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 The [microbial] world in nature’s most astonishing 

phenomenon. Nothing is impossible to it: the most 

improbable things commonly occur there. One who 

penetrates deeply into its mysteries is continually breathless 

with wonder. [They know] that anything can happen, and 

that the completely impossible often does.  

 C. J. Briejér in Rachael Carson’s Silent spring 
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SUMMARY 
 

Biofilms have been implicated as major causes of infection and
 
in the pathogenesis of several 

diseases. Aquatic biofilms, which are well-organized communities of microrganisms, are 

widespread in nature. They constitute a major problem in many environmental, industrial and 

medical settings. Special attention was given to the build-up of biofilm in dental unit waterlines 

(DUWLs). During the past
 
2 decades, it has been established that water used in dental

 
treatment 

has high microbial counts, typically ranging from
 
10

4
 to >10

6
 CFU/ml. The source of bacterial 

contamination within the dental unit water supply is thought to be due to microcolonies of 

proliferating micro-organisms on the inner surface of the water lines, which are small-bore 

flexible plastic tubing to bring water to different hand pieces. They are coated with well-

established biofilms.  Exposure to water containing high numbers of bacteria violates basic 

principles of clinical infection control.  

DUWL tubing‘s samples were taken from a principle dental unit in Lahore, Pakistan. The 

tubings were obtained from two points in the dental unit: (i) air/water tubings, AWT, (ii) the 

main water pipe, MWP (for the detection of background contamination of the tubings), (iii) 

patient tubings, PT. Biocides efficacy was monitored by flushing and by culture dependent 

method. By flushing eight biocides i.e., sodium dodecyl sulphate (SDS), hydrogen peroxide 

(H2O2) sodium hypochlorite (NaOCl), phenol (Phe), Tween 20 (Tw 20), ethylene-diamine-tetra-

acetic acid (EDTA), chlorohexidine gluconate (CHX) and povidine iodine (PI), singly and in 

combined form of two or more. Flushing all the biocides singly showed only NaOCl and SDS 

as effective biocides resulting in 85-90% decrease in viable microrganisms. However, biofilm 

removal was not significant even by applying these two biocides alone. Among combined forms 

of two biocides, combination of NaOCl with Phe was most effective, resulting in almost 100% 

reduction in biofilm viability and significant removal of biofilm from the tubing‘s surface. In 

contrast flushing all the biocides resulted in 50-60% reduction in viable microrganisms and non 

significant biofilm removal. Culture dependent technique was applied against 66 

morphologically different biofilm isolates (identified by subculturing and purification on 

different media) by preparing biocides supplemented plates at various concentrations (100-1000 

µgml
-1

) singly as well as in combined form. NaOCl and EDTA were proved to be effective (2-

9% resistant isolates were observed). These two biocides and two more (CHX, SDS) found to 

be effective by flushing were applied in combined form with rest of seven biocides. Combined 

form of NaOCl with EDTA, Tw 20; EDTA with Phe, H2O2; CHX with PI; SDS with CHX all 

proved to be effective combinations and 2-10% resistant strains were isolated. Among these 

combinations the most effective combination was of CHX with PI, resulted in 95% decrease in 
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TVC of biofilm microrganisms. Application of all biocides at 100 μgml
-1

versus 66 DUWL 

biofilm isolates resulted in twenty resistant strains. Among these twenty resistant isolates, ten 

strains were AWT samples (AWT 1, AWT 2, AWT 10, AWT 13, AWT 16a, AWT 21, AWT 

25, AWT 28, AWT 33), six strains were from PT samples (PT 1, PT 2, PT 16, PT 19, PTNPF, 

PT PA) and four were from MWP samples (MWP 14, MWP 15, MWPNPC, MWPNPD). 

Excluding four isolates (AWT 2, AWT 13, AWT 21, PT 19 belong to group facultative 

anaerobes), rest of them were aerobic. On the basis of morphological and biochemical 

characterization, isolates PT 19, MWPNPD were included in family Enterobacteriacae, PT PA 

was affiliated with family Pseudomonadaceae and AWT 1, AWT 2, AWT 10, AWT 13, AWT 

16a, AWT 25, AWT 28, AWT 33, PT 1, PT 2, MWP 14, MWP 15 family Bacillaceae. PT 19 

and MWPNPD were kept in family Eneterobacteriaceae. Biocides supplementation delayed the 

growth in resistant isolates (100 μgml
-1

) and 4-6 hr longer lag phase was observed in biocides 

supplemented medium compared to biocides free medium (2-6 hr). Optimum growth pH of 

isolates ranged from 7-9 in biocides supplemented medium and 5-9 in biocides free medium. 

Isolates preferred 30 C and 37 C temperatures for optimum growth in both media. Although 

strains showed some difference in resistance to different metallic salts and antibiotics, but all of 

them exhibited multiple resistance to metals (NiSO4, MnSO4, CoCl2, K2CrO4, ZnSO4, FeSO4, 

and CuSO4 and antibiotics (trimethoprim, chloramphenicol and few to kanamycin). All bacterial 

strains harbor a single plasmid. To characterize plasmid, genetic studies were carried out. Some 

plasmids (pBR1, pBR2, pBR3, pBR8, pBR9, pBR11, pBR14, pBR15, pBR16, pBR17 and 

pBR20) were conjugative and could be transferred to E. coli strains (C600 and DH5α). Plasmids 

of some resistant isolates (AWT 2, AWT 10, PT 19, PT PA and MWPNPD) were also 

transferred to E. coli K12 strains (C600 and DH5α) through transformation experiments. 

Analysis of cell wall constituents of biocides resistant isolates in two media (biocides free and 

biocides supplemented), showed the modification of peptidoglycan (PG), teichoic acid  and 

diaminopimelic acid (DAP) at various temperatures (37 °C, 45 °C) and pHs (7, 9). Generally 

the cell wall from resistant isolates exhibited higher PG and teichoic acid contents in biocides 

free medium compared to biocides supplemented medium preferably at pH 7 and either 

temperature (37 °C, 45 °C ). In contrast high DAP content was observed in 80% resistant 

isolates in biocides supplemented medium compared to biocides free medium again at pH 7 but 

both temperatures. Bacterial strains AWT 2, AWT 13, AWT 25, PT 19, PT PA and MWPNPD 

exhibited highest resistance (150 µgml
-1

) to all biocides and hence selected for 16S rRNA 

sequencing. Sequence analysis of these six isolates identified them as Bacillus cereus 

(DQ989214), Bacillus subtilis (DQ989210), Achromobacter xylosoxidans (DQ989213), 
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Achromobacter sp. (DQ989212), Pseudomonas aeruginosa (DQ989211) and Klebsiella sp. 

(DQ989215), respectively. Theses six isolates were further screened for the presence of luxS 

dependent AI-2 quorum sensing (QS) system in two media L-broth (LB) and L-broth 

supplemented with 0.5 % (w/v) glucose (LBG). AI-2 activity was observed in only two isolates 

(P. aeruginosa and Klebsiella sp.) among six isolates. Maximum AI-2 activity was observed in 

early stationary phase (Klebsiella sp.) to late stationary phase (P. aeruginosa) in LBG medium. 

Despite the failures to identify AI-2 activity luxS gene was successfully amplified in isolate B. 

cereus (EU199227). QS blocking treatment, an alternative approach to attenuate virulence and 

control pathogenic strains without increasing their resistance, was done by applying two QSIs 

(patulin, penecillic acid) alone as well as in combined form on planktonic biomass and thus AI-

2 activity in two AI-2 positive isolates (P. aeruginosa and Klebsiella sp.). No inhibitory effect 

of penecillic acid (PA) either alone or combined with EDTA was observed on either isolate. 

Patulin (PAT) either alone or combined with EDTA, however, appeared to retard growth at 

concentrations > 10 μM in both isolates. AI-2 activity was not effected by either of the 

compounds (QSIs, EDTA), singly as well as combined form in Klebsiella sp. Whereas in P. 

aeruginosa, AI-2 activity was decreased consistently at 10-25 μM PAT combined with EDTA. 

Biofilm forming capabilities of six isolates monitored over 175 hr time period indicated that all 

six isolates are able to form biofilm. Maximum biofilm formation was observed in A. 

xylosoxidans, Achromobacter sp., P. aeruginosa, Klebsiella sp., B. cereus and B. subtilis over a 

120 hr time period. While B. cereus and B. subtilis were poor biofilm formers compared to the 

rest of the isolates. Inhibitory effect of two QSIs (PA, PAT) alone and in combined form on the 

biofilm forming capabilities of six isolates revealed that PA and EDTA alone had no adverse affect on 

biofilm formation of any isolate among P. aeruginosa, A. xylosoxidans, Achromobacter sp. B. 

cereus and klebsiella sp. but decreased biofilm formation in B. subtilis.  EDTA alone had no 

inhibitory effect but in combined form with PA stimulated biofilm formation of B. cereus and 

P. aeruginosa while caused a decrease in biofilm formation of Klebsiella sp. PAT alone 

significantly inhibited biofilm formation in Achromobacter sp., B. subtilis, in combined form with 

EDTA strong inhibitory effect on biofilm formation of Achromobacter sp. and slight inhibitory 

effect on A. xylosoxidans and Klebsiella sp. was noticed at 25 µM or less. The increased amount 

of biofilm formed at 25 µM of PAT in combination with EDTA was highly significant 

(p<0.01). 

