junii BB lA in absence and 

presence of different concentrations of 4-NPO in AB (o), and BHI (£..) media. EPS was extracted from 

48 h old culture broth. Values are means of triplicate independent measurement. 
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• In presence of 0.05 mM 4-NPO (threshold concentration in AB medium) or 0.1 mM 4-NPO (threshold 

concentration in BHI medium), BBlA was found to become sensitive to all the metals tested as revealed 

by the decrease in MIC (Table 4.5 a and b). This result should be compared with the growth and MIC 

values obtained with the cells grown in the same medium without 4-NPO. 

Table 4.5: a) Effect of threshold concentration of 4-NPO (0.05 mM) on MIC, growth and EPS 

production in AB liquid medium. 

Metal In AB broth 
MIC (in mM) Growth at 48 h of EPS precipitated from 48 

incubation ( O.D Goo) hold culture (mgll) 
- 4 NPO +4NPO - 4NPO +4NPO - 4 NPO +4NPO 

No metal NA NA 0.24 0.21 20 <10 
added 
Cu2

' 4.0 LO 0.21 0.21 40 <10 
Cd2

' 0.5 0.! 0.20 0.10 40 <10 
Ni2+ 4.0 2.0 0.20 0.22 40 <10 

3.0 l.O 0.22 0.20 40 <10 
c 2+ 0 3.0 0.5 0.10 0.10 20 <10 

0.01 0.002 0.10 0.20 10 <10 

means a,/ three independent experiments. 

(O.l on M and 

in BHI broth. 
--- --~----------------------------------

Metal In BHI broth 
------·--------·---~~--

MIC Growth at 48 h of EPS precipitated fmm 48 
incubation ( O.D 6oo) h old culturej __ I!_l_~--

- 4NPO +4NPO - 4NPO +4NPO - 4 NPO +4 NPO 
-----·------------ ----

No metal NA NA 0.6 0.55 llO <10 
added 
c 2+ 
~u 9.0 3.0 0.60 0.60 200 <10 

Cd2+ 0.8 0.1 0.54 0.55 100 <jQ 
N.7, 

!"" 5.0 2.0 0.60 0.60 210 <10 
Zn2.,. 7.0 l.O 0.55 0.50 200 <10 
Co2+ 5.0 1.0 0.55 0.50 100 <10 
Hgz+ 0.018 0.004 0.45 0.42 90 <10 

Data are the means of three independent experiments. 

4.3.8. Demonstration of metal binding properties of EPS by Energy dispersive X-ray spectroscopy 

EDS spectra of EPSs exposed to 10 mM of each metal salt solution (ZnS04. ?H20 or CuS04.SH20 or 

CoCh.6I-h0 or HgCh or CdCh. H20), showed the presence of prominent corresponding peaks (Fig.3.l3 

a to f, Chapter 3), which were absent in the control (Fig. 3.13 g, Chapter 3), and have confirmed the 

sorption of these metal ions by the EPS of A.junii BB lA. 
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4.4. Discussion 

Although some heavy metals are essential as trace element for microorganism, but all heavy metals are 

toxic in micromolar or millimolar concentrations due to their ability to block various functions and 

replace vital metals in enzymes. However, certain bacteria are capable of growing in presence of heavy 

metals. For defining metal resistance, Nieto (1987) considered those isolates that could grow in 10 mM 

As, 1 mM each of Cd, Co, Cu, Ni, Pb, Zn and Cr, and 0.1 mM Hg to be resistant. In this study, the strain 

BB I A was capable of growing in presence of heavy metal (Zn2+, Cu2+, Co2+, and Ni2+) at a 

concentration greater than I mM in both liquid and solid medium, an ability that may be important with 

regard to the capacity of this bacterium to survive in polluted environment with elevated levels of heavy 

metal ions. The resistance to the metals was found to be dependent on the type of growth media used; 

the minimum inhibitory concentration (MIC) was higher when determined in nutrient rich BHI as 

compared to AB minimal medium. Differences in MIC values on agar (solidified medium) and liquid 

medium are probably caused by entirely different environment. In liquid medium having metal 

complexing agents, the interaction with free metal ions is more intense leading to lesser bioavailability 

which in turn enhances the MIC values. Again EPS production is directly related to growth. The 

availability of nutrients being uniform in suspension (liquid form), bacteria grow much faster to attain 

the critical cell density to switch on the quorum induced production of EPS that provides protection 

against the metal assault. Hence, higher concentrations of metal ions are required to inhibit the growth in 

- liquid media. Variations in MICs of heavy metals influenced by the media composition were reported 

earlier (Nieto et a!., 1989; Raja et a!., 2008). Components like peptone, yeast extract, tryptone and 

casamino acids (present in commonly used media) can bind to metals and therefore cause variations in 

M!Cs evaluated in different media (Gadd and Griffiths, 1978; Babich and Stotzky, 1980). 

It was observed that the production of EPS by A. junii BB 1 A increased with increasing concentration 

of added metal ions (Zn2
+, Cu2

+, Co2
+, and Ni2+); attaining maximum (two- fold increase; Table 4.5 a 

and b) at the tolerable concentration in both AB and B~I medium. This phenomenon of enhanced 

production of bacterial EPS in the presence of toxic metals was ascribed as a defense mechanism against 

toxicity (Decho, 1994; Fang et al., 2002). Recently, Ordax et al., 20 I 0 has demonstrated the role of 

amylovoran (the main component of EPS) in the survival of Erwinia amylovora in copper stress 

environment. Similar results were obtained with a Cr (VI) resistant strain, Stenotrophomonas sp. JD1, 

which tolerated 1 mM Cr (VI) to the maximum extent that allowed growth, produced highest amount of 

EPS in presence of 0.33 mM and to lesser extent when grown without Cr (VI) or with 0.67 mM or 1 mM 

in tryptone-yeast extract (TY) broth (Morel et al., 2008). Kidambi et al. (1995) observed an increase in 
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the EPS synthesis by a subset of P. syringae strains on mannitol-glutamate medium containing CuS04. 

Stimulated production of EPS was also been reported in presence of Cr (VI), Cu2
+ , Cd2

+ during the 

growth of Enterobacter cloacae, P. aeruginosa copper-resistant strain, and cadmium-resistant Ralstonia 

sp. TAKl respectively (Kazy et al., 2002; Iyer et al., 2004; Watcharamusik et al., 2008 ). 

To further confirm the role of EPS in the resistance against heavy metal ions, EPS deficient 

condition was created by treating BB lA cells with threshold concentration (0.05 mM in AB medium and 

0.1 mM in BHI medium) of 4-NPO (a quorum sensing inhibitor) that prevented production of EPS but 

allovved normal growth. In presence of 0.05 mM or 0.1 mM 4-NPO (Table a and b), the sensitivity 

of BB 1 A cells tested against all metals was significantly increased. This result should be compared with 

the growth and MlC values obtained with the cells grown in the same medium without 4-NPO (Table 

4.5 a and b). By creating conditions where EPS synthesis was blocked by 4-NPO the cells became 

vulnerable to metals at . in the study it was show-n that the synthesis of EPS is 

sensing phenomenon; \Vhen EPS is not produced, cells become susceptible to toxic 

it is concluded that EPS produced A. junii BB lA provide significant advantage on its 

survival the presence of toxic metal ions. 

The resistance mechanism is generally known to be chromosomally encoded or, more often, 

ditTerent showing 

(Piotrowska-Seget et al., 2005). 

capacities are known to be carriers of metal resistance 

this study, plasmid was not detected in A_ junii BB l A; and therefore 

the possibility genes responsible for heavy metal resistance might be present on its chromosome. The 

strain was also found to be sensitive to all of the antibiotics tested. It is well known that the genes 

conferring resistance to an antibiotic generally resides on plasmid. The antibiotic sensitivity of this strain 

further supports the possible absence of any plasmid. Belliveau et al. (1987) reported the absence of 

plasmid in a Pseudomonas sp. isolated from polluted sediment and suggested that lead, tin, and multiple 

antibiotic resistances noted in the bacterial species was probably not encoded by plasmid. BB 1 A is 

therefore an important model for studying resistance to heavy metals. 

One potential mechanism of increased resistance to metal ions is the complexation and sequestration 

of divalent metal ions by the EPS. It has been previously shown in many bacteria that the EPS or the 

polysaccharide component have the ability to bind metal ions (Kaplan et al., 1996; Kim et al., 1996; 

McLean et a!., 1990). EDS spectra of EPS (extracted from A.junii BB 1 A biofilm) treated with different 

metal salts revealed the sorption of respective metals --_:vhich explained the underlying mechanism of 

rendering tolerance to heavy metals. Overall, the benefits that EPS provide to A_ junii under metal stress 

provide a new insight into survival strategies developed by this bacterium. 
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CHAPTERS 

An Attempt to Identify Genetic Loci Responsible for 

Formation of Biofilm in A. junii BBlA 

5.1. Introduction 

5.1.1. Genetic Regulation of biofilm formation 

Biofilm formation in microorganisms is a well-regulated developmental process that results in a 

complex population of cell types. The developmental process has been extensively studied in model 

organism such as Pseudomonas aeruginosa and can be divided into some basic key steps such as 

initiation) attachn1ent., Inicrocolony formation, biofihn maturation and dispersion (Sauer et aL, 2002). 

Almost every step is governed and regulated by diverse types of genetic mechanism and it varies among 

different types of bacteria. 

5.1.1.1. Initiation of biofilm 

Genetic analysis of biofi!m formation many bacteria revealed multiple to initiate 

biofilrri development. Initiation mechanism in many bacteria can be studied usmg mutant strains 

in biofilm formation. A screening method involving the growth biofilm formation 

in 96-well piastic microtiter dishes has been extensively applied for the isolation of biofilm defective 

mutants among \Vide variety organisms (Genevaux et al., 1996; Heilmann and Gotz, 1998; Mack et 

a!., 1994. Nyvad and Kilian, 1990). These biofilm defective mutants have been used to identify 

development of biofilm. Similarily 

attachment, have also been described in a similar way 'Toole Kolter, 

cholerae utilizes different pathways for initial attachment depending on the surface to 

organism attaches. It requires Tcp pilus for the attatchment to intestine (Herrington et al., 1988). While 

on abiotic surfaces, it is the pilus encoded by the msh locus that is required (Watnick et al., 1999), ln 

Acinetobacter baumanii, the chaperone-usher secretion system leads to the formation of pili, which !S 

further involved in the attachment and biofilm formation on to plastic surfaces (Tomaras et al., 2003). 
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5.1.1.2. Quorum sensing 

An important characteristic of many biofilm forming bacteria is the density dependent expression of 

certain functions such as secretion of extracellular polymeric substances (EPS). It has been found that 

the secretion of EPS is under quorum-sensing control and has been widely studied in a number of 

bacterial model systems. In many species, including P. aeruginosa, the production of EPS occurs at high 

cell density (Davies et al., 1998; Sakuragi and Kolter, 2007). The study of bacterial strains with 

mutations in genes involved in the expression of signaling molecules and the analysis of differential 

gene expression in biofilms are contributing information on the• molecular mechanisms of biofilm 

formation and the role of quorum sensing. In A. baurnanii too the quorum sensing pathway senses the 

extracellular signal and directs the formation of biofilm. The strain A. baumannii M2 produces an acyl

homoserine lactone molecule, which is known to be a product of the abal autoinducer synthase gene. 

Actis (2009) the biofilm regulation in A. baumannii and described that the 

inactivation of results a 30--40% biofilm hence the product abal gene is 

assumed to an mportant in the formation m bacterium. It was observed by 

the investigators, that the addition exogenous purified M2 acyl-homoserine lactone has restored 

biofilm maturation of the abal mutant. 

biofilm as 

quorum sensing 

as 

IS 

human 

Parsek, 2008). Similar mutational studies in P. aeruginosa, the mutant which is unable to 

the quorum-sensing acylhomoserine lactones revealed significantly 

architecture (Davies et al., 1998). This clearly demonstrated that these molecules regulate the formation 

ofbiofilm structures in these organisms. 

The AHLs are the predominant signaling m 

belonging to a, ~,andy subdivisions. Structurally AHLs consist a homoserine lactone ring 

linked via an amide bond to an acyl side chain (ranging between 4 and 18 carbons) which may 

saturated or unsaturated and with or without a hydroxy-, oxo- or no substituent on the carbon at the 3 

position of the N-linked acyl chain (Atkinson et a!., 2007). AHLs are usually synthesized by enzymes 

belonging to the Luxl family of AHL synthases. Much of the work on quorum sensing systems fall 

under the "two-gene" (an autoinducer synthase 'Luxi' together with a receptor molecule 'LuxR') model 

as defined in the Gram-negative Proteobacteria such as Vibrio fischeri system. Studies on the 

comparison between proteobacteria phylogeny as revealed by 16S ribosomal RNA sequences and 

phylogenies of Luxf and LuxR homologs shows a particularly high level of global similarity. In Gamma 

Proteobacteria the quorum sensing genes, which, although functionally similar to the luxJ!!uxR genes, 

have a markedly divergent sequence (Lerat and Moran, 2004). Studies of the crystal structures of Esal 
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and Lasi (the Luxi homologue) from Pantoea stewartii and Pseudomonas aeruginosa respectively have 

revealed that this large protein family belongs to the GCN5-related N-acetyltransferase protein family 

(Watson et al., 2002; Gould et al., 2004). The Luxi-like proteins are responsible for the biosynthesis of a 

specific acylated homoserine lactone signaling molecule (AHL) known as an autoinducer. The AHL 

concentration increases with increasing cell density. Once synthesized, AHLs gather extracellularly and 

diffuse into nearby bacterial cells where they usually interact with members of the LuxR family of 

transcriptional regulators (Fuqua et al., 1996; Swift et al., 2001; O'imara et al., 2002). The AHLs then 

bind to, and activate LuxR homologous proteins and the resulting LuxR protein/ AHL complex activates 

or represses the related target structural gene(s) (Swift et al., 200 I; Zhang et a!., 2002; Camara et a!., 

2002). 

Table 5.1: Some examples of A HL dependent QS systems in gram negative gamma proteobacteria. 

Signal 

molecule 

C4-HSL 

C6-HSL 

Structure 

3-0xo-C6-HSL o 
o o ')-cz 

3-oxo-C 1 0-HSL 

3-oxo-C 12-HSL 

~NA_J 
I 
H 

Bacteria 

Aeromonas hydrophila. 
Aeromonas salmonicida, 
Pseudomonas aeruginosa, 
Serretia liquefaciens MG I, 
Serretia .sp ATCC39006, 
Pseudomonas aureofaciens, 
Yersinia 
enterocolitica. Aeromonas 
hydrophila. Aeromonas 
salmonicida, 
Pseudomonas aeruginosa, 
Pseudomonas aureofaciens. 
Serretia sp ATCC39006, 

E. carotovora. Vibrioflscheri. 
Yersinia enterocolitica 
Enterobacter agglomerans, 
Er1vinia chrysanthemi, 
Pantoea stewartii, Yersinia 
pseudotuberculosis 
Vibrio anguillarum 

Pseudomonas aeruginosa 

Refrences 

Williams, 2007 

Williams, 2007 

William, 2007; 
a!., 1993; Nasser et 
Batchelor et al., 1997; 
Atkinson eta!., 1999 

Milton eta!., 1997 

Gambello and lglewski, 
1991 

162 



Chapter 5 

Table 5.2: Bacteria with Lux! and LuxR homologue(s). 

Organism 

Aeromonas hyd~ophila 
Aeromonas sa/monic ida 

Agr~b;~teri~~ tu~~]aciens 
Burkholderia cepacia 

Enterobacter agglomerans 
Erwinia carotovora Subsp carotovora 

Envinia chrysanthemi 
Escherichia coli 
Pantoea stewart if 
Pseudomonas aeruginosa 

Pseudomonas aureqfaciens 
Pseudomonasfluorescens 
Pseudomonas syringae pv. tabaci 
Ralstonia solanacearum 
Rhizobium etli 
Rhizobium leguminosarum 
Rhodobacter sphaeroides 
Serratia liquefaciens 

Vibrio anguil!arum 
Vihriofischeri 
Yersinia enterocolitica 
Yersinia pestis 
Yersinia pseudotuberculosis 

Yersinia ruckeri 

LuxR!Luxi homologues 

AhyR/Ahyi 
'""N" •o,A 0A 0 00"" 

AsaR/Asai 

TraR/Trai 

CepR/Cepi 
0 ••"""'" •A•••""""'n-'• 

Ea~R/Eagl 

CarR/ExpR 

Expl/Carl 
ExpRJExpi(EchR, Ech!) 