Overall this study confirms the contamination of DUWL and favors the application of biocides 

in combined form. Morphological and biochemical characterization indicates a great diversity 

of bacteria in dental settings and 16S rRNA sequences showed that five among six isolates were 
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opportunistic pathogens. Monitoring QS system in DUWL isolates and inhibiting it by applying 

QSIs alone as well as in combined form with EDTA may help to devise an alternative approach 

to combat pathogenic strains without increasing their resistance profile.   
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Chapter 1 

INTRODUCTION 

Bacteria exist in two forms i.e., planktonic (free swimming) and attached forms (in 

communities). Traditional studies of bacterial cells in planktonic (free-swimming) phase have 

focussed on pure culture physiology, a model for major microbiological studies today (Davey 

and O'Toole, 2000; Donlan, 2002; Parsek and Fuqua, 2004). However, the study of planktonic 

bacteria does not accurately reflect the growth of bacteria in nature because different microbial 

life style exists when bacteria live in association with different microrganisms and with 

different surfaces (Webb et al., 2003). Historically, Antonie van Leeuwenhoek was the first to 

examine bacteria from plaque on his teeth in the 17th Century (Donlan, 2002) followed by the 

observations of Costerton et al., (1999) thus leading to the theory of biofilms.  

A biofilm may be defined as a community of micro-organisms irreversibly attached to a 

surface, producing extracellular polymeric substances (EPS) (Donlan, 2002). Bacteria in biofilm 

mode have an altered phenotype compared to their corresponding planktonic counterparts, 

particularly with regard to gene transcription, and in interaction with each other (Donlan, 2002; 

Hall-Stoodley et al., 2004). The conversion from a relatively simple planktonic cell to a 

complex, highly differentiated multi-cultural community is monitored by a close genetic 

regulation (Watnick and Kolter, 2000). In addition to bacteria, fungi, yeasts, algae, protozoa and 

viruses have also been isolated from biofilms in industrial and medical settings but bacteria as 

microganisms provide the best-studied model with regard to colonization of surfaces and 

subsequent biofilm formation (Donlan, 2002). Furthermore, different biofilms are formed in 

different environments because of different hydrogeochemical properties. Depending upon the 

environment, in which biofilm formed, non living components also varies. Monocellular 

materials such as mineral crystals, corrosion particles, clay and silt particles, or blood 

components, from different environments may act as physical components of biofilms 

(Costerton et al., 1999; Donlan, 2002). Other important variables involved in cell-cell 

attachment and biofilm formation are: (1) properties of the substratum (texture or roughness, 

hydrophobicity, conditioning of film); (2) properties of the bulk fluid (flow velocity, pH, 

temperature, cations, presence of antimicrobial agents); (3) properties of the cell (cell surface 

hydrophobicity, fimbriae, flagella, EPS (Costerton et al.., 1999; Donlan, 2002; Mills and 

Karpay, 2002).  
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Biofilms are heterogeneous and complex in structure, function and metabolism. The 

microbes in biofilm mode exhibit coordinate behaviour and live in cooperative consortia which 

is identical to higher multicellular organisms (Costerton et al., 1999; Parsek and Fuqua, 2004 

and Hall-Stoodley et al., 2004). There are number of reasons, due to which bacteria like to live 

in the form of biofilms; (1) Genetic material can be easily exchanged between microrganisms; 

(2) Nutritive substances can be accessed much easily from the water phase; (3) Shelter can be 

provided by other organisms against excess of nutritive substances, toxic substances, drying and 

dessication (Donlan, 2002). Due to this joint relationship, biofilm bacteria are found to be more 

resistant to surfactants, biocides and antimicrobials (Russell, 2003a, b). The various 

mechanisms conferring resistance to biofilms are: (1) Some of the cells of biofilm suffer from 

nutrient limitation and undergoes slow-growing or starved state. Thus, many antimicrobial 

agents are unable to target these slow-growing or starved cells (2) Another mechanism explores 

that 90% of dry weight mass of biofilm is comprised of exopolysaccharides (EPS). EPS protect 

the biofilms against deep penetration of antimicrobials in them. As a result, the cells present 

deeper in biofilms remain protected against bactericidal or bacteriostatic action of various 

antimicrobials. (3) Some of the cells have unique phenotypes in biofilms. Because they have 

anionic and hydrophobic nature, thus repel the biocides/disinfectants and protect the dessication 

of biofilms. (4) Certain kinds of deposits are also present in the underlying surfaces of biofilms, 

acting as diffusion barriers. These diffusion barriers deactivate various antimicrobials and 

disinfectants and prevent their entry into biofilms (Donlan, 2002). In one study, Xu et al. 

(2000), using fluorescent probe and gene technology reported that only top one- fifth of the 

biofilm is metabolically active. Spatial heterogeneity due to physiological activity of biofilm is 

responsible for resistance against antimicrobial agents. Mechanisms like nutrient limitation and 

cell- cell signalling may switch cells into inactive non growing protected phenotypes (Xu et al., 

2000).  

Biofilms are playing important roles in industries, medical settings, waste water 

treatments, terrestrial and aquatic ecosystems. One important aspect of biofilm is in 

detoxification of heavy metals. Bacteria present in biofilms either alone or in combined form 

with other microrgansims and in the presence of EPS components form an association which 

favours the detoxification and consequently removal of the heavy metals. EPS has negatively 

charged functional groups like pyruvate, phosphate, hydroxyl, succinyl and uronic acid (Ford 

and Mitchell, 1992; Lewandowski, 2000). The heavy metals bind with these functional groups 

and get immobilized. Further the complex is carried to the microbial cell walls. Whatever he 

fate of toxic heavy metals, whether move inside the cell or stay out at cell walls, the toxic 
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compounds are converted into less toxic form by microbial activity and metabolism (Ford and 

Mitchell, 1992). This mobilization and immobilization of heavy metals by microbes in biofilms 

play an important role in transportation and cycling of the heavy metals (Ford and Mitchell, 

1992). 

Various genetics mechanisms play an important role in formation of biofilm. The 

planktonic bacteria which harbour plasmids, form healthy and thick biofilms as compared to the 

plasmid lacking strains. Strains without plasmids form only microcolonies without any further 

development and conversion into fully matured biofilm (Hausner and Wuertz, 1999). If plasmid 

carry genes for resistance to antimicrobial agents, then biofilm association will provide a mean 

of spreading bacterial resistance against various antimicrobial agents. One of the mechanisms 

responsible for transfer of resistance genes in bacterial biofilms is via natural horizontal gene 

transfer (conjugation). Conjugation occurs at greater rate between the cells present in biofilms 

than free swimming planktonic cells (Hausner and Wuertz, 1999).  This may be due to the 

reason that biofilm environment provides less shear force and better cell to cell contact resulting 

in greater conjugation ability. It has been reported previously that F conjugation pilus acts as a 

part in adhesion for both cell-surface and cell-cell interactions, resulting in development of a 

three-dimensional biofilm (Ghigo, 2001).  

In humans, bacterial biofilms also play an important role with reference to both beneficial 

and harmful aspects. Among harmful aspects, one reported example is of caries, the result of a 

chronic undermining demineralisation of the teeth by organic acids that are produced by the 

bacteria of the dental biofilm while fermenting carbohydrates from the human diet (Imfeld, 

2008). Another harmful aspect is catheter associated biofilm infections. The port of catheters in 

placed surgically or percutaneously in patients for long term effect. But it often leads to 

considerable morbidity, occasional mortality, and an increase in medical costs derived from its 

diagnosis, treatment, and mainly, prolongation of the patient's in-hospital stay due to 

development of biofilms in such devices (Del Pozo et al., 2006). In contrast, in another study, 

human gut epithelial cells are a port for the development of mixed consortia of commensal 

bacteria. These mixed consortia of commensal bacteria provide a barrier against food borne 

pathogens (Lee et al., 2000). Other experimental studies and results from various repeated trials 

under controlled conditions have shown that certain gut bacteria, particularly species of 

Lactobacillus and Bifidobacterium, may exert beneficial effects in the oral cavity by inhibiting 

cariogenic streptococci and Candida sp. (Meurman, 2005). Formation of dental plaque on teeth 

is also a good example of biofilm formation in both healthy and diseased mouths (Bradshaw et 

http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Imfeld%20T%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22del%20Pozo%20JL%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Meurman%20JH%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
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al., 1996). Similar to plaque which is omnipresent, biofilm formation within the small bore 

plastic tubing in dental unit water lines (DUWL) is quite common. Dental units, in general, are 

equipped with different types of plastic tubings. The tubings are of different diameter and are 

most important surfaces for the development of biofilms. Biofilms develop within various 

tubing samples differ from one another in their size, texture and resistant to 

antimicrobials/biocides (Mayo et al., 2002).  