SdiA 

EsaR!Esai 
LasR/Lasi 

RhlR/Rhii 
PhzR/Phzi 
PhzR/Phzl 

PsyR/Psyi 

So!R/Soll 
RaiR/Rail 

RhiR 
CerR/Ced 
SwrR/Swr! 

VanR/Vani 

LuxR/Luxi 

YenR!Yenl 

YpeR/Ypel 
YpsR/Ypsl 

YtbR/Ytbi 

YukR/Yukl 

Gene Bank Accsession no. 

X89469 
U6574l 

Ll7024,L22207 
AF3300 18,AF3300 12 

X74300 
X74299,X80475,X72891 

X96440 
AE005414 

L32183,L32184 
M59425 

L08962,Ull8ll,Ul5644 
L32729,L33724 

L48616 
U39802 

AF021840 
U927l3 
M98835 

AFO 16298 
U22823 
U69677 

Ml9039,M96844,M25752 
X76082 

AF07140l 
AF079973 

AF079136 
AF079135 

5.1.1.3. Genetics regulation of EPS biosynthesis during biofilm formation 

Extrace! lular polymeric substances (EPS) is the important constituent of biofilm which make up the 

intercellular space of microbial aggregates and form the structure and architecture of the biofilm matrix. 

The key functions of EPS involve the mediation of the initial attachment of cells to different substrata. 

Literature contains some evidences that the cell contact with the substratum stimulates the transcription 

of EPS genes (Dunne, 2002). 

The regulatory mechanism of the EPS synthesis has not yet been well defined. EPS synthesis 

generally requires enzymes for the production of each nucleotide sugar precursor, separate transeferase 

for each monosaccharide in the subunit, one or more polymerase, and proteins involved in export of the 

polysaccharide (Coplin and Cook. 1990). Enzymes involved in the formation of EPS precursors. arc 

known to be under separate control from mechanisms of gene expression associated vvith the EPS 

molecules biosynthesis (Sutherland. 200 I). In number of bacterial species, the EPS 
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controlled by a large cluster of EPS biosynthetic genes. Boucher et al. (1997) and Mejiaruiz et al. (1997) 

reported that in Pseudomonas aeruginosa and Azotobacter vinelandii cells, the gene cluster algA, algC, 

algD, algE and algK are involved in the regulation of both the processes of biosynthesis and the 

secretion of extracellular molecules. In Staphylococcus epidermidis and S. aureus biofim, four 

homologous proteins (IcaA, IcaD, IcaB, and IcaC) encoded by genes organized in a single operon 

(icaADBC) (Cramton et a!., 1999; Heilmann et al., 1996) are responsible for the synthesis of 

exopolysaccharide known as P-1 ,6-linked N-acetylglucosamine, named PIA (polysaccharide 

intercellular adhesin) (Mack et al., 1996) and PNAG (poly-p-1,6-linked N-acetylglucosamine) 

respectively. Transposon mutagenesis in E. coli revealed that, a locus (pgaABCD) exhibiting significant 

similarity to the icaADBC operon fJf S. aureus is required for biot11m formation (Wang eta!., 2004). The 

operon pgaABCD is present in diverse bacterial species and appears to be part of a horizontally 

transferred locus (Wang et al., 2004). The gene product of pgaABCD are involved in the synthesis of an 

unbranched P-1, 6-linked N-acetylglucosamine. Analysis of conserved protein domains predicted that 

PgaC is an N-g!ycosyltransferase homologous to !cerA; PgaB is a lipoprotein with putative 

polysaccharide N-deacetylase domains similar to those of JcaB while PgaA and PgaD have no functional 

homologies 2006). Choi et aL (2009) has shown the presence of pgaABCD locus in Adnetobacter 

baumannii that encodes proteins that synthesize cell-associated poly-~-( l-6)-N-acetylglucosamine 

or PGA) and the locus is critical for biot1!m formation. Deleting the pga locus resulted in an A. 

baumannii strain deficient in PNAG, and transcomplementation of the S 1 !J.pga strain with 

the pgaABCD genes fully restored the wild-type PNAG phenotype. 

Table 5.3: Some biofilm forming bacteria havingpgaABCD 

Microorganisms 

E. 

Actinobacillus pleuropneomoniae 

Acinetobactcr baumannii 

Yersinia pestis 

Yersinia enterocolitica 

Borde tel/a parapertussis 

Pectobacterium atrosepticum 

Refrence 

Wang et 2004 

Izano et al., 2007 

Choi et al., 2009 

Izano et al., 2007 

Izano et al., 2008 

Parise et al., 2007 

Perez-Mendoza et al., 2011 
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5.1.2. Methods to characterize genes involved in biofilm formation 

One of the important objectives of molecular genetics is to identify and isolate genes regulating the 

expression of important traits. In the last few years, significant progress has been made in the area of 

detection and identification of genes involved in genetic traits of specific interest. Today, numbers of 

genome projects are adding tens of thousands of nucleotide sequences to the public databases each day. 

The main challenge is to translate these sequences into function. One approach commonly used is to 

search databases for well-characterized proteins that have similar amino acid sequences to 

the protein encoded by a nevv gene, and from there explore the gene's function further. Mutants that lack 

the gene or express an altered version of it can be used to study the function of genes in a cell or 

orgamsm. 

5.1.2.1. Induced Mutagenesis 

Most genes were identified by the processes when the genes were mutated. By treating organisms with 

large numbers mutants can be obtained and then screened for a pat1icular defect interest. 

An alternative approach to chemical or radiation mutagenesis is called insertional mutagenesis. This 

method involves random insertion of exogenous DNA (whose sequence is into 

the genome resulting in mutation the inserted fragment interrupts a gene or its regulatory sequences. 

The can be used as a molecular tag that assists in the subsequent identification and 

cloning of the disrupted gene. 

5.1.2.2.Transposon mutagenesis 

Transposon mutagenesis is an excellent strategy defining the genetic basis of various bacterial traits 

such as lm The two most exploited transposon systems are (Goryshin et l1 

is convenient to apply both in vitro and in vivo as it only requires the transposase catalysing the reaction 

and any DNA, including genetic markers, flanked by transposon end recognition sequences. Tn5 

transposes via the cut and paste mechanism (Reznikoff, 2008) and is well understood and described 

(Reznikoff, I 993; 2003). 

Tn5 is composed of terminal inverted repeats (IR) of the !53 5 bp insertion element IS50, 

flanking a central region of 2748 bp with genes conferring resistance to antibiotics including kanamycin 

(kan), bleomycin (ble) and streptomycin (str) (De Bruijn and Lupski, 1984 ). The method of Rich and 

Willis (1990) uses restriction enzymes that do not cut within Tn5 and a primer extending outward from 

the ends of Tn5 inverted repeats. 
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5.1.3. Identifying the interrupted genes 

Any phenotype obtained by transposon insertion is likely to occur because the insertion element has 

disrupted the corresponding gene, which means that the gene's sequences will flank the insertion site. 

Therefore, the method provides a short cut for isolating the target gene without going for linkage 

mapping and the assembly of large clone contigs. Theoretically, the simplest method of gene isolation is 

to generate a genomic library from the mutated organsims, and isolate clones containing the insertion 

element (and several kilobases of flanking DNA) by hybridization with the cloned transposon. However, 

there are methods to isolate flanking sequences in a matter of hours without the need for library 

preparation. 

Flanked DNA is the DNA segments that are on either side of the transposon and is generated 

during transposon mutagenesis. Once a particular mutant affecting a specific trait has been isolated, the 

next challenge is to clone and sequence the mutated or flanked DNA. 

In the past decades, many strategies have been developed to amplify unknown DNA flanking 

sequences. Alu-PCR, Inverse PCR (IPCR), and vectorette-PCR are PCR-based techniques used to 

amplify and clone unknown neighboring DNA junction sequences of the integrants. 

5.1.3.1.IPCR 

IPCR (Inverse PCR) is a modification of the PCR technique that is used to amplify cellular DNA 

adjacent to an integrated sequence after its intramolecular circularization (Collins et al., 1984; Ochman 

at al., 1988; Triglia et al., 1988; Silver and Keerikatte, 1989). The basic principle of IPCR is shown in 

figure 5.1. This method begins with the digestion of genomic DNA from the target tissue or cell line 

with a restri~tion enzyme which does not have a cutting site in the integrant. Subsequent intramolecular 

self-ligation of these DNA fragments generates a small monomeric circle. Within this circularized form 

of DNA, conventional PCR technique is applied to amplify the junction region by two primers in 

opposite directions on the known integrant sequences. Hence, in IPCR, the intramolecular 

circularization of template is a key step for amplification (Collins et al.., 1984). To avoid intermolecular 

ligation, the concentration of input DNA has to be decreased and results in a larger volume for ligation. 

·,.' 
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-....,. Transposon ~Interrupted gene 
----------~a~b_c~~~~·~~~d~e~f ________ _ 

____ ;R. a b 
J $~ Restriction digestion 

'¥.' 1 
EcoRI 

a b c d e f 

inverse PCR (IPCR) technique. (I) The genomic DNA with genes a, b, c, d for an 

of transposon and disruption of gene (III) Genomic DNA is cleaved 

restriction enzymes that do not cut inside the transposon, the transposon is liberated with the flanking 

sequences. cleave DNA is diluted and ligated to form circles. The circle containing 

the transposon insert is recognized by inseti specific inverse primer (outward primer). Amplification 

using this primer pair allows the flanking sequences to be cloned and sequenced subsequently (VH) to 

(VIII) the generated sequence represent inverted orientation and hence is reoriented in the original form. 

5.1.4. PCR amplification with degenerate primer 

Another approach to lish out the target gene is the PCR amplification using specific PCR primer, but 

approach can only be used when some of the sequences of target gene are known. In many cases 

one is interested to amplify a target gene whose sequences are not known in a particular organism. In 

such cases one has to design a primer from the homologous genes whose sequences are available in the 

data bank. Homology of a particular gene can be drawn using various bioinformatic tools more 

specifically sequence alignment software's such as CLUSTAL- W. This programme let the user to find 

out conserved sequences and can help them to make primers. Nucleotide sequence analyses with several 

alignment tools have revealed wide diversity with infrequent short stretches of similarity in luxl gene 

homologues. 

Bacteria communicates with each other and can collectively form a group with propetiies not 

expressed when they are alone (Greenberg, 2000). Quorum sensing is the term used to define and 

quantify such behavior. Actually the individuals in a bacterial population senses the quanta of certain 
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chemical signals called autoinducer (AI) produced by themselves in course of growth (Shaw et al., 

1997). N-acylated derivatives of L-homoserine lactone (acyl-HSLs) which are identified as Ais are the 

products of acyl-homoserine lactone synthase (Shaw et al., 1997). With few exceptions, these enzymes 

constitute an evolutionarily conserved family of homologues known as the Lux! family of autoinducer 

synthase (Gray and Garey, 2001). AI-based sensing mechanisms have been widely studied in gram 

negative bacteria (Greenberg 2000; Parsek and Greenberg, 2000; Swift et al., 1999) which in turn control 

several functions like exoenzyme synthesis, conjugation, antibiotic production, luminescence, metal 

tolerance and biofilm formation (Sarkar and Chakraborty, 2008). 

These stretches are too small to design a universal primer for conducting PCR amplification. 

Identifying lux! homologues from species (whose complete genome sequences are not available) by 

DNA-DNA hybridization using a single probe would also not be possible. The most viable solution to 

the problem is to design degenerate primer set for the amplification of such sequences. A PCR primer is 

called degenerate if some of its position has several possible bases (K wok et aL, 1994.) For example in a 

degenerate primer like bchY fwd (5-CNCARANATGGYCCNGNTTYG-3) R , Y N are 

degenerate that means primer is a mixture in which one contain either at position of R, similarly 

CIT at position and A/T/G/C at position N. Thus one in many primer mixtures will have the correct 

match with target so anneal correct 

number of degeneracy introduced. The degeneracy can be detined as the product 

available at the degenerate position the primer for example 1t :s 

2x2x4=16 therefore I in 16 primers have the correct match to the target DNA. This causes 

concentration of the specific primer in the mixtures of degenerate primer and will cause nonspecific 

PCR amplification as the Tm or annealing temperature of such primer is not clear. This can 

solved by using Touchdown PCR. A Touchdown PCR (TD-PCR) involves an 

temperature above the projected melting temperature of primers , then 

transitions to a lower, more permissive annealing temperature over the course of successive cycles, 

will avoid amplifying nonspecific sequences (Don eta!., 1991 ). 

As the whole genome sequences of many organisms are available in public domain it is possible 

to design gene specific primers for PCR amplification. A number of computer programs like Amplify 

(Jarmon, 2004), simPCR (Rubin and Levy, 1996), PCRAna (Nishigaki et al., 2000), PUNS (Boutros and 

Okey, 2004), and Virtual PCR (Cao et al., 2005; Lexa et al., 2001) are available on-line which can 

predict the efficiency of PCR amplification with such designed primers. These programs however could 

not predict amplification with degenerate primer set (Cao et al., 2005). 
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5.2.1. Transposon mutagenesis 

5.2.1.1. Isolation of plasmid DNA 

Chapter 5 

The plasmid vector pSUP50 11 (Simon et al., 1983) is a non-segregative, narrow host range plasmid 

carrying the transposon Tn5 with a broad host range mobilization sequence (mob) was isolated from the 

host strain E. coli S 17-1 (Simon 1984) according to the method followed by kado and Leu (Kado and 

Leu, 1981). 

Reagents used 

Solution I: 

Solution H: 

Solution III: 

50 mM glucose 

25 mM Tris-Cl (pH-8.0) 

lO mM EDT A (pH-8.0) 

Sol. I was prepared from standard stocks m a l 

for 15 min, at 15 Psi on liq-cycle and stored at 4 oc. 

N NaOH (freshly diluted) 

1% (w/v) SDS 

[t was prepared freshly and stored at room temperature. 

5 M CH3COOK 60.0 ml 

CH3COOH 11.5 ml 

H20 28.5 ml 

it was 

Sol. III was autoclaved for 15 min, at 15 Psi on l iq-cycle and stored at 4 oc. 

Isolation a_( plasmid DNA (Mini preparation): Plasmid (pSUP50ll) bearing E. coli was grown overnight 

in Luria-Bertani (LB) medium at 37 °C.l.5 ml of this culture was taken in microcentrifuge tube and 

centrifuged at 5000 rpm for 5 min. The pellet was suspended in l 00 f.! I of solution I, followed by 200 f.!l 

of solution II. The suspension was mixed by inverting the tubes and was incubated at room temperature 

for 5 min for complete lysis. Chilled solution III (150 f.!l) was added to the tubes and mixed gently. 

Tubes were chilled on ice for 10 min followed by centrifugation at 10, 000 rpm for 15- 20 min at 4 oc. 
The clear supernatant was transferred to the fresh tubes and double volume of isopropanol was added. 

Plasmid DNA was pelleted immediately by centrifugation at 10, 000 rpm for 20 min at 4 oc. Pellets 
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were rinsed with 70 % alcohol, air-dried and suspended in 30 111 of TE buffer (pH 8.0) each. The 

presence of DNA was checked by 0.8% agarose gel electrophoresis. 

Agarose gel electrophoresis: 0.8% agarose (or less based on the increasing size of DNA fragment to be 

resolved) in 1 X TAE buffer supplemented with 1 11g/ml ethidium bromide was melted in a microwave 

or boiling vvater bath and then cooled to 50-60 oc before pouring in a casting tray fitted with a Teflon 

comb forming wells. DNA loading buffer (1 X) was mixed to the sample DNA prior to loading in the 

wells. Electrophoresis was performed in horizontal electrophoresis tank using lX TAE buffer for 1-2 h. 

DNA could be directly viewed in a UV transilluminator. 

5.2.L2. Transformation ofsuicidal vector pSUP5011 

Preparation of competent BBJA using The vector pSUP5011 was used for 

BB l A. The vector was delivered by calcium chloride mediated 

overnight BBlA cells were added fresh IOml LB medium 

containing 1.5 mM NiCh and allowed to grow in shaker till the value reached at 0.04, the cells 

were then harvested at 6000 rpm for 15 min at 4 °C, washed with sterile ice-cold PBS buffer (pH 7 .2) 

suspended in j.ll 0.1 l suspension was stored at 4°C for 30 

min. The cells were recovered by centrifugation at 4000 rpm for 10 min at 4°C The fluid was decanted 

from the cell pellet, and was re-suspended in 400 pl ice cold 0.1 M CaCh. 