DUWL provide a particularly favourable environment for biofilm formation (Ozcan et al., 

2003). Water at the tubing walls is almost stagnant, allowing bacteria to adhere and colonize the 

tubing surfaces (Kettering et al., 2002). In DUWL, biofilm formation starts by presence of 

conditioned layer. Molecules of water may adhere to lumen surfaces by utilizing physical 

adsorption and chemisorption mechanisms. Once the conditioned substratum is formed, it can 

attract other molecules. The van der Waal‘s forces, electrostatic forces, hydrophobic forces, or 

chemisorption of bacterial fimbriae, pili or adhesions are few means which are helpful in 

attachment of different molecules (Harrison et al., 2004). After adherence, the molecules enter 

the second phase i.e., quiet phase of surface associated lag time. In this phase bacteria prepare 

themselves for different types of adaptations. Some changes/ changes in gene expression can be 

accomplished in this phase (Rice et al., 2000; Sauer and Camper., 2001; Cvitkovitch et al., 

2003). After division and making phenotypic shifts, bacteria enter into the rapid phase of 

growth. During this phase, they secrete the cemented material (EPS), which binds the cells and 

protect them from shearing force of the fluid. Different microcolonies grow within the matrix, 

thus coaggregation of different microbes with each other and matrix increase the depth of the 

biofilms (Rickard et al., 2002). Once bacteria adhered irreversibly, they increase their density 

enormously compared to the planktonic bacteria and it is at this stage that they secrete certain 

autoinducer signal molecule (Del Pulcini, 2001).  

The risk of acquiring infections through DUWL supplies are known to be not very 

uncommon. Often potential pathogenesis can spread through surgical procedures, local mucosal 

contact, ingestion and inhalation (Fiehn and Larsen, 2002). Different standards and strategies 

have been adapted to control DUWL transmitted infections. According to American Dental 

Association (ADA) (2000), dental water should not have more than 200 colony-forming units 

per millilitre (CFU/ml) of aerobic, mesophilic, heterotrophic bacteria. Different methods like 

(1) antiretraction valves and retrograde aspiration of oral fluid; (2) filtration; (3) drying; (4) 

flushing of biocides; (5) Sterile water delivery systems (6) use of biocides/chemical 

disinfectants have been evaluated previously (Szymanska, 2003a, b). Various authors have 

http://www.pubmedcentral.nih.gov/articlerender.fcgi?tool=pubmed&pubmedid=15908410#r6#r6
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Szymanska%20J%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstractPlusDrugs1
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reported the use of biocides/disinfectants as effective decontamination methods to control 

DUWL contamination (Merritt et al., 2000; Meiller, 2004). Biocides are non-antibiotic, 

antiseptic, disinfecting chemical compounds, having both bactericidal and bacteriostatic 

properties (Russell, 2004). Other properties include that these should be effective at low 

concentrations, should be non toxic and biodegradable (Russell, 2004). The biocidal action 

depends on (i) chemical properties (e.g. optimum pH and temperature of activity, reactivity), (ii) 

micro-organism (e.g. tolerance/resistance, metabolic status, number of organisms in the 

population), (ii) environment (e.g. surface type, water activity, presence of other reactive 

compounds). The biocide should therefore have a wide range of activity, both in terms of type 

of microrganisms susceptible and conditions of action (Russell, 2004).  

Despite their extensive use and long history, the mode of action of a number of biocides 

has not been clearly established. Biocides affect a number of different target sites in 

microrganisms, which appears cumulatively to result in a loss of microbial viability. The effect 

of biocides on multiple target sites in microrganisms is probably the principal reason for the 

lack of development of bacterial resistance to biocides. Several biocides have been utilized as 

oral care antiseptics for decades without any adverse microbiological reports (Slots, 2000). 

Different biocides are in use in DUWL including sodium hypochlorite (Wirthlin et al., 

2003), chlorhexidine gluconate (McBain et al., 2004), triclosan (Schweizer, 2001; Thomas et 

al., 2004) povidine iodine (Miller, 1994), peracetic acid (Montebungoli et al., 2004), ethanol, 

peroxide (Schmidt et al., 2004) and glutaraldehyde. Integral automated flush systems in DUWL 

are commercially available. They employed gluteraldehydeflush systems in dentistry (Gilbert 

and McBain, 2005). Application of biocides to control DUWL biofilm contamination may be 

either as periodic shock treatments or by continuous treatment system (Leonard et al., 2000). In 

these two treatments, different biocides not only act on biofilms differently but also effectively 

at varying concentrations. Futhermore, biocides behave differently against free Planktonic 

forms and biofilms attached to various surfaces. For example, diluted solutions of sodium 

hypochlorite (NaOCl) effectively removes Planktonic cells, but biofilm shows 150-3,000 times 

more tolerance against diluted solutions of NaOCl. Sims et al. (2000) reported the effects of 

using varying concentrations (0.5%-5.25%) of bleach in dental settings. According to him, 

although bleach is effective in biofilms from tubing samples but it also causes (i) slow corrosion 

of metal fitting in dental units (ii) compliance problems in private practise dental settings (iii) 

reacts with matrix to create chlorinated by products (Sims et al., 2000).  
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Chlorine dioxide is another biocide which effectively removes biofilms, prevents metal 

corrosion and fouling of reverse osmosis membranes (Puttaih et al., 2000). In dental settings, 

0.1% stabilized chlorine dioxide is also used as mouth rinse. It reduced the bacterial counts in 

effluents of four stimulated DUWL to less than 200 CFU/ml (Puttaih et al., 2000). Stabilized 

chlorine dioxide used in private practice setting as well as its application as a lavage with 

ultrasonic scalers, result in significant (p<0.05) reduction heterotrophic plate count (HPC) 

(Wirthlin and Marshall, 2001; Wirthlin et al., 2003). Ethylene-diamine-tetra-acetic acid 

(EDTA), a divalent cation chelating agent, has been proved to be very effective agent against 

biofilms. It prevents catheter related infections by medically important microrganisms (Ramage 

et al., 2007).  

Since bacteria from the biofilm are shed continuously while the film is in contact with 

water. Use of compounds like UV, hydrogen peroxide (Linger et al., 2001) and ozone are 

advantageous in this situation. They can be continuously added into the water lines during 

patient treatment. Thus maintaining low levels of planktonic counts throughout the working 

day. Hydrogen peroxide has been used in dentistry as a bleaching agent, root canal irrigant, in 

dentrifices and mouth rinses. It has been used as a disinfectant (7% solution) for flexible 

endoscopes (Schmidt et al., 2004).  

The other products, including dialox, sanosil (Tanaka et al., 2000), sporklenz (Knowles 

and Roller, 2001), sterilex ultra (Zinkevich et al., 2000) would require evaluation in terms of 

materials compatibility before they could be recommended for routine use in DU waters 

(DUWS). A number of the other products, including alpron (a three-part component cleaner 

containing sodium hypochlorite, citric acid, and sodium- toluolsulfonechloramide), sterilex ultra 

(alkaline peroxide), and oxigenal (hydrogen peroxide), were reported to be effective in  DUWS 

and resulted in a complete kill of planktonic cells as well as removal of biofilms (Walker et al., 

2003). 

Other oral antiseptics or chemical agents that have antimicrobial properties which are 

commonly used include: quaternary ammonium compounds, phenolic compounds, halogens, 

alcohols and heavy metals. These agents are chosen to be active ingredients of oral health care 

products because of their antimicrobial properties. They are safe to use in their normal working 

doses and stable over reasonably long shelf-life. Chlorhexidine and Bio2000 (active agents 

ethanol and chlorhexidine) achieved a complete kill of the total viable count (TVC) (Theraud et 

al., 2004) but did not completely remove the biofilm. Like wise, the aldehyde-containing 

http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Ramage%20G%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Ramage%20G%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Ramage%20G%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstractPlus
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products tegodor and gigasept rapid eliminated the biofilm TVC (i.e., no viable cells were 

detected) but were unable to completely remove biofilm from the surface (Walker et al., 2000). 

However, the use of aldehyde-containing products may require occupational exposure 

monitoring for dental staff (Walker et al., 2000). 

Chlorhexidine is among one of the most tested Compounds. At high concentration it is 

bactericidal and in regular concentration (0.12-0.2%) it is bacteriostatic (Baeheni and Takeuchi, 

2003; Leung, 2004). It also has good substantivity in the mouth. The chlorhexidine mouthrinse 

is also commonly used for symptomatic treatment of recurrent aphthous stomatitis/ulcers (Field 

and Allan, 2003). 

The emergence of bacterial resistance following biocidal exposure is not novel and has 

been described since the introduction of biocides in clinical practice. Bacterial isolates from 

clinical settings showing increased tolerance due to natural evolution, adaptations or lateral 

gene transfer and mutations have been documented in several studies (Levy, 2000; Poole, 2002; 

Russell, 2003a; 2004; Silver, 2003; Maillard, 2007). In addition there have been many reports 

highlighting the failure of disinfectants used for clinical applications (Russell, 2004). Biocides 

resistance in bacteria have been studied in vitro (Poole, 2002). Several mechanisms like efflux 

systems, intracellular traps, extrachromosomal precipitation at cell wall and degradation of 

biocides are important with reference to the biocides resistances in free Planktonic 

microrganisms as well as in biofilms (Chapman, 2003; Russell, 2003b; 2004; Poole, 2005). The 

exact mechanisms of resistance in various strains are still being studied but it is clear that 

biocide resistance is an important clinical phenomenon (Fraise, 2002a, b). 

Bacterial mechanisms are dependent upon the interaction of the bacterial cell wall, outer 

membrane or the spore outer layers with the biocides. They may act as permeability barriers to 

the intracellular uptake of antibiotics and biocides (Russell, 2003a, b). Depending upon the type 

of biocide alongwith used concentration, it may damage to DNA, proteins or enzymes, cell 

wall, cytoplasmic membrane resulting in death of microbes (Russell, 2003a). Additionally, 

action of biocides on microrganisms also depend on the environmental conditions and the type 

of microorganism itself. The bacterial cell wall plays an integral role in relation to inactivation 

or insusceptibility to biocides. For example, in staphylococcus sp. cell wall acts as permeability 

barrier for the uptake of biocides and antibiotics (Russell, 2003b). 

The cell wall of Gram-positive bacteria has been widely studied (Koch, 2000; Neuhaus 

and Baddiley, 2003). It consists essentially of highly cross-linked peptidoglycan, which can 

http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Maillard%20JY%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Russell%20AD%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Russell%20AD%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstractPlus
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provide about 90% of the wall structure, together with ‗secondary‘ wall polymers (teichoic 

acids, polysaccharides and proteins), which are covalently linked to peptidoglycan. The 

peptidoglycan is made up of amino sugars (N-acetylglucosamine and N-acetylmuramic acid) 

and various amino acids, some of which are in the unnatural D-form. The peptidoglycan and 

associated anionic polymers permit the entry of large molecular weight polymers. The teichoic 

acids are major cell wall components of most Gram positive bacteria (Neuhaus and Baddiley, 

2003). Mostly, they are polymers of ribitol or glycerolphosphates attached to glycosyl and D-

alanine ester residues.  

Peptidoglycan in gram-negative bacteria are surrounded by the outer membrane (OM). 

Which makes up only about 10% of the cell wall. This OM communicates with the outer 

environments due to the presence of OM proteins. It consists essentially of lipopolysaccharide 

(LPS), proteins and phospolipids. The latter is made up of phosphatidylethanolamine, 

phosphatidylglycerol and diphosphatidylglycerol (Russell, 2003a, b). 

The 20th century initially offered the use of antibiotics to fight against bacterial infections, 

but ended with the gloomy scenario of emerging multi-resistant bacteria (Costerton et al., 

1999). But 21
st
 century emerges as a post-antibiotic era, highlighting the importance of novel 

strategies to control bacterial diseases (Camara et al., 2002). One of the novel strategies in use 

is to target the quorum sensing (QS) system of bacteria.  

Quorum sensing (QS) is not only important for intraspecies survival and differentiation in 

bacterial communities, but also relates interspecies information between symbionts and 

competitors (Xavier and Bassler, 2003; 
 
Sperandio et al., 2003).  It regulates gene expression by 

producing
 
and responding to secreted autoinducers (AIs) whose concentrations

 
reflect the 

population density (Bassler, 1999), commonly exists in bacteria.
 
Gram-negative bacteria use 

acylated homoserine lactones as autoinducers AIs,
 
and gram-positive bacteria use oligopeptides 

(Bassler, 1999;  Miller and Bassler, 2001). Among the gram-negative
 
bacteria, two quorum-

signaling mechanisms have been identified i.e., the LuxI/LuxR system and the LuxS system. In 

first system, bacteria use an acetylated homoserine lactone signal
 
molecule (Fuqua et al., 2001). 

When the
 
cell density is high, the binding of AIs to cell receptors regulates

 
gene expression for a 

variety of phenotypes, such as production
 
of specific virulence factors (Beck von Bodman et al. 

1998) protein production (DeLisa et al., 2001), siderophore
 
synthesis (Stintzi et al. 1998) 

bioluminescence (Cao and Meighen, 1989), biofilm formation (Davies et al. 1998),
 
and plasmid 

conjugation (Lithgow et al. 2001). Generally, each bacterial species
 
uses its own signal; 

http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Russell%20AD%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstractPlus
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6VRV-4D990N3-2&_user=2248840&_coverDate=10%2F01%2F2004&_rdoc=1&_fmt=&_orig=search&_sort=d&view=c&_acct=C000056732&_version=1&_urlVersion=0&_userid=2248840&md5=1dc21b7740d0526e6fb9f279e3268a06#bib15
http://aem.asm.org/cgi/content/full/70/4/2038#R2#R2
http://aem.asm.org/cgi/content/full/70/4/2038#R2#R2
http://aem.asm.org/cgi/content/full/70/4/2038#R16#R16
http://iai.asm.org/cgi/content/full/72/9/5506?view=long&pmid=15322055#R16#R16
http://aem.asm.org/cgi/content/full/70/4/2038#R7#R7
http://aem.asm.org/cgi/content/full/70/4/2038#R29#R29
http://aem.asm.org/cgi/content/full/70/4/2038#R5#R5
http://aem.asm.org/cgi/content/full/70/4/2038#R6#R6
http://aem.asm.org/cgi/content/full/70/4/2038#R15#R15


 

 

26 

however, a common AI-2 signal has been
 
discovered for interspecies communication (Surette et 

al. 1999; Surette and Bassler, 1998;  Xavier and Bassler, 2003). 

Autoinducer-2 (AI-2) is the only species-nonspecific autoinducer known in bacteria and is 

produced by both Gram-negative and Gram-positive organisms. Consequently, it is proposed to 

function as a universal quorum-sensing signal for interaction between bacterial species 

possessing the
 
characteristic luxS gene. The luxS gene is highly

 
conserved among many species 

of gram-negative and gram-positive
 
bacteria (Surette and Bassler, 1998). AI-2 is able to regulate 

a range of genes and cellular processes (DeLisa et al., 2001; Stevenson and Babb, 2002). The 

extent to which AI-2-based signaling represents true quorum sensing or is dependent to some 

degree on the metabolic status of the bacterial cells remains to be determined (Beeston and 

Surette, 2002). AI-2 is invloved in mixed-species biofilm formation (McNab et al., 2003) and 

interspecies gene regulation (Fong et al., 2001).  

The chemical structure of the actual signal is
 

still under investigation; however, 

crystallographic studies
 
of the AI-2 receptor in V. harveyi seem to suggest that AI-2

 
is a 

furanosyl borate diester formed from the metabolite 4,5-dihydroxy-2, 3-pentadione
 

( 

Ruzheinikov et al. 2001; Schauder et al. 2001; Chen et al. 2002). Unlike to luxL and luxM 

genes which are AIs for V. harveyi system 1 autoinducer (AI-1). These are important for the 

synthesis of hydroxybutanoyl-L-homoserine lactone, an important signalling molecules 

identified by purification of AI-1 QS system (Surette et al., 1999). Whereas, the ecological role 

of luxS in bacteria is still
 
poorly understood, but it

 
functions to allow bacteria to optimize gene 

expression in response
 
to the density of all luxS-containing species occupying the

 
same niche.

 

LuxS converts S-ribosylhomocysteine to 4,5-dihydroxyl-2, 3-pentanedione,
 
catalysing AI-2 

formation (Xavier and Bassler, 2003). whereas type II QS in the regulation of
 
expression of 

virulence-related factors, motility, secretion
 
systems, regulatory proteins, and polypeptides 

involved in the
 

acquisition of hemin (Xavier and Bassler, 2003). Certain environmental 

conditions have been reported to regulate the AI-2 by bacteria (Surette and Bassler, 1999). For 

example AI-2 activity in E. coli and S. enterica serovar Typhimurium is influenced by the 

presence of certain preferred carbon sources (glucose), low medium pH, and  high osmolarity 

(Surette and Bassler,1998; Surette et al., 1999).  

Conventional methods used to control bacterial infection have been resulted in the 

development of resistant isolates (Russell, 2003a; 2004). However, One novel method is to fight 

against bacteria by interfering with their command language and disrupting their virulence at 

http://aem.asm.org/cgi/content/full/70/4/2038#R31#R31
http://iai.asm.org/cgi/content/full/71/4/#R39
http://jb.asm.org/cgi/content/full/187/8/#R41
http://iai.asm.org/cgi/content/full/71/4/#R39
javascript:popRef('b29')
javascript:popRef('b30')
http://jb.asm.org/cgi/content/full/185/1/274#R3#R3
http://jb.asm.org/cgi/content/full/185/1/274#R3#R3
http://jb.asm.org/cgi/content/full/185/1/274#R3#R3
javascript:popRef('b37')
javascript:popRef('b36')
http://iai.asm.org/cgi/content/full/71/4/#R33
http://iai.asm.org/cgi/content/full/71/4/#R33
http://iai.asm.org/cgi/content/full/71/4/#R33
http://iai.asm.org/cgi/content/full/71/4/#R34
http://iai.asm.org/cgi/content/full/71/4/#R5
http://jb.asm.org/cgi/content/full/187/8/#R41
http://jb.asm.org/cgi/content/full/187/8/#R41
http://aem.asm.org/cgi/content/full/68/9/4666#R18#R18
http://iai.asm.org/cgi/content/full/71/4/#R39
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non growth inhibitory concentration, thus without increasing their resistance profile (Smith and 

Iglewski, 2003; Hentzer and Givskov, 2003). Number of studies have identified several 

molecules that function as QS inhibitors (Olsen et al., 2002; Reverchon et al., 2002; Hentzer 

and Givskov, 2003; Smith et al., 2003a, b; Rasmussen et al., 2005a). Identification of such 

inhibitors could present us with new opportunities for the development of novel nonantibiotic 

drugs for treating bacterial diseases in humans as well as in other animals and plants. As 

compared to conventional antibiotics, QS inhibitory compounds (QSIs) that do not kill or 

inhibit microbial growth are less likely to impose a selective pressure for the development of 

resistant bacteria (Bosgelmez et al., 2007). Furthermore, QSIs are not expected to cause harm to 

beneficial flora (Hentzer and Givskov, 2003). Rasmussen et al. (2005b) identified two QSIs i.e.,  

patulin and penicillic acid during screening a selection of Penicillium sp., Using DNA 

microarray-based transcriptomics, patulin (PAT) and penicillic acid (PA) were found to 

downregulate 45% and 60%, respectively, of the QS-regulated genes in P. aeruginosa, thus 

indicating specificity for QS-regulated gene expression. These approaches, also known as 

'quorum quenching', 'anti-pathogenic', or 'signal interference', have been considered as feasible 

ways to prevent and combat bacterial infection (Dong et al., 2001, 2004; Hentzer and Givskov, 

2003).  