Transformation: 200 111 of the competent cells were transferred to a sterile microfuge tube. Plasmid 

DNA P50 11 (not more than 50 ng in a volume of l 0 ~tl) was added to the tube. Gentle swirling of 

the tube was done to mix the contents. The tube was stored on ice for 30 min. It was then 

transferred to a water bath (42 °C) for exactly 90 sec followed by immediate transferring to an ice bath 

for chilling for l-2 min. 800111 ofLB medium was added to the tube and incubated tor 45 min in a water 

bath set at 37 octo allow the bacteria to recover and to express antibiotic resistance marker encoded for 

the plasmid~ Appropriate volume (upto 200 111/ 9cm petriplates containing 15 ml medium each) of 

competent cells were transferred onto LB agar plate containing Kanamycin (50 !lg/ml). A sterile bent 

glass rod was used to spread the transformed cells over the surface of the agar plate. The plates were left 

at room temperature until the liquid had been absorbed. Finally plates were inverted and incubated at 30 

oc for 12-16 h tor the appearance of colonies. From the Kanr colonies the mutant was selected by replica 

plating on AB minimal agar plates plates containing different concentrations of NiCh. The mutant was 

selected on the basis of their higher nickel sensitivity compared to wild type. 
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Confirmatio-n of the identity of the Kanr mutant: To confirm that the mutant was derived from Ajunii 

BB l A the genomic DNA of the mutant was isolated by boiling lysis and PCR amplification was done 

using primer (bbrcl 5'-TTCGATGGTGACCGCCGCT-3' and bbrc2 5'-GCATCGCCATCGGCACG-3') 

(Bhadra et al., 2006). To confirm the presence of transposon Tn5-mob, PCR amplification was done 

usmg forward pnmer F-5'-CCGACTGGGCTAAATCTGTG-3' and reverse primer R-5'

CTCGTCCTGCAGTTCATTCA-3'. The primer was made from 5818 bp DNA of Escherichia coli 

transposon Tn5 (ACCESSION U00004 L19385, GI: 405822). For positive control 2 ~-tl of plasmid 

pSUP501l was taken and for negative control water was taken in place of template DNA. The reaction 

program was: 94 oc for 5 min and then 30 cycles each consisting of 30 sec at 94 °C, 30 sec at 52 °C, l 

min at 72 oc and finally at 72 oc for 7 min. 

5.2.1.3. Determination of growth curve, biofilm formation and Minimum Inhibitory 

tration (MIC) 

sensitive mutant strain. 

Growth curve of A. 

copper/nickel/ cadmium/ mercury/ BBlA and its metal 

88 lA and mutant was studied BH! broth (the medium which supported 

maximum growth and bionlm formation: see chapter 1 ). Briefly 1% of overnight grown culture 

was to nocu!ate in ml media incubated at \vith shaking (130 Optical densities 

the cultures were determined in 3 h interval using spectrophotometer (Varian, Agilant technologies, 

German at 600 nm. Biofilm formation by both strains was compared using the standardized tissue 

culture plate method (TCP method) as described in chapter l. MIC for copper or nickel or cadmium or 

zinc or mercury was studied by grmving BB lA cells (wild or mutant) in AB minimal medium (metal 

non-complexing medium) containing different concentrations of copper or nickel or cadmium or zinc or 

mercury metal salts; CuSOc+.5H20, NiCb.6l-hO. CdChJhO, ZnS04.?H20, and HgCb). Each 

experiment was repeated three times and MIC was determined as the lowest concentration of metal that 

completely inhibited growth after 48 h of incubation. 

5.2.1.4. Isolation of genomic DNA and amplification of sequences flanking a Tn5 insertion in the 

chromosome of mutant cell 

Isolation (?ftotal genomic DNA: Total cellular DNA preparation from mutant cells was made following 

modification of Marmur' s procedure (Marmur, 1961) as described by Yates and Holmes ( 1987). Cells 

were grown in LB medium at 30 oc up to late log phase. Cells were harvested from 200 ml of the 

culture by centrifuging at 10,000 rpm for l 0 min at 4 oc. The cell pellet was washed with distilled water 

and re-suspended in 2 ml of 0.! 5 M NaCI-0.! M EDTA (pH 8.0) and the concentrated solution was 
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frozen at -20°C for at least 4 h. The frozen cells were rapidly thawed at 55 oc and lysozyme (1.5 mg/ml) 

was added. The mixture was then incubated at 37 oc for 15 min followed by the addition of SDS to the 

final concentration of 1% (w/v). The mixture was incubated at 55 oc for 1 h. Proteinase K was then 

added (5 mg/ml) and the incubation was continued at 55 oc until the solution became clear. The cell 

lysate was extracted with 2 ml of phenol: chloroform mixture ( 1:1) and then with chloroform at 4 oc. 
Finally the aqueous phase was collected in a test tube placed in ice. 1110 volume of 3 M Na-acetate and 

double volume of chilled ethanol was then added. The DNA was spooled with a sterile bent glass rod. 

The DNA obtained was air dried and suspended in l X TE buffer ( l 0: I). For quantification of DNA a 

UV -vis spectrophotometer (Thermospectronic) was used, and absorbance at 260 and 280 nm. 

Inverse PCR (JPCR) strategy: The IPCR process used for amplification of flanking sequences of the 

!s adapted from Huang et (2000). To ampiify genomic DNA sequences flanking a Tn5 

in the chromosome of junii BB I A strain, circular substrates were generated by 

EcoRI-digested genomic DNA. Tn5 was contained intact within one such circular molecule, as 

transposon sequence is devoid sites for cleavage by EcoR!. Genomic DNA was digested with 

EcoRI U/~lg of DNA) at 37 oc for the minimum time necessary to achieve complete digestion (2 h). 

extraction and ethanol precipitation. the digested DNA was selfligated, at 

a concentration of 0.3±0.5 ~g/ml and in the presence of 3 ml DNA ligase (Promega) overnight at 

15 oc lmv DNA concentration favours intramolecular circularization. The ligation mixture was 

extracted by phenol: chloroform (1: L), precipitated with ethanol, and resuspended in sterile distilled 

H20. The total DNA of A. junii BB 1 A without enzyme digestion was used as a control template for 

IPCR. 

amplification: A single oligonucleotide 5' GTTAGGAGGTCACA TGG 3' [nucleotides 63 to 79 

(complementary) and 5740 to 5756 of Tn5; Gene Bank accession no. U00004 L 19385 (Berg, 1989; 

Mukhopadhyaya et al., 2000)] complementary to and extending outward from the ends of the inverted 

repeat of Tn5 was used to prime DNA synthesis in the polymerase chain reaction. The amplified 

product consisted of interrupted DNA sequences from A~junii BB 1 A, adjacent to both ends of the 

transposon insertion. PCR amplification was performed using 'PCR Amplification Kit' (GENET, India), 

in 50 f!l reaction volume. Each 50 fll PCR mix contained:-
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3 J..Ll of 10 mM dNTP mix, 

5 111 of 10 X buffer containing 15 mM MgCI2, 

12.5 pmol of primer (inverse primer single oligonucleotide), 

10 ng of template DNA and 

1 U Taq DNA polymerase 

Volume makeup with double distilled water 

Chapter 5 

Taq DNA polymerase was added after adding all the ingredients of the mixture. The PCR was done in a 

GenAmp PCR system (Applied Biosystems). The reaction program was:-

94 oc for 5min and then 

30 cycles each consisting 

fiJr 30 sec , and 

68 oc for 3 min 

at 68 for 7 min 

Purity of DNA was tested with the help of UV spectrophotometer by determining the 00 values at 260 

and 280 nm. 

Agarose gel electrophoresis: The amplicon was checked on 2% agarose. 

5.2.1.5. Cloning and sequencing of the PCR product 

Extraction of PCR product fi·om gel: PCR product from the gel was extracted by freeze-thaw method 

(Tautz and Renz, 1983). Agarose gel slice containing the DNA fragment (PCR product) was cut out and 

transferred into l.5ml tube. To this 50 111 of TE buffer was added and kept at -20 °C for 18 h. 

Centrifuged for 20m in. at 10000 rpm and the supernatant was collected in a fresh tube. To the gel pellet, 

another 50 Jll of TE buffer was added and freezing step was repeated, centrifuged. The supernatant was 

collected in 1.5 ml tube. The DNA from the pooled supernatant was precipitated with 2.5 volumes 

ethanol according to standard protocols (Sambrook et al., 1989). 

Ligation of PCR product: The gel purified PCR products \Vas cloned in pGEMCRIT-easy vector system II 

(Fig. 5.2) following company's protocol (Promega, USA). The vector (25 ng) and the insert DNA were 

taken in the molar ratio of 1:2 and were suspended in 4 !J.l sterile double distilled water. 5 111 of2 X rapid 

173 



Chapter 5 

ligation buffer and I 111 of T4 DNA ligase were added and thoroughly mixed by vortexing and 

centrifugation. The mixture was kept at 4 oc for at least 16 h, heated at 60 oc for J 0 min and 5-7 !ll was 

used to transform competent E. coli cells. 

; s:arl 
14 

Fig. 5.2: pGEMT-easy vector system and its cloning site. (From www.promega.com) 

Transformation of recombinant plasmids 

Preparation ol competent cells using CaC/2.· A single colony of E. coli JM109 from LB agar 

plate (freshly grovm for 16-20 hours at 37°C) was taken and transferred into 10 mi ofLB broth a 100 

m! flask. The culture was incubated for approximately 3 hours or more at 3 7°C with vigorous shaking to 

attain the viable cell number of l 08 cells/ ml. The rest of the procedure is same as discussed in section 

5.2.1.2. 

T!·am:formation: The procedure for transformation the recombinant plasmid into the host E. coli 

JMI09 was same as described for pSUP5011 in section 5.2.1.2. However the screening of successful 

clone was done by blue white screening on LB medium supplemented with X-gal and IPTG. 

Ident(ficatinn of bacterial colonies that contain recombinant plasmids: The transformed cells were 

plated on LB agar plate containing 50 11gl ml ampicillin. 0.5 mM isopropylthiogalactoside (IPTG) and 

80 !lgl f.ll X-gal (5-bromo-4-chloro-3-indoly!-p-galactopyranoside) were added to ampicillin containing 

LB plates prior to spreading of transformed E.coli JM109 cells. The plate was incubated at 37 oc 
overnight. It was possible to recognize colonies that carried putative recombinant plasmids by bluewhite 

screening of the colonies. Insertion of foreign DNA into the polycloning site of plasmid vectors leads to 

the incapability of complementation. Bacteria carrying recombinant plasmid vector therefore produce 
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white colonies. However, bacteria containing re-circularized vectors (without any insert) could utilize 

chromogenic substrate X-Gal and thus form blue colonies. Recombinant plasmid from successful 

bacterial clones was isolated by alkaline lysis method described in section 5.2.1.1 and further checked 

by EcoRI restriction digestion followed by agarose gel electrophoresis. 

DNA sequencing: The recombinant plasmid was directly used for sequencing of the inserts using 

primers for T7 and SP6 promoters. Nucleotide sequencing was performed with the ABI PRISM™ Dye 

Terminator Cycle Sequencing Ready Reaction Kits (Perkin-Elmer) using specific primer and the 

reaction was analyzed in an· AB 1 PRISM 377 DNA Sequencer'. 

5.2.1.6. Sequence Analysis 

Sllnl BLAST (blastn suite) and standard 

B \Vere et aL the NCBI (National 

for Biotechnology Information) website http://www.ncbi.nlm 
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5.2.2. Application of Bioinformatics 

5.2.2.1. Designing degenerate primer(s) for lux! homologues 

Retrieval of lux! homologous sequences: Nucleotide sequences of lux! gene homologues m gamma

proteobacteria were retrieved from NCBI gene data bank (Table 5.4). 

Table 5.4: List of gamma proteobacteria having lZLYi homologue sequences. 
·-----··· -· -------~ .. -~-----, I Gamma proteobacteria NCBI Gene lD I NCBI Gene m I 

Coding for Acyl- I Coding for 
! hornoserine lactone/ jt6s Ribosomal RNA II 

r--:----,-:----,---------------------+I_A_u_t_o_in_d_u_ce_r_s_:_y_n_t~h_a_s_e _J~------------------1 
/ Aeromonadal12s I Aeromonas salmonicida subsp. salmonicida I 4994878 1 4997900 1 

[ J A449 j_ h i I _J;~~;,;,;,, hfd,phila '"h'P hjdmphila A fcc'- j 4488532-------~1::~---------~ 

l P~'ieildo-;;~;;nad;fc:;-~ I Pseudomo1;as syringae pv. tomato DC3000 [JT85s35 _____________ [~?--=~-=~=J 
I

I I Pseudomonas aeruginosa PAO l I 881777 I 3240272 _j 
1.-lcinetobacter bawnanni ATCC17978 --· I 4918338 --------+- 5075456 . ) 

~uerohact~ric~f._;s I ;.,·dwardsiella tarda EIB 202 ---~ I 8608~--- 8609999. . ~~--~----j-~J 
I rr YersiniapestisC092 ~-=--=r\75290 ---- ----!m916 -~~~~-~~=~~=-
! 

-~ersi~Jia Fseudotuberculosis PB !!+ 1 6257755 6261415 
Erwirlia amvlovora CPBP\430 1 8912769 8913707 1 

I I Erwinia py;ijoliae Ep\/96 _ ·------ 18538907 ----- 8888002 -----~ 
t Erwinia tasmaneinsis Et l/99 . ___ 1 6298833 6299716 ~ 

Serratia protearnaculans 568 J 5602840 5603146 -~---_j,l 
Candida/us Hamiltonel/a defensa 5AT I 7950473 795!350 
(Acyrthosiphon pisurn) I ~ 

~:tobacterium atrosepticum SCR!\043 2884752 __ 2883438 --------i 
I Corotomrum PC! 

-:::;:;~::~::::~-:1::~~~~~=:=-~r:.~~-==== -8~;1-~1688 485 6~~~- . --==-=-
Dickeva zeae Ech 1591 8117052 

Pectobacterium carotovorum subsp. 8135146 8131134 ~ 

~----~--- ' - --1-: 
Vihricma/es Vibrio jisheri MJ 11 6808033 ·-- 6808213------------

Photobacterium projimdum SS9 3119949 3120506 

Acidithiobacillales Acidithiobacillusferrooxidans ATCC 53993 6877646 6876510 

Chromatiales Ha/othiobaci!lus neapolitanus c2 8534107 8535301 

~Multiple Sequence alignment: Sequences from the selected genera were aligned using ClustalW multiple 

alignment program in Sea View 4 (http://pbil.univlyon l.fr/software/Sea View). 

Designing degenerate primer: A phylogenetic tree of Acyl Homoserine lactone synthase gene sequences 

was prepared using distance method in Sea View 4 software. This was used as the guide tree to select 

genera of closely related sequences for designing usual primers or wherever necessary the degenerate 

primers. For degenerate primer. sequences of each cluster in the tree \\ere separately aligned with 

176 



Chapter 5 

ClustalW in SeaView 4. Most similar stretches of nucleotides having minimum 10 A+T+C+G in the 

multiple alignments were tentatively chosen to test the properties close to an ideal primer for PCR 

reaction (Fig. 5.3 a and b). 

TCDCCVSAMRTBTGGGA 

Fig. 5.3: a) Snapshot of Sea View window displaying ClustalW aligned lu:xl homologue sequences 

gamma proteobacteria with degenerate letters just below the aligned sequences, which can 

design degenerate primer (forward primer). 

3'-0CDMR!lCCRGGBGKNUC-5' 

J. 
3'-GCDMRACCRGGllGli.NUC-:i' 

-1-., Mismatch .Jiow.d 

Fig. 5.3: b) Snapshot of SeaView window displaying ClustalW aligned lu.,'C] homologue sequences 

(antisense) from gamma proteobacteria with degenerate letters just below the aligned sequences, which 

can be used to design degenerate primer (reverse primer). 

Fast PCR (http://www.biocenter.helsinki.fi/bi/programs/fastpcr.htm) was used to get the 

complementary sequence for making the reverse primer. The primers were basically analyzed for 

melting point, %GC, hairpin, self oornplementarities and primer dimer check using OligoCalc 

(www.basic.northwester.edu/biotools/oligocalc.html) and Oligo Analysis Tool 

(http://www.operon.com/technicalltooJkit.aspx). Attention was also paid to have 3GC clamps at 31 end 

for increasing the specificity of the primer. Using 100% consensus, degenerate sequences (letter 

codes were followed according to the recommendations ofNomenclature Committee of the International 

Union of Biochemistry and Molecular Biology) were constructed from the aligned sequence. 
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Insilico PCR Amplification: The designed degenerate primer pair was fed to the blank primer box 

followed by selection of bacterium (whose whole genome sequence is available in the database) in the 

interacting page of the online software, In silica PCR, for the output. 