Microbial biofilms is proceeding on many fronts. One important aspect is the elucidation 

of the genes specifically expressed by biofilm-associated organisms, evaluation of various 

control strategies for either preventing or remediating biofilm colonization of medical devices. 

Role of biofilms in antimicrobial resistance including treatment of medical devices through the 

use of antimicrobial agents and antimicrobial locks as well as development of new methods for 

assessing the efficacy of these treatments are in progress. Biofilm in dental unit waterlines, once 

established, has proven hard to remove by applying disinfectants/biocides. There is a clear 

requirement for a reliable, relevant laboratory method to prevent microbial contamination 

within DUWLs, thereby permitting the objective evaluation of antimicrobial and antibiofilm 

products to control such contamination. The method must be economical and require minimal 

effort to use on the part of dental staff. There are currently no rational, evidence-based 

guidelines available to dentists for the control of DUWS contamination. The prevention 

strategies which are designed to reduce the impact of the biofilm in DUWLs are a real and 

continuing problem. Education should stress the need for improvement in the quality of water 

delivered to patients during treatment.  

http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B7GW0-4JCBRPB-5&_user=2248840&_coverDate=04%2F06%2F2006&_rdoc=1&_fmt=&_orig=search&_sort=d&view=c&_acct=C000056732&_version=1&_urlVersion=0&_userid=2248840&md5=6ae5846ceb4a128a7730f4a4fc81afe1#bib57
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Bosgelmez-Tinaz%20G%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstractPlus
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B7GW0-4JCBRPB-5&_user=2248840&_coverDate=04%2F06%2F2006&_rdoc=1&_fmt=&_orig=search&_sort=d&view=c&_acct=C000056732&_version=1&_urlVersion=0&_userid=2248840&md5=6ae5846ceb4a128a7730f4a4fc81afe1#bib57
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1. Thus, the primary objective of this study was to determine the occurrence of microbial 

contamination in dental unit waterlines (air water tubing, main water pipe and patient tubing) in 

dental settings.  

2. Biofilms play an important role in the microbial contamination of water systems; therefore, 

we have investigated biofilms using conventional viable counting
 
of bacteria, as well as 

fluorescent microscopy.  

3. Very little is known about the resistance potential of these isolates against biocides. 

Therefore, the main aim of this work was to compare the standardized evaluation techniques by 

monitoring the efficacy of a variety of biocides that have been reported or suggested as useful in 

surface disinfection and/or antiseptic protocols.  

4. Hundreds of microbial species are present in the DUWLs. We aimed at identifying the most 

resistant bacteria by applying biocides treatments individually as well as combined form against 

bacteria both in planktonic and biofilm mode. These most resistant strains were selected for 

morphological, biochemical, physiological and genetical characterisation. Genetic studies of 

isolates includes plasmid detection and characterization through conjugation and 

transformation. 

5. Depending on the type of organism, the bacterial cell wall may act as permeability barriers to 

the intracellular uptake of antibiotics and biocides (Russell, 2002a, b). The number of studies in 

analysing cell wall constituents to address biocides resistance has been very limited, hence this 

study further aimed to understand the association between cell wall and resistance to biocides in 

DUWL isolates.  

6. The traditional identification of bacteria on the basis of phenotypic characteristics is 

generally not as accurate as identification based on genotypic methods (Drancourt et al., 2000). 

Comparison of the bacterial 16S rRNA gene sequence has emerged as a preferred genetic 

technique. We aimed to identify the highly resistant isolates based on 16S rRNA gene sequence 

data.  

7. Further to check whether resistance of DUWL isolates could be controlled by influencing the 

bacterial cell-to-cell communication, As a first step we assessed the role of luxS dependent AI-2 

signalling molecules in dental isolates and its inhibition by QSIs and biocide. 

http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Drancourt%20M%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstractPlusDrugs1
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8. Biofilm forming capability contributes to enhanced resistance of isolates and QSIs may 

interrupt with biofilm formation by disturbing bacterial cell-to-cell communication. With this in 

mind, this study aimed to analyse the biofilm forming capability of isolates and investigated the 

role of QSIs and biocides on biofilm formation. 

Better understanding of the microbial characterisation that colonise the dental tubings, of 

the selection of the growth mode, of the attachment mechanisms and of the bacterial 

communication in the biofilms, could all contribute to monitor the enhanced 

biocides/antimicrobials resistance of biofilm isolates in dental settings. 
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Chapter-2  

MATERIALS AND METHODS 

 

MATERIALS 

  
All media, solutions and buffers were prepared in glass-distilled water by the addition of 

specific ingredients. Solid media were prepared by the addition of bacteriological agar 

whenever mentioned. Before use all media and solutions were autoclaved at 121 C at 15 

lb/inch
2
 for 15 minutes. All glassware was washed properly and oven dried at 60°C before use. 

All the chemicals used were of analytical grade. 

 

 Table-2.1 PHOSPHATE BUFFER SALINE (Sambrook and Russell, 2004) 

S. 

No. 

COMPONENTS gm L
-1

 

1. NaCl 8 

2. KCl 0.2 

3. KH2PO4 0.24 

5. Na2HPO4 1.44  

Dissolved completely and made the final volume up to 1000ml. pH adjusted at 7.4.  

 

Table 2.2 TRYPTONE SOYA AGAR (Oxoid) 

S. 

No. 

COMPONENTS gm L-1 

1. Tryptone soya agar 40 

 

 

 

 

Table-2.3 L - BROTH (Gerhardt et al., 1994) 

  

S. 

No. 
COMPONENTS gm L-1 

1. Tryptone 10 

2. Yeast extract 5 

3. NaCl 5 

   pH adjusted to 7.0 
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Table-2.4 L- AGAR (Gerhardt et al., 1994) 

 

S. 

No. 
COMPONENTS gm L

-1
 

1. Tryptone 10 

2. Yeast extract 5 

3. NaCl 5 

4 Agar 12 

pH adjusted to 7.0 

 

   

Table 2.5 BROLACIN AGAR MEDIUM (Starr et  al., 1986)   

S. 

No. 

COMPONENTS gm L
-1

 

1. Meat extract 3 

2. Peptone 4 

3. Casein, peptone 4 

4. Lactose 10 

5. L.(-) Cyestine 0.13 

6. Bromothymal blue 0.02 

7. Agar  15  

             pH adjusted at 7.2-7.4 

 

Table-2.6 MAC-CONKEY’S AGAR (Difco USA) 

  

S. 

No. 
COMPONENTS gm L

-1
 

1. Mac-Conkey's agar 50 

  

 

 

Table-2.7 EOSIN METHYLENE BLUE AGAR (Oxoid)  

  

S. 

No. 
COMPONENTS gm L

-1
 

1. 
Eosin Methylene Blue Agar 

(Levine) 
37.50 

 

  

 

Table 2.8 BLOOD AGAR (Oxoid) 

 

S. 

No. 

COMPONENTS gm L-1 

1. Blood agar base 40 

        Cool the blood agar base to 45-50°C after autoclaving and aseptically add 5% sterile, 

defibrinated blood. Mix well and pour in the plates. 
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  Table 2.9 PLATE COUNT AGAR (Oxoid) 

S. 

No 

COMPONENTS gm L-1 

1. Plate count agar 17.5 

 

 

Table-2.10  BIOCIDES USED 

  

 

 

 

 

 

 

 

 

 

 

H2O2, NaOCl, CHX and PI used all were commercially available. 

 

SOULTIONS FOR FLUORESCENT STAINING  (Singh et al. 2003) 

Table-2.11   4% PARAFORMELDEHYDE (w/v) 

 S. 

No. 
COMPONENTS 100 ml

-1
 

1. Paraformaldehyde 4 

2. Distilled water 96 

 

Table-2.12 20 % ACRYLAMIDE  

S. 

No. 
COMPONENTS 40 ml

-1
 

1. Distilled water 10 

2. Stock acrylamide (30%) 20 

4. 10% Ammonium per sulphate 0.075 

5. TEMED 0.025 

  

Acrylamide was dissolved in Tris –HCl buffer and 200 µl of ammonium persulfate and 20 µl of 

TEMED was added to it before pouring. 