Wet lab study 

Isolation of genomic DNA: As described in the section 5.2.1.4. 

PCR amplification of DNA using degenerate primer (Touch down PCR): PCR amplification was 

performed using PCR Amplification Kit (GENE!, India), in 50 111 reaction volume, following 

instructions provided by the supplier. Each 50 111 PCR mix contained; 3 !JI of l OmM dNTP mix, 5 111 of 

lOX buffer containing I 5 mM MgCh, 12.5 pmol of each forward and reverse primer( degenerate 

primer), l 0 ng of template DNA and 1 U Taq DNA Polymerase. Taq DNA polymerase was added after 

all ingredients of mixture. The was done in a GenAmp PCR system (Applied 

B primer was degenerate and has no single melting/ annealing temperatre, 

down PCR was performed. Touchdown PCR protocol consisted oftwo phases: 

Phase I: 

94 oc for 8 min, followed by 

30 cycles of 

Denaturation at 94 °C for I min, 

Annealing at variable temperatures for I min, and 

Extension at oc for I min 

In the first cycle, the annealing temperature was set to 60 oc and, at each of the 29 subsequent 

the annealing temperature was decreased by 0.5 oc (i.e., it varied from 60 to 45 oc at 0.5 oc decrements 

along the 30 cycles). 

Phase 2: 

10 cycles of 

94 oc for I min, 

45 oc for l min, and 

72 oc for 1 min 

Finally at 72 oc for 7 min 
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Agarose gel electrophoresis: The amplicon was checked on 2% agarose. 

Cloning, sequencing, and analysis of the PCRproduct (see section 5.2.1.5 and 5.2.1.6) 

5.2.2.2. Amplification of pgaC gene from A. junii BBlA 

Many species contains pgaC gene which encode glycosyltransferases. Literature shows that PgaC is a 

polysaccharide polymerase that uses UDP-G!cNAc as substrate (Wang et al., 2004) and the locus 

pgaABCD is critical for the formation of biofilm adhesin in E.coli (Wang et al., 2004) as well as in A. 

baumannii (Choi et al., 2009). For the PCR amplification of pgaC, primer was constructed from A. junii 

SH205 (nucleotide sequence 2185-3419, NCBI Accession no. ACPMOl000018.1), showing 78% 

similarity with the ·biofilm PGA synthesis N-glycosyltransferase Pgac· of baumanii (NCBI gene ID: 

7060465). The primer pair (Forward 5'-GAACGCCAAGACCCACCTTA-3' and Reverse 5'

TACCCGCTTGCAATCCCATT-3') was designed using NCBI Primer BLAST program. Genomic 

from junii BB 1 A vvas isolated by the procedure described in section 5 PCR amplification 

was performed using 'PCR Amplification Kit' (GENEI, India), in 50 111 reaction volume. Each 50 11! 

mix contained:-

3 j.ll of !0 mM dNTP mix, 

5 j.ll of l 0 X butTer containing 15 mM MgCb, 

12.5 pmol of primer (inverse primer single oligonucleotide), 

10 ng of template DNA and 

1 U Taq DNA polymerase 

Volume makeup with double distilled water 

Taq DNA polymerase was added after adding all the ingredients ofthe mixture. The PCR was done in a 

GenAmp PCR system (Applied Biosystems). The reaction program was:-

94 oc for 5min and then 

30 cycles each consisting of 

94 oc for 30 sec, 

55 oc for 30 sec, and 

72 oc for 1 min 30 sec 

Finally at 72 oc for 7 min 
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Agarose gel electrophoresis: The amplicon was checked on 2% agarose. The procedure was similar to 

that described in section 5.2.1.1. 

5.2.2.3. Structural and functional prediction of putatively homologous Pga proteins in A. junii 

As the Pga proteins (PgaA, PgaB, PgaC, and PgaD) from diverse bacterial genera have been studied 

with respect to their role in the biofilm formation and reguiation, it became necessary to look for the 

ptesence of similar proteins or genes in A. junii. Moreover one important molecule, N-acetyl

glucosamine probably encoded by the pgaC gene, has also been detected in the test strain BB lA (see 

chapter 2, section 2.3. 16). This further supports the study of the genes or proteins responsible for the 

biosynthesis of N-acetyl-glucosamine. Since the present test strain BB I A has not been sequenced, the 

whole shotgun is available on database, was used as the 

model strain A.junii. 

Primm}' sequence ana~vsis: Recently published A. junii SI-!205 genome on NCBI database was 

gene lar to pga of baumannii (accession no. ACV90433.1, 

ACV90434. l, ACV90435.!, and ACV90436.l ). ProtParam (Gasteiger et 2005) and SAPS (Brendel 

ct al., 1992) \Vas used for the primary sequence analysis. ProtParam estimates various physicochemical 

properties of protein like molecular weight, theoretical pi, and grand average of hydropathicity 

(GRAVY). SAPS (statistical analysis of protein sequences) evaluate a number of protein features like 

charge-clusters. hydrophobic regions, compositional domains etc. 

Similari(V search: For similarity searches, standard nucleotide BLAST (blastn suite) and standard 

protein BLAST (blastp suite) programs were used (Altschul et a!., 1997) from the NCBI (National 

Center for Biotechnology Information) website http://www.ncbi.nlm.nih. 

Sub-cellular localization: The Sub-cellular localization of proteins were predicted using ProtCompB 

(http://www.softberry.com), CELLO v.2.5 (Yu et al., 2004), and PSLpred hybrid module (Bhasin et al., 

2005). ProtCompB uses combination of several methods such as linear discriminant function-based 

predictions, direct comparison with homologous proteins of known localization, prediction of functional 

peptide sequences etc., to identify the sub-cellular localization of bacterial proteins. CELLO v.2.5 is a 

subcellular localization prediction server (http://cello.life.nctu.edu.tw/) that identifies subcellular 

location of either DNA or protein sequences of gram negative, gram positive bacteria, or eukaryotes. 
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PSLpred is an SVM (support vector machine) based method to predict subcellular localization 

(cytoplasm, outer membrane, peri plasm, inner membrane and extracellular) of prokaryotic protein (from 

gram negative bacteria). 

Signal peptide prediction: Proteins that are mean! for secretory pathways are usually synthesized with 

signal sequences (a short peptide present at the N-terminal), termed signal peptides (Blobel and 

Dobberstein, 1975), which direct the protein to a specific transporter complex in the membrane. The 

signal sequence is subsequently recognized and cleaved by signal peptidase during the export event. 

Signal peptide prediction \Vas done using ProtCompB, SMART (Simple Modular Architecture Research 

Tool) (Letunic et al., 2012) and iPSORT (Bannai et al., 2002). iPSORT server (http://ipsort.hgc.jp/) 

predicts the signal peptides by applying the stored ruies for various sequence features of known protein 

sorting signals. 

Topology prediction: The Topology of proteins was predicted using TOPCONS server 

(http://topcons.net/). which combines an arbitrary number of topology predictions [OCTOPUS (Viklund 

and Elofsson, 2008), MEMSA T3 (Jones, 2007), SCAMPI (Bernsel et aL, 2008), HMMTOP (Tusnady 

Simon, 200 l) and PRO- and PRODfV-TMHMM (Viklund and Elofsson. 2004)] into one consensus 

prediction and quantifies the reliability of the prediction based on the level of agreement between the 

underlying methods, both on the protein level and on the level of individual transmembrane regions. 

Domains/patterns/mot(fs prediction: SMART (Simple Modular Architecture Research Tool) (Letunic et 

aL 2012) was used to recognize the presence of any domains in the proteins. PPSearch 

(http://yvww.ebi.ac.uk/Tools/ppsearch/), which uses PROSITE (Hulo et aL, 2006) pattern database, was 

used to predict the protein motifs and functionally relevant patterns in the protein. 

Protein protein interaction studies: ln order to build a model showing the functional and physical 

interactions between the proteins, an online availabe program 'STRING' version 9.0 was used. STRING 

is a database of experimentally known and predicted protein-protein interactions. The interactions 

include direct (physical) and indirect (functional) associations. They are derived from four sources: (I) 

genomic context; (2) high-throughput experiments; (3) co-expression (conserved) and ( 4) known 

knowledge (Szklarczyk et al., 2011 ). This helps to determine the functional and physical interaction of 

the proteins involved herewith and also reveals the neighborhood display i.e., genes in the immediate 

neighborhood on the genome (within 300 bp on the same strand). As it has been known that groups of 

genes required tor the same function have a propensity to show similar species coverage, are often 
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located in close proximity on the genome (in prokaryotes), and tend to be involved in gene-fusion 

events. 

Generation of 3D structure of glycosyl transferase through homology modeling: Glycosyl transferase 

from A. junii SH205 showing significant similarity with the 'biofilm PGA synthesis N

glycosyltransferase PgaC' of A. baumannii was used for the homology modeling. Glycosyltransferases 

are the key enzymes that synthesize oligosaccharides, polysaccharides, and glycoconjugates by 

transferring the sugar moiety from an activated nucleotide-sugar donor to an acceptor molecule, which 

may be a growing oligosaccharide, a lipid, or a protein. HHpred (Homology detection & structure 

prediction by HMM-HMM comparison) (Soding et al., 2005) server 

(http://toolkit.tuebingen.mpg.de/hhpred) was used to find suitable template for building 3D modeL It 

searches through the PDB database of proteins with solved 3D structure (Soding et al., 2005). The 

output of HHpred and HHsearch is a ranked list of database matches (including E.-values and 

probabilities for a true relationship) and the pairwise query-database sequence alignments. The PDB 

was then used as a template in Swiss-Model (http://swissmodel.expasy.org/) (Sch\vede et a!., 2003) to 

model structure for the protein of interest. Structure visualization was done Swiss- PDB 

Viewer. Structure validation was carried out by using the program ProQ - Protein quality prediction 

server (http://www.sbc.su.se/~bjomw/ProQ/ProQ.html) (Wallner and Elofsson, 2003). The 3-D structure 

of PgaC homologue protein from 

baumannii. 

junii SH205 was also compared with those of E.coli and 

Molecular docking: Molecular docking is a bioinformatics tool which uses the topographical features of 

protein and ligand and fits the two molecules in favorable configuration. The tool is primarily used for 

modeling protein-ligand interactions and has been used to study the structural basis of biological 

functions. The docking of glycosyl transferase (homologous to PgaC protein), from A. junii SH205, was 

performed against the ligand; UDP-GicNAc (UDP-N-acetylglucosamine). The Graphical User Interface 

program 'AutoDock 4' (Morris et al., 1998), freely available for download at 

http://autodock.scripps.edu/downloads/, was used to prepare, run, and analyze the docking simulations. 

The ligand was drawn in ChemDraw Ultra 8.0 (ChemOffice package) assigned with proper 2D 

orientation. Energy of the molecules was minimized using UFF calculation in ArgusLab. The necessary 

hydrogen atoms, Kollman charges, and solvation parameters were then added to the modeled protein 

structure using the Autodock Tool. The energy minimized model was then read as input in the 

AutoDock, in order to carry out the docking simulation. Gasteiger charge was assigned and then non

polar hydrogens were merged. As the catalytic and binding site of the protein is not reported in the 
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literature, a grid box was created using the Autogrid program that covers the entire protein site and 

accommodates the ligand to move freely. The grid box size was set at 90, 90, and 90 A for x, y and z 

respectively, and the grid center was set to 30.59, 15.822 and 3.497 A for x, y and z respectively. Phe-

215 (residues) was chosen for flexible docking given the minimum binding energy in comparison to 

other residues present in core of the protein. The Lamarckian Genetic Algorithm (LGA) was chosen to 

search for the best conformers. During the docking process, a maximum of 10 conformers was 

considered. Based on the free energy bonding data, out of 10-model result, one best model was picked 

up to analyze its interactions. The residues within 3A of the ligand in complex structure were 

determined by using ArgusLab. The Ligplot of the interaction between UDP-GlcNAc and the proteins 

was generated by the PDBsum. This ligand-protein interaction, derived from junii, was also compared 

with that of E. coli and A. baumannii. 

5.2.2.4. Phylogenetic distribution of Pga homologues. 

Protein databases such as UniProt 

(http://www.sanger.ac.uk/Sofware/Pfam/) and major sequence repositories such as National Center for 

Biotechnology Information (http://v,rw\v.ncbi.nlm.nih.gov/), Ensembl (http://www.ensembl.org) and 

(http .genome.ad.jp/kegg/) provide direct access to many known, full-length pga gene 

sequences. Additional sequences 1tvere retrieved using bioinformatic search tools such as BLAST. The 

PgaA, PgaB, PgaC, and PgaD protein sequences spanning all major bacterial genera were assembled 

a multiple sequence alignment using the ClustalW utility in Molecular Evolutionary Genetics 

Analysis (MEGA) software version 4.0.(Tamura et al., 2007). Phylogenetic tree construction was 

performed by MEGA4 neighbor-joining analysis of maximum likelihood distances for 500 bootstrap 

replicates. 
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5.3. Results 

5.3.1. Transposon mutagenesis 

Plasmid DNA (bearing Tn5 transposon having kanamycin resistane gene) was transformed into BB 1 A 

strain by CaCh transformation method. Kanamycin resistant transformants were isolated on AB media 

supplemented with 50 !J.gl ml Kanamycin (master plate). A single metal sensitive mutant (designated as 

BB 1A:Tn5), failed to grow in presence of 1.5 mM NiCh, was isolated from master plate, by replica 

plate technique. Presence of Tn5 in the chromosomal DNA of BB1A:Tn5 was confirmed by 

generation of a L6kb PCR product. Similar PCR product was obtained using plasmid pSUP50ll as 

positive control. No such product V.'as found using genomic DNA wild type BB !A or water as 

negative control. 

Characterization o{metal S'ensitive mutant 

to mutant LA AB 

was found to be or 1 mM CdCl2 or or mMZnCb 

(Table Comparison growth curves BB Lt\ and its mutant BB 1 A:Tn5 in BHl medium enabled 

to identify 5 Significant increase 

OD60o recorded for wild type was 0.6 while it recorded 0.7 

yield was noted mutant. maximum 

case of mutant BB1A:Tn5. When biofilm 

formation in BHI grown cells was measured 

mutant strain (Fig 5.5). 

TCP method, no biofilm formation was detected in the 

Table 5.5: C~ompari~on ofwild type BBlA and its transposon mutant BB1A:Tn5 
MIC 

Cu2+ 

Ni2+ 

Cd2 -+ 

zn2+ 

Hg2+ 

BBlA 

4.0mM 

4.0mM 

0.5mM 

3.0mM 

0.010 mM 

BB1A:Tn5 
-------------
2.0mM 

2.5mM 

0.01 mM 

0.5mM 

0.001 mM 
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BBlft. 

• BBl.A:TnS 

Fig. 5.4: Characteristic growth curves of wild Fig. 5.5 : Quantification of biofilm 

type BBlA and its transpon mutant BBlAandmutantBBl 

BB 1A:Tn5 in BHI medium. 

flanking 

mutant cell 

in BHI medium. 

insertion in the chromosome 

fnverse PCR was done to amplify the DNA sequences flanked at the ends oftransposon. A single 550 bp 

amplicon (Fig 5.7) was generated 

·W1 :100bp DNA ladder 

•W2: PCR amplified fragmen!ecl 

(generated by inverse PCR of 

Tn5 mutant of BB1A) 

the single primer ' GTTAGGAGGTCACA 3 

Fig.5.7: PCR amplified product obtained by Inverse PCR. 

The PCR product was purified and cloned in pGEM T-easy vector prior to sequencing.The recombinant 

plasm ids (pGEM T -easy vector carrying the insert) were transformed into the competent cells of E. coli 

JM 109 and the clones containing recombinant plasm ids were detected using blue-white screening 

method in X-gal containing plates. White colonies are picked up, plasmid isolated and digested with 

E.coRJ to contirm the presences of insert. Sequencing of the insert by T7 primer revealed the following 
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sequence (Fig 5.6). The sequence obtained was cut at the E.coRI restriction site and is inverted and 

joined (Fig.5.7). The actual sequence is thus the invert of sequence generated by Inverse PCR. Similarity 

search by standard nucleotide BLAST revealed no significant result. 

rCinA'aCiA:o6"TcA'cA.cA.T2io:rc';CiA:foafc::\ToA'Ao'AGC'A'A'A.cA.ocA.~o:r:rA"A:AA'oA:A:(}
0

A::r:r:i:roCi'TA:Tc'TcA.ocA'AA.Ciccf····· 
% 

F A TTGCCATGTTT AAGTAAGTGGTTCATCCCCTTTTTGCCTCGGCTATGAAGGGGATAGCCAACAATGACCCCACGACTCAT 

~ CTCAATTATCTCGCCATGACCTGGCTAAGTCCCAGTCCGATCTCTTGCCGTCCCGTTCACACCTGAA TGACTTCTCCTGAAC 
~ 
! TT AAGTCTCAGACCT ATTTGGCCGGT AATCCCTCTCGAATCTTGCTCTTTTTGCGCCCCGCCTTCCA TCAACCTGT AACAGA 
~i ---

CCCAGCCATTTTCTGCGTAATTGTGATCTGAGTTGT AAAACGCAGATCATTATCTGTGTTTLA.CAGATTTAATGTTGACCTC 

AAAAATCATGTGGGTAAGTATGATGGCCATCTAAGCAAAACTAAACACAGAGGATGACGCAATGAAAGCACTGGCTCGGT 

TTGGCAAGGCCTTTGGCGGCTACAAGATGATTGATGTCCCACAACCCATGTGTGACCTCCTAAC 

Fig. 5.6: The 551 bp amplicon (generated by inverse PCR) sequences. Underline portion is the EcoRl 

restriction site. 

Qcrcrcccr AA 1~ao'cc·aa:rit::\·i~cc:·AciA'C:1~c:roAA rTcAAorccrcrrcAGTAAGTccAcAcTTocc:c:race:o:ric'fcfrae:· } 
CTGACCCTGAATCGGTCCAGTACCGC1CTATTAACTCfACTCAGCACCCCAGTAACAACCGATAGGGGAAGTATCGGCTCC 

GTl·n-rCCCCTACTTGGTGAA TGA.".TTTGTACCGTTA 1'CCGAAACGACTC1'A·I GGTTTT AGAAGAAAA TTGA.CGACAAACG 

AC3AAGTACTGGTAG!\CTGGTACCCA/\CACCCrGTAGTTAUl'AGAACATCGGCGGTTTCCGGAACGGT1TGGCTCGGTCACG 

AAAGTAACGCAGTAGGAGACACA"\ATCAAAACGAA TCTACCGGTAGTATGAATGGGTGTACT AAAAACTCCAGTTGT AAT 

· TTAG ACATTTTGTGTCTATTACT /\ GACGC,\AAATGTTGA GTCTA GTGTTAA TGCGTCTT'I'TACCGACCCACJAC AA TGTCCAA 

- --
Fig 5. 7: Sequences from figure 5.8 has been cut at the EcoRI restriction site and rejoined in inverted 

position. 

5.3.2. Degenerate primer designing 

5.3.2.1. Degenerate primersfor lux! homologue genes in y-proteobacteria 

Phylogenetic analysis of the retrieved lux! homologue sequences from gamma proteobacteria has 

revealed two distinct clusters (Fig. 5.8a) which also correlates with the phylogenetic tree drawn from 

their 16S rRNA gene sequences (Fig. 5.8b). Two degenerate primer pairs were designed using SeaView 

4 and were designated as Deg1F/Deg2R and Deg3F/Deg4R and their properties are shown in Table 5.6. 

Using the in silico PCR tool (allowing one nucleotide mismatch but in one nucleotide at 3'end) it 

was found that the degenerate primer pair, DeglF/Deg2R was capable of amplifying lux! homologue 

sequences from Acinetobacter baumanii, Pseudomonas aeruginosa, Halothiobacillus neapolitanus, and 

Acidithiobacillus ferrooxidans (Table 5.7a) and Deg3F/Deg4R enabled to amplify lux! homologue 

sequences from several bacterial species of the genera Er1vinia, Yersinia. Serratia, Pectobacterium, 

E(livardsiella and Dickeya (Table 5.7b). 
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BioNJ 335 sites K2P 100 repl. 

100 

rill-! 
Erwinia an-wlovora CF'BP 1430 (8912769) 

100 

I 

Erwiniapyrifoliae Ep1196(8538907) 

.------Pseudomonas aeruginosa PA01 (8 81777). I c 
Aromonas f'lydrophila subsp hydrophila ATCC 7966 L 
(#88532) u 

Aeromonas salmonicida sub:sp. salmonicida A449 s 
(4994878} T 

~ Acinetobacter baumanni ATCCJ 7978(49 1 8338) • E 

- ~-----Acidithiobacillusferrooxidrms ATCC 53993(6877646. 

91 ~· ----Halothiobacillu.s neapolitanu:s c2(3534107). J 
I r-------------Photobacterium prqfi.m.dum SS9 (3119949) 

L l 1 Vibrio jisheri MJJ 1 (6808033) 

o r----------Pseudomo;ws syringaepv. tomato DC3000(118553.5) 
7c. 

_ ~ ~-----S'odahs glossrmdws str 'morsitans'(3868591) 
70 jj 100 ____ {ersiniapestis C092 (1 1 75290) 0 

91 llersimapseudotuberculosis PBJ/+(6257755) 0 

--- Candidatus Hamlitcmella d~fensa SAT (7950473) 

'----·-Serratiaproteamaculans 568 (5602840) 0 

c 
L 
u 

.-------Erwinia ta:;maneinsi:s Et 1/99 (6298833) 0 T 
E 

.------ Pectobacterium wasabiae WP P 1 63 (3 53 2 8 7 2) 0 R 

I Pectobacteriwn t~trosepticum SC Rll 043 (2 8 8 47 52) 0 II 

1oo1_ Pectobacteriu.m carotovomm subsp. CarotoJ?orwn PC 1 0 I 
(8135146} . 

~~-----Dickeyazeae Eel< 1591 (81i7052) 0 j 

# Edwardsle!Ja tarr:ia EIB 202(8608939) C) J 

Chapter 5 

Fig. 5.8: a) Phylogenetic tree of lux] homologue sequences from gamma proteobacteria. Dendogram 

generated in Sea View version 4 using distance method and BioNJ algorithm (Gascuel 1997). NCBI gene 

IDs are given in parenthesis. Nucleotide-level distances are observed divergence with Kimura's two-· 

parameter. Bootstrapped to I 00 replicates. ( •) lux] homologue sequences amplified with degenerate 

primer pair Deg I F/Deg2R, ( o) lux! homologue sequences amplified with degenerate primer pair 

Deg3F/Deg4R. 
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BioNJ 1424 sites K2P 100 repl. ~ 
.-----Pseudomonas syringaepv. tomato DC3000 

F-"'-----1 (1 182616) 
'--------Pseudomonas aeruginosa PAOl (3240272) • 

-, 
c 
L 
u 

'------------Acinetobacter baumanni ATCC 17978 (5075456) • T 
E 

Halothiobacillu.s neapolitanus c2 (8535301). • R 

'--------------AcidithiobacillusferrooxidamATCC 53993 (68765!0) I 
_J roo 

100 
Aeromnnas salmonicida ;;ubsp. salmonicidaA449 (4997900) 

.4romonas hydrophila st<b::p .~ydrophilaATCC 7966 (4490326) 

.------.Pectobacteril<m wasabi ae WlPP I 63 (8 528550} 

'------ Vibriofisheri MJll (6808213} 

99 
.----------Candidatw; Hamiltonella defema 5AT (7951 350) 

L I 100 rYersiniape:stisC092 (1173916)0 

1 nn ~ ! lYersiniapseudotuberculo.sis PEl/+ (6261415) 0 

••• ~-- .1' i:Serrahaproteamac<<lans 568 (5603146) 0 

~ Erwmiapynjbllae EpJ/96 (8888002) 

I 100 Erwmw an~Flov·ora CFBP1430 (8913707) 

kj 
Erwinia tasmaneinsis Et 1/99 (6299716} 0 

-Pectobacterium carotovo:rum subsp. Carotovon<m PC 1 0 
(8131134) 

-DickeyazeaeEch 1591 (8118861) 0 

--Pectobacterium wasabiae W?Pl63(8523550) 0 

Pectobacterium ai:rosepticl.<m SCRJJ 043 (2883438) 0 

'------Edward:siella tarda EIB 202 (8609999) 0 

Fig. 5.8: b) Phylogenetic tree of l6S ribosomal RNA sequences from 

Den do gram generated in Sea View version 4 using distance method and 

997) NCBl gene IDs are given parenthesis. are 

-I 
c 
L 
u 
T 
E 
R 

Kimura's two-parameter. Bootstrapped to 100 replicates. (•) lux! homologue sequences amplified 

degenerate primer pair Deg 1 F/Deg2R, ( o) lux! homologue sequences amplified with degenerate primer 

pair Deg3F/Deg4R. 
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Table 5.6: Properties of designed degenerate primers. 

Degenerate primers Length degeneracy TMin"C %GC 
5' to 3' Oligoanalysis tool" Oligocalc toolb 
Deg1 F-TCDCCVSAMRTBTGGGA 17 216 58.8 42-54 (8),47-60 (SA) 58.8 

Deg2R-CAKNKGBGGRCCARMDCG 18 1152 64.4 46-64(8), 51-70 (SA) 64.4 

DegJF -AARGA YMGDCTNCAHTGG 18 288 56.8 41-55 (B), 47-61 (SA) 56.8 

Deg4R-AA YHYBCCADCCDGADC 17 972 57.1 40-57 (B), 45-62 (SA) 57.1 

--~~----------

a=freely available at http:/ /www.operon.com/technical/toolkit.aspx, 

b=freely available at http:/ /www.basic.northwestern.edu/biotools/oligocalc.html, 

(8) Basic, (SA)= Salt Adjusted 

Table 5.7: a) In silica PCR amplification result using degenerate primer pair Degl F/Deg2R. 
~-------~----

Organism 

Ac:inetobacter baumannii 
A cidith i abaci I !us ferrooxida ns 
Halothiobacil!us neapo!itanus c2 

Pse11domonas aeruginosa 

Amp! icon 

238 bp, single band 
225 bp, single band 
228 bp, single band 

213 bp, single band 

Sequence Name 

Homoserine lactone synthase 
Autoindducer synthesis protein 
Acy!-homoserine-lactone synthase 

Autoinducer synthesis protein Las! 

Table 5.7: b) In silico PCR amplification result using degenerate primer pair Deg3F/ Deg4R. 

Organism 

Pectohacterium atroseplicwn SCR! I 043 
Erwinia tasmaniensis 
Pectohacterium carolonJrum suhsp. carotovorwn 
PC! 
Pectobacterium wasabiae WPP !63 
Edwardsiella tarda 
Edward>'ie!la ictal uri 
Dickeya zeae 
Dickeya dadanti 
Serratia preteamaculans 568 
Yersinia pestis 
Yersinia entercolitica 
Yersinia pseudotuberculosis 

Amplicon 

390 bp Single band 
390 bp Single band 
390 bp Single band 

390 bp Single band 
393 bp Single band 
393 bp Single band 
390 bp Single band 
390 bp Single band 
390 bp Single band 
390 bp Single band 
390 bp Single band 
390 bp Single band 

Sequence Name 

Acylhomoserine lactone synthase 
Acylhomoserine lactone synthase 
Acyl-homoserine-lactone synthase 

Acyl-homoserine-lactone synthase 
AHL synthase 
Autoinducer synthase putative 
Acylhomoserine lactone synthase 
Acylhomoserine lactone synthase 
Autoinducer synthesis protein 
N-acylhomoserine lactone synthase 
N-acylhomoserine lactone synthase 
N-acylhomoserine lactone synthase 
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5.3.2.2. Wet lab study 

PCR amplification ofBBlA genome with the degenerate primer pair (DeglF and Deg2R) resulted in a 

single amplicon (Fig 5.9a). Sequencing ofthe amplicon generated a 223 bp of nucleotide sequence (Fig. 

5.9b). 

5'
CAGATGAGGGCCAGCACGTGAAGAGTTAAAAGCGTTTATTTTAAAATTAAA 
AAAATATGTACACGGCTAAACGTTTTTTGAGCTGCAATCTAGTCGATTTTCG 
CTAGGATTGCAGCTGTTTTGTTTTTTGGGTATCAATATCCTACTTTATCATTA 
TTGTCAGCTTTTTTATGGTTAGTGTGCTTGTTGATTATGGGATGGGCGCGCT 
GGCCCTCT ACTGA- 3' 

Fig. 5.9: Nucleotide sequence (223bp) obtained from the amplicon generated 
(Deg IF and Deg2R) 

degenerate 

Table 5.8: Standard protein BLAST (blastn suite) of the amplicon showing similarity with the genus 
Acinetobacter. 

~P002080.1 Acinetobacter sp. DRL complete genome 
CP002177.1 Acinetobacter calcoaceticus PHEA2. 60.8 339 75% 100% 

complete genome 
CP002522.1 Acinetobacter baumannii TCDC-AB0715, complete genome 31.9 124 36% 2.5 100% 

CP00192l.l Acinetobacter baumannii 1656-2, complete genome 31.9 124 36% 2.5 100% 

CPOO!l72.1 Acinetobacter baumannii AB307-0294, complete genome 31.9 92.2 32% 2.5 100% 

~POOll82.1 Acinetobacter baumannii AB0057, 31.2 124 33% 2.5 100% 
· complete genome 

CP000863.1 Acinetobacter baumannii ACIClJ,complete genome 31.9 124 36% 2.5 100% 

ClJ468230.2 Acinetobacter baumannii str. SDF, complete genome 31.9 !52 34% 2.5 100% 

CU459141.1 Acinetobacter baumannii str. AYE, complete genome 31.9 92.2 32% 2.5 100% 

CP000521.l Acinetobacter baumannii ATCC 17978, complete genome 31.9 216 34% 2.5 100% 

CR543861.1 Acinetobacter sp. ADP1 complete genome 30.1 90.4 27% 8.7 100% 

AB006902.2 Acinetobacter sp. NCJMB9871 cyclohexanol metabolic 30.1 30.1 9% 8.7 90% 
gene cluster (chnB, chnE, chnR, orf3, chnA, orf5, 
chnD, chnC). complete cds 

AF282240.1 Acinetobacter sp. SE 19 ChnZ ( chnZ), pi lin inverting 30.1 30.1 9% 8.7 90% 
protein ( chn Y), ChnX ( chnX) genes, complete cds 
and cyclohexanol oxidation gene cluster. complete 
sequence 
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57 atgtacacggctaaacgtatttttgagctgcaatctagtcgattt 
M Y T A K R I F E L Q S S R F 

102 tcgctaggattgcagctgttttgttttttgggtatcaatatccta 
S L G L Q L F C F L G I N I L 

147 ctttatcaattattgtcagcttttttatggttagtgtgcttgttg 
L Y Q L L S A F L W L V C L L 

192 attatgggatgggcgcgctggccctctactga 223 
I M G W A R W P S T 
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Fig. 5.10: ORF obtained from the amplicon generated by Luxl degenerate primer. 55 amino acids long 

rlerived +3 frame. (MYTAKRIFELQSSRFSLGLQLFCFLGINILL YQLLSAFL WL 

TLLIMGWARWPST) 

Tr,ble 5.9: BLAST (protein-protein BLAST) analysis showing similarity of the amino acid sequences 

derived from the amplicon generated by Luxi degenerate primer, with that of other bacteria. 

$~411~!-t~es 'PrQdU¢ihgsignific~~t aljg1;1J}l¢nts: · 
~--> '¥"'\Y ~~ ; ">Y<v,>:~. ;::'-?>~>,',·<""·"A",.,,~;. 