 

BIOCIDES CONCENTRATION 

(%) 

Sodium dodecyl sulphate (SDS)                                        1 

Hydrogen peroxide Standard (Stock) (H2O2)                                                               35 

Tween 20 (Stock) (Tw 20)                                                            4 

Ethylene di-amino tetra acetic acid (EDTA) 1 

Sodium hypochlorite (NaOCl)                                         5.25 

Phenol Standard (Stock) (Phe)  1 

Chlorohexidine (CHX)                                                       0.2 

Povidine iodine  (PI)                                                       1 
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Table-2.13 0.1 % ACRIDINE ORANGE  

S. 

No. 
COMPONENTS mg 100 ml

-1
 

1. Acridine orange 100 

 

 

Table-2.14 PROPIDIUM IODIDE   

S. 

No. 
COMPONENTS AMOUNT (mgml

-1
) 

1. Propidium Iodide 5  

2. Distilled water 5 

        Aliquot and store at 4 °C. 

 

GRAM STAINING SOLUTIONS (Gerhardt et al., 1994) 
 

   

Table-2.15 CRYSTAL VIOLET SOLUTION  

  

S. 

No. 
COMPONENTS 500 ml

-1
 

1. Crystal violet 10 gm 

2. Ammonium oxalate 4 gm 

3. Ethanol 20 % 500 ml 

   

  

 

Table-2.16 IODINE SOLUTION 

  

S. 

No. 
COMPONENTS 500 ml

-1
 

1. Iodine 1.25 gm 

2. Potassium iodide 2.50 gm 

3. Ethanol 156.20 ml 

         95% Ethanol Solution 

  

 

 

Table-2.17 SAFRANINE SOLUTION 

  

S. 

No. 
COMPONENTS 500 ml

-1
 

1. 2.5% aqueous safranine  4 g 

2. Alcohol 95% 500 ml 
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SOLUTIONS FOR CAPSULE STAINING (Gerhardt et al., 1994) 

 
  

Solution I 

   

Table-2.18 AQUEOUS CRYSTAL VIOLET SOLUTION 

  

S. 

No. 
COMPONENTS 100 ml

-1
 

1. Crystal Violet 1 g 

2. Distilled water 100 ml 

  

 

Solution II 

  

Table-2.19 COPPER SULPHATE SOLUTION 

  

S. 

No. 
COMPONENTS 100 ml

-1
 

1. CuSO4 20 g 

2. Distilled water 100 ml 

 

 

 

SOLUTIONS FOR SPORE STAINING (Gerhardt et al., 1994) 

 
 

Table-2.20 MALACHITE GREEN SOLUTION  

 

S. 

No. 
COMPONENTS 500 ml

-1
 

1. Malachite green 2.5 

2. Distilled water 500 ml 

  

 

 

Table-2.21 SAFRANIN SOLUTION 

  

S. 

No. 
COMPONENTS 500 ml

-1
 

1. 2.5% aqueous safranine  4 g 

2. Alcohol 95% 500 ml 
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SOLUTIONS FOR BIOCHEMICAL TESTS (Gerhardt et al., 1994) 

 

Table-2.22 MEDIUM FOR UREASE TEST  

  

A- 

  

S. 

No. 
COMPONENTS gm L

-1
 

1. KH2PO4 9.10 

2. Na2HPO4 9.50 

3. Yeast extract 0.10 

4. Phenol red 0.01 

  

pH adjusted to 6.8 - 6.9 

  

B- 

 

S. 

No. 
COMPONENTS gm L

-1
 

1. Urea 20 

  pH adjusted to 6.8 

  

In case of solution B, urea was added in glass distilled water and solution was filter 

sterilized after adjusting the pH to 6.8. Solution B and pre - autoclaved solution A were mixed 

in equal volumes and then 5 ml of solution was poured in each test tube. 

 

Table-2.23     REAGENT FOR CATALASE TEST 

S. 

No. 
COMPONENTS 100 ml

-1
 

1. H2O2 (35%) 9  

2. Distilled water 97 

 

 

 

Table-2.24     REAGENT FOR OXIDASE TEST 

S. 

No. 
COMPONENTS gm 100 ml

-1
 

1. Tetramethyl-p-phenylinediamine dihydrochloride 1  

2. Distilled water 100 

Prepared freshly prior to use 
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Table-2.25 HUGH AND LIEFSON OXIDATION FERMENTATION         

MEDIUM  

  

S. 

No. 
COMPONENTS gm L

-1
 

1. Peptone 2 

2. NaCl 5 

3. K2HPO4  0.3 

4. Bromothymol blue 0.03 

5. Glucose 10 

6. Agar 10 

 pH adjusted to 7.1 - 7.2 

 

 

 Table-2.26 AGAR WATER (2 %) 

  

S. 

No. 
COMPONENTS gm L

-1
 

1. Agar 20 

  pH adjusted to 7.1 - 7.2 

  

 

Table-2.27 MEDIUM FOR NITRATE REDUCTION TEST  

 

S. 

No. 
COMPONENTS gm L

-1
 

1. Peptone 5 

2. Beef extract 3 

3. KNO3 1 

 pH adjusted to 7.1 

  

 

 Table-2.28 REAGENTS FOR NITRATE REDUCTION TEST 

  

A- α-NAPHTHYLAMINE 

        [N-(1-Naphthyl)-ethylenediamine dihydrochloride] 

     

S. 

No. 
COMPONENTS g 100ml

-1
 

1. 
N-(1-Naphthyl)-ethylenediamine 

dihydrochloride 
0.5 

2. HCl (1.5N) 100 ml 

  

 B- SULFANILIC ACID 

  

S. 

No. 
COMPONENTS g 100ml

-1
 

1. Sulfanilic acid 1 

2. HCl (1.5N) 100 ml 
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 Table-2.29 MEDIUM FOR DENITRIFICATION TEST  

 

S. 

No. 
COMPONENTS gm L

-1
 

1. Peptone 5 

2. Beef extract 3 

3. Yeast extract  5 

4. K2HPO4 1 

5. Glycerol 10 

6. KNO3 1 

7. Agar 10 

pH adjusted to 7.2 

  KNO3 was added in half of the medium, while half of the medium was without it. 

 

 

Table-2.30 METHYL RED/VOGES PROSKAUER BROTH (MRVP)         

 S. 

No. 
COMPONENTS gm L

-1
 

1.   Peptone 7 

2.   K2HPO4 5 

3.   Glucose 5 

pH adjusted to 6.8 

  

 

Table-2.31 METHYL RED SOLUTION 

  

S. 

No. 
COMPONENTS gm L

-1
 

1. Methyl red 0.1 gm 

2. 95% Ethanol 300 ml 

       

0.1 gm of methyl red was dissolved in 300 ml of 95 % ethanol and made the final 

volume by adding distilled water. 

 

 

Table-2.32 REAGENTS FOR VOGES PROSKAUER TEST 

 

A- α-NAPHTHOL SOLUTION 

  

S. 

No. 
COMPONENTS g 100ml

-1
 

1. α-Naphthol 5 

2.  Absolute Ethanol 100 
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B- POTASSIUM HYDROXIDE SOLUTION 

  

S. 

No. 
COMPONENTS g 100ml

-1
 

1. KOH 40 

2. Distilled H2O 100 ml 

  

  

Table-2.33 MEDIUM FOR STARCH HYDROLYSIS TEST  

  

S. 

No. 
COMPONENTS gm L

-1
 

1. Tryptone 10 

2. Yeast extract 5 

3. NaCl 5 

4. Starch 2 

5. Agar 20 

pH adjusted to 7.0 

 

 

Table-2.34 SIMMON’S CITRATE AGAR (Difco, USA) 

  

S. 

No. 
COMPONENTS gm L

-1
 

1. Simmon's citrate agar 24.2 

  

  

 

Table-2.35 ARGININE BROTH  

 

S. 

No. 
COMPONENTS gm L

-1
 

1. Tryptone 10 

2. Yeast extract 5 

3. NaCl 5 

4. L - arginine 3 

 pH adjusted to 7.0 

    

 

 

Table-2.36 TRIPLE SUGAR IRON AGAR (Oxiod, USA) 

  

S. 

No. 
COMPONENTS gm L

-1
 

1. TSI agar 65.7 

 pH adjusted to 7.3 

 

 

 

 



 

 

39 

 BUFFERS FOR AGAROSE GEL 
  

 

 

 Table-2.37 10 X TBE (TRIS BASE BORIC ACID EDTA) 

  

S. 

No. 
COMPONENTS gm L

-1
 

1. Tris base 108 

2. Boric acid 55 

3. Sodium EDTA  9.25 

  

 

 

Table-2.38 RUNNING BUFFER (0.5 X TBE) 

  

 S. 

No. 
COMPONENTS ml L

-1
 

1. 10 X TBE 50 ml 

2. Distilled water 950 ml 

  

  

 

Table-2.39 LYSIS BUFFER FOR ECKHARDT METHOD (Thomas, 1984) 

  

 S. 

No. 
COMPONENTS 10 ml

-1
 

1. 10 X TBE 0.5 ml 

2. Glycerol 2.5 ml 

3. Lysozyme 200 g 

4. Pre-boiled RNase 10 g 

  

  

 

Table-2.40 SDS BUFFER FOR ECKHARDT METHOD (Thomas, 1984) 

  

S. 