':_F 

De$criptipn 
Query E 

-."'\, 

cove••age value 

ZP 06066767.1 predicted protein (Acinetobacter junii SH205] lQl 101 93% 3e-26 94% 

ZP 03824368.1 
conserved hypothetical protein [Acinetobactcr sp. ATCC 

43.5 
27244] 

43.5 86~;, 2e-04 48% 

7P~Q6778906. I 
conserved hypothetical protein [ Acinetobacter 

'U~~. haemolyticus ATCC 19194] 
43.5 86% 2c-04 48% 

ZP 06057979.1 
conserved hypothetical protein {Acinetobacter 

40.4 
calcoacdicus RUH2202] 

40.4 70% 0.002 51% 

YP 00:1926779~ unnamed protein product [Acinetobacter calcoaceticus 
38.1 38.1 

J PHEA-2] 
70% 0.018 

ZP 066931~:U conserved hypothetical protein lAcinetobaeter sp. SH024] 37.7 37.7 70% 0.020 

ZP 04662514.1 
hypothetical protein AbauAB _12918 [ Acinetobacter 

32.7 
baumannii AB900] 

32.7 6:1% 2.2 46% 

ZP 07238617.1 
hypothetical protein AbauAB05 _17406 [ Acinetobacter 

32.0 32.0 
baumannii AB058] 

63% 2.2 46% 

YP 001712417. hypothetical protein ABA YE0438 [Acinetobacter 
32.3 32.3 

l baumannii AYE] 
63% 2.3 46% 

ZP 05829274.1 
conserved hypothetical protein [ Acinetobacter baumannii 

32.0 32.0 
ATCC 19606] 

63% 3.8 43% 

ABS90303.2 
hypothetical protein A 1 S _3878 [Acinetobacter baurnanni i 

32.0 32.0 
ATCC 17978] 

63% 3.8 43% 

hypothetical protein ACICU_03248 [Acinetobacter 
yp 001847907. baumannii ACICU] 

31.6 
l >gbJACC58560.11 putative membrane protein 

31.6 63% 4.4 43'1(, 

[Acinetobacter baumannii ACICU] 

EGT~2!L49.l 
hypothetical protein ABNIH 1_17768 [Acinctobacter 

31.6 31.6 
baumannii Al3NIHI] 

4.6 43% 

yp 308601.1 cysE gene product fDehalococcoides sp. CBDBI] 32.:1 J2.3 5. 
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ZP 05824026.1 
conserved hypothetical protein (Acinetobacter sp. 
RUH2624] 

Chapter 5 

30.8 63% 9.4 43% 

0! h:,rpothetical protein U·.cinetobw::ler J'mii. BB 1 A 

Fig. 5.10: Neighbour-joining phylogenetic tree based on amplicon sequences showing systematics. 

(Hypothetical protein product is from the amplicon sequence generated with degenerate primer designed 

for the amplification of Lux! homologue from A. junii BB lA) 
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5.3.3. Amlification of pgaC from A. junii BBlA 

PCR amplification of BB lA genome with the primer pair (PgaC Forward and PgaC Reverse) resulted in 

a single amplicon (approximately 270 bp) (Fig. 5.11). The size of the amplicon was similar with that of 

In silica PCR amplification. 

5.11: Amplicon generated with pair (PgaC Forward and PgaC Reverse). 
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5.3.4. Structural and functional prediction of Pga proteins from A. junii 

BLAST (blastp suite) analysis at NCBI website, enabled the identification of four-gene locus in A. junii 

SH205 (the strain whose protein database is available), that shares similarity with various genetic loci 

encoding biofilm synthesis proteins in A. baumannii (Table 5.1 0). 

Table. 5.10: Percentage maximum identity between proteins from A. junii and A. baumanii. 

A. baunumii AB307-0294 

Biofilm PGA synthesis protein 
pgaA precursor 
(YP _ 002325205.1) 

0/o 
Identity 
41% 

-------,-~-----·----:::-.,---------~-

A. junii SH205 % A. baumanii 

Biofilm synthesis protein 
(ZP _ 06065218.1) 

Identity 
41% PgaA (ACV90433.l) 

Biofilm PGA synthesis 
lipoprotein PgaB 

81% Polysaccharide 
deacetylase 

36% 
----·----::--:------

PgaB(ACV90434.l) 

(YP _002326570. I) 

Biofilm PGA synthesis N·· 89 % 
glycosyltransferase PgaC 

_ (YP _002326569. J) ------------·-·· 

(ZP _06065265.1) 

Glycosyl transferase 
__ 06065266.1) 

Biofilm PGA synthesis protein 43 % Biofilm PGA synthesis 
pgaD protein pgaD 

52% PgaC (ACV90435.l) 

PgaD (ACV90436.l) 

_ (YP 002325208.1) _____________ (ZP 06065221.1) -~----------------·----------------
parenthesis: NCB! ref or accession number 

Primm:r sequence analysis: Primanry sequence analysis of the protein sequences (homologues to PgaA, 

PgaB, PgaC, and PgaD) from A. junii SH205 revealed the molecular weight, theoretical pi and 

(grand average of hydropathicity) index value. 

Biofilm synthesis protein (ZP _06065218.!) is 811 ac a 

weight of KDa (SAPS tool) and an isoclectric point (pi) 6.18 (ProtParam 

(grand average of hydropathicity) index value-0.639 shows that it is probably a soluble 

and Doolittle, 1982). 

Polysaccharide deacetylase protein (ZP _06065265.1) is made of 665 amino acids with a predicted 

molecular weight of 76 KDa (SAPS tool) and an isoelectric point (pi) of 6.12 (ProtParam tool ). The 

GRAVY index value -0.532 shows that it is probably a soluble protein (Kyte and Doolittle, 1982). 

Glycosy! transferase (ZP _ 06065266.1) is made of 418 amino acids with a predicted molecular weight of 

48.2 KDa (SAPS tool) and an isoelectric point (pi) of 8.57 (ProtParam tool). The GRAVY index value 

0.172 shows that it is probably a hydrophobic protein (Kyte and Doolittle, 1982). 
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B iofilm PGA synthesis protein pgaD (ZP _ 06065221.1) is made of 154 amino acids with a predicted 

molecular weight of 18.6 KDa (SAPS tool) and an isoelectric point (pi) of 4.95 (ProtParam tool ). The 

GRAVY index value 0.120 shows that it is probably a hydrophobic protein (Kyte and Doolittle, 1982). 

Localization predictions: The cellular localization of all four proteins from A. junii SH205 was 

predicted using varios tools and is shown in table 5.11. All the tools gave similar result for a given 

protein. The result indicated that all the four proteins were putative membrane protein. This prompted to 

study the presence of signal peptide and potential cleavage sites the protein (Table 5.12). 

Table. 5.11: Subcellular localization of proteins from A. junii 

Tools Protein sequence Pt·otein sequence Protein sequence P1·otein sequence 
ZP_06065218.1 ZP 06065265.1 ZP _06065266.1 ZP _ 06065221.1 (Biofilm 

(Biofilm synthesis (Polysaccharide (Giycosyl PGA synthesis protein 

protein from A. junii deacetylase protein transeferase fmm PgaD from A. junii 
SH205) from A. }unii A. junii SH205) SH205) 

SH205) 
ProtCompB membrane Inner 

(integral Prediction (Integral Prediction ( membrane bound 
of protein location: of protein location: Periplasmic) 
membrane bound Inner Membrane) 

-------~-~ 

Periplasmic) 
CELLO v.2.5 Outer membrane protein Periplasmic Inner membrane Inner membrane 

PSLp1·ed Outer membrane protein Periplasmic Inner membrane Inner membrane 

Table.5.12: Signal peptide and cleavage position prediction of proteins from A. 

Tools Protein sequence Protein sequence Protein sequence 

ZP_06065218.1 (Biotilm 

synthesis pt·otein from A. 
junii SH205) 

ZP 06065265.1 

(Polysaccharide 

deacetylasc protein 
from A. junii SH205) 

Protein sequence 
ZP 06065266.1 

(Giycosyl 

transeferase from 
A. junii SH205) 

ZP _ 06065221.1 (Biotilm 

PGA synthesis protein PgaD 

from A. junii SH205) 

~~~--------~ --,-------------
Signal peptide (Cleavage Signal peptide (Cleavage Signal peptide 

··~---·-···--·---:----c-: 

Signal peptide (Cleavage 

ProtCompB 
iPSORT 

SMART 

position) position) (Cleavage position) position) 
Present 1- 15 _...:.P~re~s-en~t-l--2~8------,.P-re-s-en_t...cl--2:'-:9:---~-----"P,-re~s-en-t.....,l--4-:-::7~(..,-4 7=-)--

Present 1-18 (no prediction) Present (no prediction) Present (no Absent 
prediction) 

Present 1-18 (18) Present 1-28 (28) Present 1-29 Absent 
In parenthesis: predicted cleavage site 

Topology predictions: The predicted topology of Pga homologue proteins from A. junii SH205 is shown 

in table 5.13. No transmembrane (TM) helix region was predicted in the biofilm synthesis protein 

(ZP _06065218.1) (table 5.13 a) from A. junii SH205. The consensus topology as predicted by 

TOPCONS revealed the presence of one TM helix regwn at position 6-26 in the polysaccharide 
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Table. 5.13 d): Predicted TM helix posttwns of Protein sequence ZP 06065221.1 (Biofilm PGA 
synthesis protein PgaD from A. junii SH205) 

Tools N-Terminal C- TMS I TMS 2 

terminal 

SCAMPI-seq IN IN 29-49 76-96 

SCAMPI-msa IN IN 27-47 74-94 

PRODIV IN IN 21-50 71-91 

PRO IN IN 28-48 69-89 

OCTOPUS IN IN 27-47 74-94 

TOPCONS IN IN 28-48 74-94 

(in-->out) ( out-->in) 

Domains/patterns/motif.-"i: The SMART result showed the presence of various structural domains or 

patterns or motifs in addition to the signal peptide prediction in the protein sequences studied. The 

sequence ZP _ 06065218.1 (Biofilm synthesis protein from A. junii SH205) was found to contain a coiled 

coil region (position: 364-389) and also predicted to contain a tetratricopeptide repeat (TPR) domain 

(position: 136-461) (dlfcha_, E-value: 2.00e-05) from the SCOP database. TPR repeats are also 

observed in the N-terminal domain PgaA from E.coli (Itoh et al., 2008), where they are known to 

form elongated superhelical structure with a spiraling groove that mediates protein-protein 

interactions. Conserved domain analysis on the NCBI website revealed the presence of putative 

conserved domain. Members of this protein family are known to be poly-beta-1, 6 N-acetyl-0-

glucosamine (PGA) export porin PgaA of gram negative bacteria which exports PGA across the outer 

membrane (Wang et al., 2004; Boehm et al., 2009). 

The sequence ZP _ 06065265.1 (Polysaccharide deacetylase protein from junii SH205) was 

found to contain a polysaccharide deacetylase domain (position: 96-261) (Polysacc_deac_l, E-value: 

2.20e-25) from the Pfam databse. Conserved domain search on NCB! website revealed that this domain 

is represented by po!y-beta-1 ,6-N-acetyl-0-glucosamine N-deacetylase (PgaB), encoded by Escherichia 

coli pgaB gene from the pgaABCD operon, which affects biofilm development by promoting abiotic 

surface binding and intercellular adhesion. 

The sequence ZP _ 06065266.1 (Giycosyl transeferase from A. junii SH205) was found to contain 

a Glycosyl transeferase domain (position: 56-223) (Glycos_trans(_2, E-value= 8.50e-26:) from the Pfam 

databsc and a Nucleotide-diphospho-sugar transferases (position:53-296) (d lqg8a_, E-value:S.OOe-28). 

Conserved domain analysis of the protein sequence revealed that it belongs to Glycosyltransferase 

fl1mily A (GT-A) which includes diverse families of glycosyl transferases with a common GT-A 
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structural fold. Conserved domain analysis also revealed the presence of residue 141-143 act as DxD 

motifs that, in all crystal structures are know to interact with the phosphate groups of nucleotide donor 

through the coordination of divalet cation, particularily Mn2
+ (Breton et al., 2006). Glycosyltransferases 

are enzymes that synthesize oligosaccharides, polysaccharides, and glycoconjugates by transferring the 

sugar moiety from an activated nucleotide-sugar donor to an acceptor molecule, which may be a 

growing oligosaccharide, a lipid, or a protein. Litrature shows that PgaC is a polysaccharide polymerase 

that uses UDP-GlcNAc as substrate (Wang et al., 2004). The sequence ZP _06065266.1 also found to 

contain. 

The sequence ZP_06065221.1 (Biofilm PGA synthesis protein PgaD from A. junii SH205) was 

found to contain S-adenosyl-L-methionine-dependent methyltransferases domain (position: 62-117) 

(dljqea_, E-value: 7.00e+OO) :from SCOP database 

01.11 

SCOPilomain 

Biofilm synthesis protein from A. junii 
SH205 (ZP 06065218.1) 

OUT 

Outer membrane 

Peripiasm 

.£~.·, ' 
membrane 

IN 
Signal peptide 53 
cleavage site 1, 

56 

Outer membrane 

iN 

Polysaccharide deacetylase protein 
from A. ·unit SH205 (ZP 06065265.1) 

OUT 

.9l:> ;o;. n3~~!~~~~ 
'toot~ IN 

Glycosyt transeferase from A. junii SH205 Biofilm PGA synthesis protein PgaD 
(ZP 06065266.1) from A. ·unii SH205 (ZP 06065221.1) 

Fig. 5.12: Diagrammatic representation of Pga homologous proteins from A. junii 
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Pattern search in the protein sequence using PPsearch against PROSITE database revealed various 

putative phosphorylation sites as shown in the table 5.14. Glycosyl transferase protein revealed only 

Casein Kinase II (position: 105, 132, 364) and Protein Kinase C (position: 238) phosphorylation site. 

While, PgaD showed only Casein Kinase fi (position: 6, 56, 146) phosphorylation site. 

Table. 5.14: Prosite patterns prediction using PPsearch tool. 

TJrosinc Kinase 

Protein Kinase 

Protein sequence 
ZP _ 06065218.1 (Biofilm 
synthesis protein from 
A. junii SH205) 

269.406. 
454.509,540,593.603. 
662.736.754 

Protein sequence 
ZP _ 06065265.1 
(Polysaccharide 
deacctylase protein 

A. junii SH205) 

J>rotein sequence 
ZP 06065266.1 
(Giycosyl 

I 
transcferase from A. 

junii SH205) 

105, !32, 364 

533, 238 

Protein sequence 
ZP _06065221.1 (Biofilm 
PGA synthesis protein 
PgaD from A. junii 

SH205) 

6, 56, 146 

Protein protein interaction studies: The physical and function interaction between the four proteins 

from junii that interactions closely matches with the Pga proteins baumarmii AYE 

(\vhose protin protein interaction is already present in the STRING database) (Fig. 5.13). Figure shows 

the probabilistic confidence score between the proteins.The score is derived by separately benchmarking 

groups of associations against the manually curated functional classification scheme of the KEGG 

database (Kanehisa et al., 20 I 0). The score represents a rough estimate of how likely a give association 

describes a function linkage between two proteins that is similar with the average pair of proteins 

annotated on the same 'map' or 'pathway' in KEGG (Szklarczyk et al., 2011). The neighbourhood 

display analysis (Fig. 5.14) shows the close association of the four genes in the immediate neighborhood 

on the genome (within 300 bp on the same strand) of A. baumannii AYE. 
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Predicted Functional Partners: 

.... .ABAYE2856 .. 
ABAYE2B54 

ABAYE2855 putative lipoprotein (haemin storage system) {HmsF) (671 aa) .! 

~ biofilm synthesis N-glycosyltransferase (PgaC-Iike) (415 aa} 

ABAYE2853 hypothetical protein (139 aa) 

pilin like competence factor (333 aa) 

w ABAYE2856 peptidyl-prolyl cis-trans isomerase (113 aa) 

ABAYE1392 hypothetical protein {278 aa) 

.. -

• -

• -
• -

Chapter 5 

i:ll 
h 
0 u m 

• • • 0.980 -
• • • 0.976 -

0.680 

• 0.454 -
0.448 

0.404 

Fig.13: Screenshot from the STRING website showing protein network and the interactions. 
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fly pathetical protein N-glyco~ltriJig'erase (Pgi·like) 

~~gaA pgaB \ pgaD peptidil-prolyl cis-trans isomerase 

l !'" Acinetobacter bau111anni i AVE 

f I.. Acinetobacter sp. AOP1 

\ \ \ I 
puta:ive l~oorotein fhaemin storage ~stem) (Hms~ 
I .-----N-giycosyltriJiierase 

~ ~ ~ flypotheticalprotein 

~ 

Fig. 5.14: Screenshot from the STRING website showing neighbourhood display ofthe genes encoding 

various proteins involved in the biosynthesis of poly-~-1, 6-linked N-acetylglucosamine. 

Homology modeling of g(ycosyl transferase: The HHpred and HHsearch in protein data bank for the 

target sequence (ZP _ 06065266.1; Glycosyl transeferase from A. junii SH205) gave a best hit score with 

template 3bcv _A (crystal structure of a putativ·e glycosyltransferase from Bacteroides frcLgilis) showing 

I 00% probability, E-value of 4E-32, 21 % identies with atomic resolution of its X-ray crystal structure 

obtained from diffraction studies being 2.35 A. The sequence alignment of the query sequence (418 

residues) and the template 3bcv _A (196 residues) is shown in figure 5 .15a. The query sequence is 

modeled from 52-252 residues. A single 3D model was generated in swiss model and was validated with 

ProQ (http://vvww.sbc.su.se/~bjomw/ProQ/ProQ.html) and PROCHECK programs. Ribbon diagram of 

the modeled glycosyl transferase from A. junii SH205 is shown in figure 5.16b. Similarily homology 

modeling for the PgaC protein from coli (NCBI gene 10: 6967460) and A. baumannii (NCBI ref. seq. 

YP _002326569.1) was done and compared in the figure 5.16 c and d. The template search for them also 

resulted in best hit with 3bcv A. 

A. ju.n:i.:i 
3bcv 

A_jur.t:i.i. 
3bcv 

A.jun:i.:i 
3bcv 

A. jun:i.i 
3bcv 

A.junii 
3bcv 

HTEIVALWSYAIKFVFYYPLFHSYLu~GAILF¥mKERODPPYQQPKSLE~LI~ 
-------------------------------------------------xsl!ji~Ivl!j 

* *'**:*::* 

CI1MlEGDMAEETISHl!{LIQLDYPMI!jiMil~GE~~EKL~LAQMQ~ 
IVBKYLDQCVQAib;JAQTLSDlJ!Yr!!l:r@IDI;j~~PKI ·~PNIRt¥~-43 

:* - :: :_ * ::*:* *:* 'f:' ** :: *:'*"'*' :::*:* : * 
"DxD"Motiff 

KAHGLQl!jGjEH.HTDWLIGJ1iSiqq&LI.fqPHA.AKiimHRHFLEDETvfiiA_vfj:'qNpiRJIRTRSTLL 
LG'CAC~DVATqy..vAFcl!2fsfl;P~DXYXTXYNVAQKYTCD~Fl!:QLRig!lTXAGIPT 

- - ::* :: .*:: *-* :* ~ - : *--*"*' ** -

~QVG-~5------~H~--~RTF---GRLF~VITAF~SAVHQ--VDYW 
~H~YKNRMB~L~LI~PYAREERAI~L~LIEKRHLRFV 
* : ** * : : * * * : **- :- : *: - : - : 

~PMMfLlrED~TWKLQRA~P.FE~L VWILHJPIE~MGLUJKQRLR~G.!!.QVLIKML 
~BRI~S-~-------IF~VL~MIVCVL~~YMYRTNPISISE~---
* - : * - *: :: * - *: : : : *: ** - : : : * : 

Fig.5.15 a): Alignment between target (glycosyl transferase of A. junii SH205) and 
template sequence (3bcv_A) obtained from ClustalW. The asterisk showed the identity 
of amino acids present in two protein sequences. 

I 

I 
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A.. j uni i ~ITEIVAL uJSY A.I 
A..baumanni HTIF A.AITiJSHA.L 
E.coli ----------HH 

A.junii 
A. b aumanni 
E.coli 

: :W;o;1;:: 1:'! '1;1;1; : "t:: 1i'.,: *: 

E. coli tiiJ. ""'"'·""'-"'~"-"" r[r~~~~; "'-''-"-'"'--"'-"--""" 

QQPK---SLELYPKVAV 
~QPA---PLESYPKVAV 

GENA.PAPQLKDNPSISI 
., : *: 1i • .::: 

I 
!:~~~~nni ~~•J v~~~~~ 

1;-t;: 1';: 7;1';1;T,7,: 1;"1;-t;: r.: 1>1>'ti: r,-t; : 7; .. : 't;T,1;1;1'":"1:1r: 1;-1>*: 1;7;: : r. 1:7.1: : "11: 1';7:1;1';1;7; 

I 
A.junii 
A.baumanni 

i :·:::i 
A . b aumanni 
E.coli 

A.jtU1.ii 
A .bauroanni 
E .c.ol i 

A.junii R--
j A .bau:manni PG- I 
I E.coli LP(3 i 
r------------~---------------~~·-------------~-------···-----·--------

1 Fig. 5.15 b) Alignment between target glycosyl transferase of A. junii, A. baumannii, I 
! and E. obtained from Clusta!W. The asterisk showed the identity of amino acids \ 
u~rese~t-!n t\VO protein sequences. 
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! l?ig. 5.16a): 30 model of the Template: 3bcv _A (crystal structure of a putative glycosyltransferase 
~m Bacteroides fragilis) __ 

I 
I I 

I I I 
I b) J c) I 
I ~--ft;~ii --------------- l A. baumannii j E. coli 

d) l 
---·-------1 

l 
! 

!
Template: 3bcv_A (Template: 3bcv_A l Template: 3bcv_A 
Residue: 52 to 252 I Residue: 52 to 252 Residue: 45 to 245 

I Predicted LGscore: 2.1 58 Predicted LGscore: 2.532 1 Predicted LGscore: 2. 762 
I Predicted MaxSub:0.245 Predicted MaxSub:0.275 j Predicted MaxSub:0.272 J 

Different ranges of quality (ProQ LGscore> 1.5 fairly good model Max:Sub>O.l fairly good model 
web server*): LGscore>2.5 very good model MaxSub>0.5 very good model 

LGscore>4 extremly good model Max:Sub>0.8 extremly good model 

Fig. 5.16: 3D homology models ofPgaC/ glycosyl transferase. b) fromA.junii SH205, c) from A. 
baumannii A. baumanii AB307-0294, d) from E. coli 0 157:H7 
*http://www .sbc.su.se/~bjornw /ProQ/ProQ.html 

Molecular docking: Further docking of the ligand UDP-GlucNAc with the modeled protein (glycosyl 

transferase from A. junii) was performed with AutoDock tooL Total 10 conformations were generated. 

Out of 1 0 docked conformations, the best docked conformations were chosen on the basis of lowest 

binding energy (table 5.15). These conformations were analyzed through Python Molecular Viewer for 

their interaction study shown in figure 5. 1 7a. In the predicted model, the neighbour residues within 3 A 

was constituted by amino acid Phe 158, Gly 210, Val211, Jle 212, Ala 214, Leu 241, and Phe 250. The 

residue 212-Ile and 250-Phe was common in A. junii, A. baumanii and in E. coli (table 5.16). Hydrogen 

bonds play an important role for the structure and function of biological molecules, e·specially for the 

enzyme catalysis (Crabtree R H 1998 Science 282, 5396). In binding mode, 6 hydrogen bonds of length 
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3.35 A, 3.37 A, 3.26 A, 3.58 A, 3.16 A, 3.32 A were detected between the ligand and protein residues at 

Phe 206, Glu 251, Ile 212, Ala 214, respectively. 

Table. 5.15: Docking result ofligand (UDP-GiucNAc) with the glycosyl transferase/ PgaC 

Organism Docking ene•·gy 
{Kcal/mol) 

A. junii SH205 -10.68 

-· 
A. haummmii -11.24 

E. coli -9.93 

'-· I 

No. of Residues Inhibition 
Hydrogen constant 
bond 
6 Phe 206 (3.35 A), Glu 251 (3 .3 7 A, 3.26 A), He 14.59nM 

212(3.58A), Ala214(3.!6A,3.32A) I 
4 Arg 249 (3.52 A, 3.53 A), Ser 209 (3.46 A), Val J 6.83nM 

211 (3.09 A) 
7 

1 
Ala 2!4 (3.53 A), Gin 242 (2.87 A), Ile 212 (3 15 

I A), Glu 251 (3.07 A, 3.48 A, 3.42 A, 3.57 A) 

J E. coli I A. junii j A. baumanniil 
I I l I 

1153-Trp 158-Phe 1 206-Phe 

I ·; 'j\},' . 1 ·--]57-His !2;;tt.•~ry 207-Thr 
I 

242:?c1h1 2J.Z:2J1e !21'fl~~.:m 
' I I I I I 

111 
•• y 

I t®-j>!jel 214-AI, I ~11'-'l'al 
251-Giu 241-Leu 21~He 

--

52.94nM 

Table 5.16: Comparison of neighbour amino acid residues within 3 A of the predicted model 

_j 

I 
J 

trans PgaC) junii, A. baumannii and from E. coli. (shaded residues are common one 

other organism) 
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a) a) 

b) b) 

c) c) 

Fig. 5.17: Docked result showing the interaction between the binding site residues of glycosyl 

transferase and ligand UDP-GlcNAc. Figure a), b), and c) are the result obtained with the 

glycosyltransferase from A. junii, A. baumannii, and E. coli respectively. (blue colored dashed lines are 

the hydrogen bonds). 

205 



Chapter 5 

--=--------------------------------------------===== 
(poly-~-1,6-li nked N-acetylglucosamine) 

Biofilm 

synthesis 

protein 

OUT 

Outer membrane 

Peri plasm 

Gly<o•vlt<aoMe"" G 
Inner membra~ 

lDQP-N-acctyi-U-_gluco~ml~i 
PPi f 

UTP J I UDP-N-acetyl_glucosamine dJphosphorylase(Accession: ZP _06067107.1) 

i N-acetyi-D_jLus~~aJ'!lin~:_p~os_eh~te 

CoA_· ~-tglucosamine-1-phosphate N-acetyltransferase{Accesston: ZP _06067107.1) 
AcCoA ) J · 

lD-.&Iucosam_Lne 1-Ph.Qphater 

rPj10spho_glucosamin~ mutase {Accession: ZP _06067022.1) 

()_:gfy_cpsamlne 6--Qbopha~ 
glutamate ~-tglutamine-fructose-6-phosphate transaminase {isomerizing) 
~ut_arn_l ne J I_ _ _ {Accession: ZP 06067108.1) 
lQ-fructose 6- phosph<Jtg -

Fig. 5.18: Predicted pathway of biosynthesis of PNAG (poly-J3-1, 6-linked N-acetylglucosamine) in A. 

junii as derived from the subcellular localization, topology prediction, and protein protein interaction of 

the four proteins showing homology with the Pga protein. The enzymatic pathway for the biosynthesis 

of UDP-N-acetyl-D-glucosamine was obtained from 

http://www.chem.qmul.ac.uk/iubmb/enzyme/reaction/polysacc/UDPGicN.html; the accession no in the 

parenthesis represents the enzymes present in A. junii SH205 

Phylogenetic distribution of pga homologues. 

The operon pgaABCD is present in many bacterial species and come outs to be part of a horizontally 

transferred locus (Wang et al., 2004). BLAST analysis at the NCBI website with the pga gene products 

as query sequences revealed homologous loci in eubacteria. Table 5.17 shows a list of bacterial species 

having pgaA, pgaB, pgaC, and pgaD gene loci. The phylogentic tree of the PgaA, PgaB, PgaC, and 

PgaD proteins/or homologous proteins as obtained by the pairwise alignment were shown in figure 5.19 

a, b, c and d. 
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Table 5.17: List ofbacterial species withpga genes. 

Organism NCBI-Gene ID 
PgaA pgaB pgaC pgaD 

Acinetobacter baumannii 7057332 7059442 7060465 7058980 
Acinetobacter sp. ADPI ----- 2879399 2879400 2879401 
Acinetobacter oleivorans 9381695 9383358 9383357 9383356 
Acinetobacter calcoaceticus 11639831 11639830 11639829 11639828 
Actinobacillus p/europneumoniae 4848631 6396756 4848633 5851322 
Aeromonas sa/monic ida 4996544 ---- 4997906 -----
Enterobacter. aerogenes 10791962 10791961 10791960 10791959 
Enterobacter cloacae 9126786 9126787 9126788 9126789 
Escherichia coli 0157:H7 209397134 959161 6967460 959159 
Kungiella koreensis 8369967 ----- 8369969 8369970 
Klebsiella pneumoniae 5340165 5340164 6938667 12543472 
Pseudomonas jluorescens 3480755 7821075 3480757 3480758 
Pectobacterium wasabiae 8533056 8533057 8533058 8533059 
Peclobacterium atrosepticum 2881305 2881304 2881306 2881884 
Pectobacterium carotovorum 8135288 --- ----- -----
Pelobacter carbinolicus 3725497 3725496 3725495 3725494 
Photobacteriwn profimdum ------ 3120157 3120156 -----
Staphylococcus aureus ----- 12329884 12425465 -----

-
Hy_pothetical 

Stenotrophomonas ma/tophilia 12743697 6477209 12743699 12743700 
Yersinia enteroco/itica 10302168 12599348 10302166 10302165 
Yersinia pseudotuberculosis 6259356 2955805 2955807 2955808 
Xal1f homonas my::ae 3266184 3266064 3266094 3266205 
Hahel/a chejuensis ----- 3839789 3839790 -----
Aggregatibacter actinomycetemcomitans 8535885 8535886 8535887 -----
Aggregatihacter aphrophilus 8122288 8122287 8122286 -----
Desul(obacterium autotrophicum ----- ----- 7501999 -----
Shigelfajlexneri ----- ----- 4209018 4209017 
!hioa/kalivibrio su(fidophi/us 7316143 7316142 ----- 7316140 
Pusillimonas sp. 10603728 10603109 10603932 10604974 

- ·-
Ralstoniu sofanacearum 9412771 9412772 9412773 9414310 
Cora/fococcus coralloides ----- 11986827 11981365 -----
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Fig. 5.19: a) Evolutionary relationships ofPgaA protein from 25 taxa 
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Fig. 5.19: b) Evolutionary relationships of PgaB protein from 27 taxa 
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Fig. 5.19: c) Evolutionary relationships of PgaC protein from 30 taxa 
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• ~-93_j !A£'inetobacter junii SH205jiNC'BIR'-'fSE-q ZP_0606522111 
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,___ ___ 1oo-1L A£inetobacter calcoaceticus 
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~------ Pelobacter carbmol1cus 

0.2 

Fig. 5.19: d) Evolutionary relationships of PgaD protein from 23 taxa 

The evolutionary history was inferred using the Neighbor-Joining method (Saitou and Nei, 1987). The 

bootstrap consensus tree inferred from 500 replicates (Felsenstein, 1985) is taken to represent the 

evolutionary history of the genes analyzed (Felsenstein, 1985). Branches corresponding to partitions 

reproduced in less than 50% bootstrap replicates are collapsed. The percentage of replicate trees in 

which the associated taxa clustered together in the bootstrap test (500 replicates) are shown next to the 

branches (Felsenstein, 1985). The tree is drawn to scale, with branch lengths in the same units as those 

of the evolutionary distances used to infer the phylogenetic tree. The evolutionary distances were 

computed using the Poisson correction method (Zuckerkandl and Pauling, 1965) and are in the units of 

the number of amino acid substitutions per site. All positions containing gaps and missing data were 

eliminated from the dataset (Complete deletion option). There were a total of 71 positions in the final 

dataset. Phylogenetic analyses were conducted in MEGA4 (Tamura et al., 2007). 
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5.4. Discussion 

Tran.sposon mutagenesis: In the present study, transposon mutagenesis with E.coli transposon (Tn5 

carried by plasmid pSUP5011) was done in order to isolate Tn5 insertion mutant of biofilm producing 