No. 
COMPONENTS 10 ml

-1
 

1. 10 X TBE 0.5 ml 

2. Glycerol 1 ml 

3. SDS 5% 0.4 ml 

4. Bromophenol blue  20 mg 

5. Distilled water 8.1 ml 
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Table-2.41 OVERLAYING BUFFER FOR ECKHARDT METHOD   

     (Thomas, 1984) 

  

S. 

No. 
COMPONENTS 10 ml

-1
 

1. 10 X TBE 0.5 

2. Glycerol 0.5 

3. SDS 5% 0.4 

4. Distilled water 8.6 

  

       

Table-2.42 0.9 % AGAROSE 

  

S. 

No. 
COMPONENTS gm L

-1 

1. Agarose 9 

 Agarose was dissolved in 0.5 X TBE and heated to melt in water bath and 2.5 l (5 mg ml
-1

) of 

Ethidium bromide was added in it before pouring. 

 

SOLUTIONS FOR PLASMID DNA EXTRACTION (Sambrook and Russell, 

2004) 

 

 

Table 2.43      40% GLUCOSE 

S. 

No. 

COMPONENTS gm 100ml
-1

 

1. Glucose 40 

  

 

Table 2.44   1M TRIS-HCl 

S. 

No. 

COMPONENTS gm 100ml
-1 

 

1. Tris-HCl 24.2 

  

 

Table 2.45   0.5M EDTA 

S. 

No. 

COMPONENTS gm 100ml
-1

 

1. EDTA 18.61 
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Table 2.46  ALKALINE LYSIS SOLUTION  (ALS )  

S. 

No. 
COMPONENTS 100 ml

-1
 FINAL CONCENTRATION 

1. 40% Glucose   2.27 ml 50 mM 

2. 1M Tris-HCl (pH 8.0)    2.5 ml 25 mM 

3. 0.5M EDTA (pH 8.0)        2 ml 10 mM 

4. Distilled water 93.23 ml  

          pH adjusted to 8.0 

Solution I was prepared from sterile stock solutions. Store at 4 degrees C.  

 

Table 2.47     1N NaOH 

S. 

No. 

COMPONENTS gm 100ml
-1

 

1. NaOH 4 

  

Table 2.48    10% SDS 

S. 

No. 

COMPONENTS gm 100ml
-1 

 

1. SDS 10 

  

Table 2.49    ALKALINE LYSIS SOLUTION  (ALS )  

S. 

No. 

COMPONENTS 100ml
-1

 FINAL CONCENTRATION 

1. 1N NaOH 2 ml 0.2 N 

2. 10% SDS 1 ml 1 % 

3. Distilled Water 7 ml  

Prepare solution  fresh and use at room temperature. pH adjusted at 8.0  

 

Table 2.50    5M SODIUM ACETATE SOLUTION 

S. 

No. 

COMPONENTS gm 100ml
-1

 

1. Sodium acetate 41 

  

 



 

 

42 

Table 2.51  ALKALINE LYSIS SOLUTION  (ALS )  

S. 

No. 

COMPONENTS 20ml
-1

 

1. Sodium acetate (5M)    60 ml 

2. Glacial acetic acid 11.5 ml 

3. Distilled Water 28.5 ml 

Filter sterilize.  The resulting solution is 3M sodium and 5M acetate and has a pH of about 4.8. 

 

 

Table 2.52    70% ETHANOL 

S. 

No. 

COMPONENTS 100ml
-1 

(v/v) 

1. Absolute ethanol 70ml 

2. Distilled water 30ml 

  

Table 2.53    10X TE BUFFER 

S. 

No. 

COMPONENTS AMOUNT 20ml
-1

 

1. 100mM Tris. HCl (pH=7.4) 0.2ml 

2. 10mM EDTA (pH=8.0) 0.2ml 

3. Distilled Water 18.8ml 

  

SOLUTIONS FOR TRANSFORMATION (Gerhardt et al, 1994) 

Table 2.54       10mM SODIUM CHLORIDE  

S. 

No. 

COMPONENTS gm L
-1

 

1. NaCl 0.585 

  

Table 2.55    100mM CALCIUM CHLORIDE (CaCl2) 

S. 

No. 

COMPONENTS gm L
-1

 

1. CaCl2 15 

 

 

 



 

 

43 

SOLUTIONS FOR EXTRACTION OF CELL WALL (Hancock, 1994) 
 

  

Table-2.56    0.9 % NaCl 

  

S. 

No. 

COMPONENTS gm 100ml
-1

 

1. NaCl 0.9 

  

Table-2.57 4.5 % SDS (w/v) 

  

S. 

No. 

COMPONENTS gm 100ml
-1

 

1. SDS  4.5 

  

Table-2.58 1M KH2PO4 

  

S. 

No. 

COMPONENTS gm L
-1

 

1. KH2PO4 136.09    

  

 

Table-2.59 1M K2HPO4 

  

S. 

No. 

COMPONENTS gm L
-1

 

1. K2HPO4 174.18 

  

 

Table-2.60 0.02 M K2HPO4 

  

S. 

No. 

COMPONENTS 100ml
-1 

(v/v) 

1. K2HPO4 (1M) 2 

2. Distilled water 98 

  

 

Table-2.61 0.02 M KH2PO4 

  

S. 

No. 

COMPONENTS 100ml
-1 

(v/v) 

1. KH2PO4 (1M) 2 

2. Distilled water 98 
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Table-2.62 0.1 M POTTASSIUM PHOSPHATE BUFFER (pH=7.4) 

  

S. 

No. 
COMPONENTS 

100ml
-1 

(v/v) 

1 K2HPO4 (0.1M) 40.5 

2 KH2PO 4 (0.1M) 9.5 

3 H2O 50 

  

Table-2.63 0.01M TRIS-HCl BUFFER (pH=7.4) 

  

S. 

No. 

COMPONENTS 100ml
-1 

(w/v) 

1. Tris base(1M) 1 

2. H2O 99 

 pH adjusted to 7.4 with 1N HCl. 

 

Table-2.64 0.02 M POTTASSIUM PHOSPHATE BUFFER (pH=7.8) 

  

S. 

No. 
COMPONENTS 

100ml
-1 

(v/v) 

1 K2HPO4 (0.02M) 77.5 

2 KH2PO 4 (0.02M) 22.5 

 

 

Table-2.65 0.02 M POTTASSIUM PHOSPHATE BUFFER CONTAING TRYPSIN  

  

S. 

No. 
COMPONENTS 

100ml
-1 

(v/v) 

1 Trypsin 0.02 

2 Pottassium phosphate buffer (0.02M) 100 

 

 

Table-2.66 0.02% SODIUM-AZIDE 

  

S. 

No. 

COMPONENTS gm 100ml
-1

 

1. Na-azide 0.02 

  

  

SOLUTIONS FOR DETERMINATION OF PEPTIDOGLYCAN   

(Leduce et al., 1989)  
 

 Table-2.67 3N HCl 

  

S. 

No. 

COMPONENTS ml L
-1

 

1.  HCl (11.96M) 251 
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 Table-2.68 3N NaOH 

  

S. 

No. 

COMPONENTS gm L
-1

 

1. NaOH  120 

 

Table-2.69 SATURATED SOLUTION OF NaHCO3 (Gerhardt et al., 1994) 

 

S. 

No. 

COMPONENTS gm 100ml
-1

 

1. NaHCO3  15 

  

 

Table-2.70 5% ACETIC ANHYDRATE 

  

S. 

No. 

COMPONENTS 100ml
-1 

(v/v) 

1. Acetic anhydride 5 ml 

2. Distilled water 95 ml 

  

 

Table-2.71   5% K2B4O7 

  

S. 

No. 

COMPONENTS gm 100ml
-1 

  

1. K2B4O7 5  

  

 

Table-2.72 MORGAN ELSON REAGENT (Gerhardt et al., 1994) 

  

  

S. 

No. 

COMPONENTS gm 100ml
-1 

  

1. P- dimethyl amino benzyldehyde 16 

2. Con. HCl 5  

P- dimethyl amino benzyldehyde was added in sufficient amount of acetic acid to give volume 

of 95 ml and HCl was added in it. 

  

 

Table-2.73 GLUCOSAMINE STANDARD 

  

S. 

No. 

COMPONENTS gm 100ml
-1 

  

1. Glucosamine 19.92g 

2. HCL (3N) 10 

 This standard contains 0.2μmol in 20 μl. 
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SOLUTIONS FOR TEICHOIC ACID  
 

  

Table-2.74 10% MAGNESIUM NITRATE SOLUTION (Ames, 1966) 

  

S. 

No. 

COMPONENTS gm 100ml
-1 

  

1. Mg(NO3)2 10 

2. Ethanol 100  

  

 Table-2.75 0.05M HCl (Chen et al., 1956) 

 

  

S. 

No. 

COMPONENTS 100ml
-1 

  

1. HCl 418 µl 

  

 

Table-2.76 COLOR REAGENT (Chen et al., 1956) 

 

A- 

              2.5% AMMONIUM MOLYBDATE 

  

S. 

No. 

COMPONENTS gm 100 ml
-1

 

1. Ammonium molybdate 123.59 

  

B-  

              3.3% ASCORBIC ACID 

  

S. 