Ajunii BB lA. In any transposon mutagenesis experiment, it is desirable to show linkage of the 

transposon insertions with the observed phenotype. Insertion of transposon (Tn5) led to the isolation of a 

single BB lA mutant strain (BB lA:Tn5) having increased sensitivity towards metal/metalloid ions and 

with the inability to produce biofilm. Comparison of growth curve in BHI medium indicated 

growth of planktonic cell is not cell number dependent in mutant as it can continue its 

surpasses the maximum yield shown by the wild type cells under similar condition (Fig. 

BLAST analysis of the 223 bp DNA sequence tlanked by the transposon revealed no significant 

Degenerate Primer: The degenerate primer was manually designed using 4 it 

display degenerate letters just below aligned sequence 5 to use 

graphical interface (Gouy et aL has enabled us to sequence 

containing of at least l 0 

PCR 

which is the prime requisite for in-silico PCR amplification. The in 

NCB! genome data bank was found to be important software 

tool which allowed amplit!cation usmg primer. The output of this program showed the 

nucleotide positions of the region which have undergone amplification, length of the amp Iicon 

and a simulation of the electrophoretic mobility on agarose gel. Further information of each amplicon 

may be obtained follmving the corresponding links: DNA sequences, list of ORFs that are included in 

the amplicon. and a link to the NCB! site, which displays a map ofthe chromosome around the amplicon 

(Bikandi et aL 2004). 

Functional ability the designed pnmers to amplify the target gene(s) could therefore be 

worked out in silico by accessing whole genome sequence (including plasmids when available) in the 

database. In all cases it would be mandatory to consider primers have been designed correctly, so that 

they do not form dimers, hairpin or any other aberrant structures preventing amplification. 

Identification of two clusters in the phylogenetic tree constructed with lux! homologues has 

helped us to select the bacterial species for preparing the degenerate primers since the task has become 

easier because of lesser degeneracy among sequences of individual clusters. The applicability of the 

degenerate primers could be further enhanced if more mismatches are allowed under real wet lab 

conditions. To our observation in-si!ico PCR amplification with DeglF/Deg2R failed with Aeromonas 

salmonicida genome template as the present version of the software, In silico PCR, did not allow more 

than t\VO mismatches.Hence an exercise to design degenerate primers (vvben necessary in situations like 
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lux! sequences) for amplification of gene homologue of interest with the help of a combination of 

Sea View 4 and In Silica PCR programs would be very useful for the researchers in real wet lab 

situations. 

Wet lab amplification of Ajunii BBIA genome with the degenerate primer Deg1F/Deg2R 

initially resulted in non specific amplification (a common problem with degenerate primers) which was 

rectified by performing Touch Down PCR (TD-PCR). In TD-PCR the annealing temperature was 

decreased in increments for every subsequent set of cycles. The primer annealed at the highest 

temperature which is least-permissive of nonspecific binding that it is able to tolerate. Thus, the first 

sequence amplified is the one between the regions of greatest primer specificity; it is most likely that 

this is the sequence of interest. These fragments will be further amplified during subsequent rounds at 

!ovver temperatures, and thus out-competed the nonspecific sequences to which the primers may bind at 

those lower temperatures. [f the primer initially (during the higher-temperature phases) binds to the 

sequence interest, subsequent rounds of polymerase chain reaction can be performed upon the product 

to further amplify fragments. analysis the amp!icon generated degenerate (primer 

Degl F/Deg2R, designed for lux[ homologue), revealed no similarity with the lux! homologue 

sequences; instead it showed 94% identity with the predicted protein of A.junii SH205. However the 

genome database of the avaiiab!e A.junii SH205 did show the presence homoserine/ 

homoserine lactone efflux protein (NCBI Reference Sequence: ZP_ 06067918.1) but not the Lux! 

hmologue. This eftlux protein is known to conduct the eft1ux of homoserine and homoserine lactone. 

Many bacteria use N-acyl homoserine lactone (AHL) as the key signalling molecules in the quorum 

sensing pathway. AHL based quorum sensing phenomena in BB I A strain was detected by using the 

reporter strain Agrobacteriwn tumej"aciens NTL4 (pZLR4) (Chapter 4). It now seems that in the BB l A 

strain, the AHL based quorum sensing phenomena was controlled by genes dissimi to lux!. 

To survive under adverse conditions such as metal stress, A. junii BB 1 A cells must have 

mechanisms to avoid contact with toxic metals. The strain BB 1 A forms biofilm, the EPS (Extracellular 

polymeric substances) component of which was shown to bind metal ions and have higher tolerance to 

toxic metals compared to the same cells which were temprorily deficient in EPS (Chapter 4). The 

biofilm formation in many bacteria has been reported to be under the regulation of pgaABCD operon. In 

A. haumannii, pgaABCD locus is known to encode proteins involved in the production of Poly-~-1-6-N

Acetylglucosamine, which was found to be critical for biofilm formation (Choi et al., 2009). In the 

present work, PCR amplification of A. junii BB 1 A genome vvith the primer derived from the pgaC gene 

of A. junii SH205 generated a single amplicon of expected size, revealing the probability of similar 

pgaABCD locus in the test strain. BLASTp search in the protein data bank of A junii SH205 revealed 
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the presences of a cluster of four genes, similar to the pgaABCD locus of A. baumannii. The key 

enzyme, glycosyl transferase, involved in the biosynthesis of Poly-P-1-6-N-Acetylglucosamine, from A. 

junii SH205 is predicted to be an inner membrane protein with 5 transmembrane helix regions. In the in 

silico work, 3D homology model of glycosyl transferase was constructed, using the SwissModel online 

server, and a refined model after energy minimization was obtained.The model was further used for 

Molecular Docking of UDP-GlcNAc. Docking of the modeled protein with ligand showed the best 

binding site. In the predicted model, the neighbour residues within 3 A was constituted by amino acid 

Phe 158, Gly 210, Val 211, Ile 212, Ala 214, Leu 241, and Phe 250. 

The phylogenetic analysis of known pga genes puts a broad overview of this gene family and 

lays a foundation to advance studies on their distribution, structure and functional diversity in other 

The fundamental cellular roles of these genes bacteria and their evolutionary relationship thus 

can be elucidated through the studies of homologue genes. 
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GENERAL DISCUSSION AND SUMMARY 

For many years, microorganisms such as bacteria has been isolated, cultured and studied as a 

free floating cells (in planktonic form) and are used to study many of the their activities. Recent 

advances in microscopy and molecular technologies have contributed largely to the study of surface 

attached bacterial communities within biofilm. Biofilm may be defined as surface attached microbial 

aggregates, encased in a self produced matrix primarily made from polysaccharide material (Donlan, 

2002). In nature, majority of the microbes exist as surface attached structure a biofilm 

and not as a free floating organism (Costerton et al., 1995). Biofilm is now the major focus area 

research with respect to human health, bioremediation, waste water treatment and biotechnological 

applications. Among various ecological advantages of biofilm mode of growth, protection from adverse 

environmental conditions particularly from the presence of antibiotics (Costerton et 2003; Patei, 

2005) or toxic metals (Teitzel and Parsek, 2003; et 2007) is an important aspect needed to 

be studied. 

The genus Acinetobacter is composed diverse aerobic, gram negative, non-fermenting bacteria 

). \Vhich are medically relevant species such as A. baumannii (Vidal et aL,. I 996) and 

A. calcoaceticus (Habimana et a! 20 l 0) that have been studied for their biofi!m forming abilities on 

medical devices. Very few studies have been focused on the environmental species such as A. junii. In 

natural environment, especially in polluted environment, the survival and stability of biofilm depends on 

many factors including their tolerance to heavy metals, since the polluted water bodies may have high 

concentration of heavy metals. The metal-sorption property of biofilm leading to protection to the 

bacteria against the onslaught of metal toxicity is yet another aspect needed to be studied. In natural 

environments such as river water, biofilm forms the element the self purification process as they 

harbor a heterogeneous microbial community that degrades various organic compounds. In the present 

work, biofilm formation by a metal tolerant bacterium A. junii BB 1 A isolated from river water (Bhadra 

et a!., 2006), was investigated. This strain is heavy metal tolerant and produces abundant EPS, 

characteristics which are advantageous to the growth and formation of stable biofilms in metal polluted 

water bodies. 

In chapter one, one of the methods for assaymg biofilm was standardized and influence of 

various environmental factors on the biofilm formation by A. junii BB I A was studied. Although many 

methods to quantify biofilm have been developed (Deighton et al., 200!; Arciola et al., 2002; Harraghy 

et al., 2006), no universal method for the evaluation ofbiofilm applicable to all biofilm-forming bacteria 
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is either available or standardized. However, microtiter plate method or tissue culture plate assay is the 

most frequently used method for the investigation of biofilms. During the standardization of microtiter 

plate method (or tissue culture plate method), it was observed that fixing with methanol, staining with 

0.1% crystal violet and de-staining with 33% glacial acetic acid gave most optimum result. The strain 

was found to adhere most efficiently to the plastic surfaces such as polystyrene or polypropylene 

compared to glass surface. This may be due to the higher cell surface hydrophobicity of Ajunii BB 1 A as 

reflected by the MA THS (microbial-adhesion-to-hydrocarbon) test. Previous studies have already shown 

the correlation between affinity of bacteria to polystyrene and cell surface hydrophobicity (Rosenberg, 

1981). Among various environmental factors tested, nutrient excess and salt concentration has a 

profound effect on biofilm formation. The growth in BHI (nutrient rich media) resulted in more biofilm 

formation compared to LB media (comparatively nutrient poor). Diluted medium was found to be least 

effective in promoting biofilm formation. The process of biofilm formation is found to be associated 

with the synthesis of extracellular polymers, which is energetically demanding and carbon-expensive 

(Chakrabmiy, 1996). The strain was also found to tolerate high concentration ofNaCl (3.5%, w/v) and 

form biotllm. results suggest that the strain has the potentiai to form biofilm under stressful 

conditions (high NaCl concentration of 3 to 3.5 %and pH 8). 

two dealt the production and characterization of structural 

extracellular polymeric substance (EPS) produced by A. junii BB IA. Prior to characterization, 

for EPS extraction from the culture broth was optimized. Centrifugation along alcoholic 

precipitation was found to be convenient and satisfactory method compared to other extraction 

such as heating, NaOH , sonication, formaldehyde, and EDT A treatment. 

ethanol precipitation is also the most common and widely method EPS 

et al., 1 995; Decho et al., 2005), because it is less degradative technique and do not involve addition 

chemicals (Comte et al., 2006) like EDTA which may interfere with the protein or carbohydrate analysis 

(Peterson, 1979; Underwood and Paterson, 1995). 

Optimization of growth conditions for maximum EPS production was studied. EPS production in 

BHI media \Vas found to be maximum (1.3 g/1) during the stationary phase (at 144 h incubation). The 

yield of EPS was higher at 30°C (optimum growth temperature), pH 7 to 8, in presence of glucose and 

yeast extract as carbon and nitrogen source respectively and at higher C/N ratio of 4. The production 

\Vas also found to be stimulated by the addition of 3% NaCI or 0.2% Na2HP04 . 
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The important sugar for cell to cell adherence, a pre-requisite for cell-cell interaction within 

biofilm community; N-acetyl-D-glucosamine has been detected from the cell pellet. The extracellular 

polymeric substances (EPS) released by the cells was separated from the cell-free supernatant/ culture 

filtrate. Chemical analysis revealed that the carbohydrate to protein ratio of EPS extracted from A. junii 

BB lA was 3.4. The molecular weight of the purified polysaccharide component of EPS was estimated 

as ~2 x 105 Da and composed of three main sugar residues, namely mannose, galactose and arabinose in 

molar ratio of 3: 1:1. This is the first report showing mannose rich and arabinose containing EPS 

obtained from Acinetobacter sp. and thus it is novel so far. The EPS was found to be anionic in nature. 

The presence of uronic acids in the EPS established the anionic properties of EPS. FT-IR spectra of the 

EPS showed the presence of carboxyl, hydroxyi and amide groups. The carboxyl group in the EPS 

confers various important features such as binding to divalent cations (Bramhachari et al., 2007). The 

presence of hydroxyl groups within the polymer favored the possibility of hydrogen bonding with one or 

more water molecules; as a result EPS extracted from A.junii BB lA exhibited high solubility 

aqueous solutions. Thermogram of EPS, obtained from differential scanning calorimetry (DSC), 

revealed high thermal stability up to 363°C, thus making it a promising additive for industrial 

applications. DSC as well as X-ray diffraction analysis depicted Lhe amorphous nature of EPS. 

Rheological analysis of EPS, showed the pseodoplastic non-Newtonian fluid nature. 

The EPS obtained from vanous microorganisms have been reported for their potential 

application in bioremediation or waste water treatment such as metal binding (lyer et al., 2005; Wu and 

Ye. 2007; Gong et a!., 2008; Lin and Harichund, 2011 ), bioflocculation (Katja and Mika, 2007; Kumar 

et 2004 ), and emulsification(Ashtaputre and Shah, 1995; Iyer et aL 2006). The important role of 

EPS in the removal of heavy metals from the environment has been associated with its flocculation and 

metal binding properties (Pal and Paul, 2008). In chapter 3, the physico-chemical properties of EPS from 

A. junii BB lA were investigated such as bioflocculation, emulsification and metal binding properties. 

EPS from A. junii BB I A was shown to f1occulate (flocculating rate >90%, EPS dosage 30 mg/1) either 

kaolin clay or activated charcoal at wide range of pH (pH 4-1 0). The flocculation required only 0.7 mM 

of divalent cation (Ca2+) above pH 5 (no cation addition was required at pH 4-5) minimizing the excess 

input of CaCh which at higher concentration may be costly or contribute to the secondary pollutant. The 

EPS harvested from A. junii BB IA has efficient emulsification properties comparable with some of the 

standard gums. The stability of emulsion was studied using n-Hexadecane and found to be stable 

(Emulsifying index between 60-55%) up to one month. High and stable emulsification property of EPS 

f!·orn jzmii BB lA renders its potential application in enhanced oil recovery. Apart from flocculation 

and emulsification propetiies. the EPS \Vas also shown to be a good sorbent for various heavy metal ions 
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including zn2+, Cu2
+, Co2

+, Hg2
+ and Cd2

+, this has been confirmed by the EDS analysis of metal treated 

EPS. 

Chapter 4 provides an insight into the heavy metal resistance and quorum sensing phenomena in 

A. junii BB lA. Although microorganism possess different mechanisms to combat heavy metal stress, 

among them extracellular sequestration of heavy metals was found to be an important mechanism in A. 

junii BBlA. The EPS component ofthe biofilm in BBlA was shown to bind heavy metal ions including 

Zn2
+, Cu2

+, Co2
+, Hg2

+ and Cd2+. The strain was capable of growing in presence of heavy metal 

Cu2
+, Co2

+, and Ni2+) at a concentration greater then 1 mM in both liquid and solid medium, an 

that may be important with regard to the capacity of this bacterium to survive polluted 

with eievated heavy metal levels. The resistance to the metal was found to be dependent on 

grovvth 

nutrient 

inhibitory (MlC) was higher when 

BHI as compared to AB minimal media. Differences in MIC values on agar and 

different environment. It was observed that the production 

BB l A increased increasing concentration of added metal ions 

and Ni2
\ attaining maximum (two- fold increase) at the tolerable concentration in both AB and BHl 

IS production of bacterial EPS in the presence oftoxic metals was 

ascribed to a defense mechanism against toxicity (Decbo, 1994; Fang et aL, 2002). Role of EPS in the 

resistance toxic metal was further confirmed by creating EPS deficient condition in BB l A 

strain with the threshold concentration (0.1 mM) of 4-NPO (a quorum sensing inhibitor) that prevented 

production of EPS but allowed normal growth. 1n presence of 0.1 mM 4-NPO, the sensitivity of BB 1 A 

cells against all metals tested \Vas significantly increased. The phenomenon of quorum sensing in A. 

junii BB 1 A vvas demonstrated by using Alit-Biosensor strain tumcfaciens NTL4 (pZLR4). 

In Chapter 5, mutational and biofinformatic studies were carried out in order to understand the 

genetics of biofilm formation in A. junii BB 1 A. Transposon mutagenesis with E. coli transposon Tn5 

carried by plasmid pSUPSO 11, was done and a single isolate of BB 1 A (BB 1A:Tn5) carrying a Tn5 

insertion was obtained. This mutant was biofilm deficient and was found to be more sensitive to 

metals/metalloids compared to the wild type. The DNA sequence interrupted by the Tn5 transposon, was 

amplified using inverse PCR, cloned and sequenced, however, similarity search using BLAST revealed 

no significant result. Further, degenerate primer(s) was designed to fish-out the auto-inducer synthase 

gene(s) (homologues to lux! gene) of the quorum sensing system and wet lab amplification was 

perf()rmed using A. junii BBlA DNA. In silico amplification with the degenerate primer successfully 

amplified !zed homologues sequences from several bacterial species. In the wet lab, PCR amplification 
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of A. junii BB lA DNA with degenerate primer generated a single 223 bp amplicon. The protein-protein 

BLAST analysis of the amplicon revealed 94% identity with the predicted protein of A. junii SH205. It 
0 

is now predicted that in A. junii BB lA, the AHL based quorum sensing phenomena was controlled by 

genes dissimilar to lux!. Protein-protein BLAST search in the protein data bank of A. junii SH205 (the 

strain whose protein database is available on NCBI site) revealed the presences of a cluster of four 
(' 

genes, similar to the pgaABCD locus in Acinetobacter baumannii. The biofilm formation in many 

bacteria has been reported to be under the regulation of pgaABCD operon. In Acinetobacter baumannii, 

pgaABCD locus is known to encode proteins involved in the production of poly-~-1 

acetylglucosamine, which was found to be critical for biofilm formation (Choi et al., 2009). PCR 

amplification of A. junii BB lA genome with the primer derived from the pgaC gene of A. junii SH205 

generated a single amplicon of expected size, revealing the probability of similar pgaABCD locus in the 

test strain. Structure and functional prediction of the four proteins from A. junii SH205 revealed their 

·membrane ., nature. structure protein glycosyl transferase 

(similar to PgaC) was modeled and docked substrate UDP-N--acetyl-0-glucosamine. BLAST 

search protein data bank at NCBI revealed the presence of all necessary enzymes involved in the 

biosynthesis of UDP-N-acetyi-D··glucosamine. Finally, based on the results of various bioinformatics 

tools used in the study, a poly-~-! m 

BB lA was predicted. 
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