No. 

COMPONENTS gm 100 ml
-1

 

1. Ascorbic acid 3.3 

  

C-  

              3M  SULPHURIC ACID 

  

S. 

No. 

COMPONENTS 100 ml
-1

 

1. H2SO4 (18M) 16.67 ml 

Color reagent was prepared by mixing Ammonium molybdate, Ascorbic acid and H2SO4  in 

1:3:1 ratio, respectively. 
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SOLUTIONS FOR DIAMINOPIMELIC ACID (Work, 1957) 
 

 Table-2.77 4N HCl 

  

S. 

No. 

COMPONENTS ml L
-1 

  

1. HCl (11.96M) 347.82 

  

Table-2.78 NINHYDRIN REAGENT 

  

S. 

No. 
COMPONENTS 40 ml

-1
 

1 Ninhydrin 1 g 

2 Acetic acid 24 

3 Phosphoric acid (0.6N) 16 

  

           ACETIC ACID  

  

Commercially prepared reagent (absolute) was used 

 

POLYMERASE CHAIN REACTION 
 

Table-2.79 PRIMERS 

  

NAME OF GENE AND 

BACTERIA 
FORWARD AND REVERSE PRIMERS REFERENCE 

16S rRNA of B. subtilis, B. 

cereus, P. aeruginosa, 

Achromobacter sp.,  

A. xylosoxidans, Klebsiella 

sp. 

5′ CCAGAGTTTGATCCTGGCTCAG ′3 

 
 

5′ AGGAGGTGATCCA(AG)CCGCA ′3 

 

LuxS of Klebsiella sp. 

5′GCCGTTGTTGTTAGATTTCACAG ′3 

 Balestrino et 

al., 2005 
5′ GCCAGTTGGTCGTTGCTGTTGATG ′3 

LuxS of Klebsiella sp. 

(Degenerated primers) 

5′ TTYACIGTIGAYCAYACNCGBATG ′3 

This study 

5′ CAYTGRTAYTCRTTIARYTCIGG ′3 

LuxS of B. cereus 

5′ ATGCCATCAGTAGAAAGCTTTG ′3 
Jones and 

Blaser, 2003 
5′ CCAAATACTTTCTCAAGTTCATC ′3 

LuxS of V. harveyi 

5′ ATGCCTTTATTAGACAGCTTTACCG ′3  This study 

  5′ GCTTCATCCAGAGAGTGCATCG ′3 
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Table-2.80 

 

A. 

 

               COMPONENTS OF REACTION TUBE 

 

In a sterile reaction tube, the PCR reaction components were added as 

S. 

NO. 

 

 

ITEM 

UPTO µL 50 µl
-1 

 

FOR 

(16S rRNA
 
and LuxS of 

B.cereus,) 

UPTO µL 50 µl
-1 

 

FOR 

LuxS of V. harveyi and 

Klebsiella sp. and P. 

aeruginosa 

1. Template DNA 1 1 

2. 50 p mol Forward Primer 1 1 

3. 50 p mol Reverse Primer 1 1 

4. 10 x PCR Buffer 5 5 

5. dNTP mix 1 1 

6. Taq polmerase 2.5 2 

7. DNA grade water 38.5 40 

 

B.  

 

CONDITIONS FOR GENE AMPLIFICATION 

  

S. 

NO. 

 

STEP 

 

16S rRNA GENE 

 

LuxS GENE 

(Klebsiella sp.) 

 

LuxS GENE 

(Klebsiella sp.) 
(DEGENERATED 

PRIMERS) 

1. Denaturation 94 °C for 1 minute 94 °C for 4 minute 94 °C for 4 minute 

2. Denaturation 94 °C for 1 minute 

(30 cycles) 

94 °C for 30 

seconds 

(30 cycles) 

94 °C for 1 minute 

(19 cycles) 

3. Annealing 55 °C for 30 

seconds 

50 °C for 30 

seconds 

45 °C for 30 seconds 

 

19 cycles at 94°C for 

30 seconds for 

denaturation 

 

55°C for 30 seconds 

for annealing 

4. Extension 72 °C for 1 minute 72 °C for 1 minute 72 °C for 30 seconds 

5. Final extension 72 °C for 2 minute 72 °C for 2 minute 72 °C for 4 minute 

7. Hold at 4°C 4°C 4°C 

 

The PCR program for 16S rRNA was also used to amplify the luxS gene in B. cereus and V. 

harveyi.  
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SOLUTIONS FOR QUORUM SENSING (Greenberg et al., 1979) 
  

 

Table-2.81 POTASSIUM PHOSPHATE BUFFER (pH=7.0) 

  

S. 

No. 

COMPONENTS 100ml
-1 

(v/v) 

1. 1M K2HPO4 61.5 ml 

2. 1M KH2PO4 38.5 ml 

             pH adjusted to 7.0 

  

 

Table-2.82 1M L. ARGININE 

  

S. 

No. 

COMPONENTS gm L
-1

 

1. L.arginine 17.42 

  

 

Table-2.83 50 % GLYCEROL 

  

S. 

No. 

COMPONENTS 100ml
-1 

(v/v) 

1. Glycerol 50 

  

 

Table-2.84 10 % VITAMIN FREE CASAMINO ACID (Difco) 

  

S. 

No. 

COMPONENTS g 100 ml
-1

 

1. Vitamin free casamino acid 10 

  

 

Table-2.85 0.3M NaCl 

  

S. 

No. 

COMPONENTS gm L
-1

 

1. NaCl 1.75 

  

  

Table-2.86 0.05M MgSO4 

  

S. 

No. 

COMPONENTS gm L
-1

 

1. MgSO4 6.019 
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Table-2.87 AUTOINDUCER BASAL (AB) MEDIUM  

 

S.  

No. 
COMPONENTS gm L

-1
 

1. 0.3M NaCl 17.5 

2. 0.05M MgSO4 0.60 

 pH adjusted to 7.5 by 0.1M KOH. After autoclaving and cooling to room temperature and 1% 

(v/v) sterile potassium phosphate buffer, 1% (v/v) filter sterilised L. arginine, 2% (v/v) of filter 

sterilised 50 % glycerol and 2% (w/v) of filter sterilised vitamin free casamino acids was added. 

 

        

SOLUTIONS FOR QUORUM SENSING INHIBITION  

(Rasmussen et al., 2005a, b) 

 

  

Table-2.88 PATULIN 

  

S.  

No. 
COMPONENTS gm 100ml

-1
 

1. Patulin 15.41 

2. Ethyl acetate (Absolute) 100 ml 

  

Table-2.89 PENICILLIC ACID 

  

S.  

No. 
COMPONENTS gm 100ml

-1
 

1. Penicillic acid 17.02 

2. Ethanol (Absolute) 100 ml 

 

 

Table-2.90 EDTA 

S.  

No. 
COMPONENTS gm L

-1
 

1. EDTA 372.24 

 

 

METHODS 

 

SAMPLING OF DUWL TUBINGS 

Tubing samples were taken from principle dental unit in Lahore, Pakistan. The water from this 

unit was used routinely during patient treatment. The tubings were obtained from three points in 

the dental unit: (i) air/water tubings (AWT), (ii) patient tubings, PT, and (iii) the main water 

pipe (MWP) for the detection of background contamination of the tubings. Humidity and 

temperature at the time of collection of samples were also recorded. All external tubing surfaces 
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were sterilized with alcohol wipes, and approximately 10 cm of the tubings were cut off with 

sterile scissors. The tubings were transferred to autoclaved bottles containing a known volume 

of sterilized water and stored in the fridge for maximum 2 hr until analysis. 

 

EMBEDDING OF DUWL BIOFILM AND FLUORESCENCE 

MICROSCOPY 

A modification of method by Christensen et al., (1999) was applied for embedding biofilms in 

DUWL tubings. Biofilm were fixed by introducing 5 ml of 4 % paraformeldehyde (Table-2.11) 

into the lumen with a 14 – guage syringe. The tubes were clamped at both ends for 1 hr at room 

temprature. The fixative was flushed gently (so as not to disturb the biofilm structure) from the 

tubings five times with sterile PBS. The biofilm was then embedded by gently introducing 20 % 

acrylamide (Table-2.12) into the tubings with a syringe. The acrylamide was allowed to 

polymerize at room temperature for 1 hr. The polyvinyl chloride (PVC) tubes were cut into 1 

inch sections and then cut longitudinally to expose the polymerized acrylamide. The solidified 

cylinder of acrylamide with embedded biofilm was then carefully lifted from the lumen. 

A 10 mm long cylindrical section of the embedded biofilm was stained with 0.1 % (w/v) 

acridine orange (Sigma, USA) (Table-2.13), washed in double distilled water, and then mounted 

onto a hanging drop microscope slide. The biofilm community structure was examined with a 

fluorescence microscope (Leica, Germany) and the images were analyzed for percentage 

coverage using Image J software (National Institutes of Health, Bethesda, Maryland, USA). 

MICROSCOPY AND IMAGE ANALYSIS 

Tubings were sectioned aseptically into thin strips, rinsed twice with sterile distilled water to 

removed planktonic and loosely attached cells, and stained for 1 min with 50 l of prefiltered 

(0.2 m pore size; Nalgene Nunc international corporation, USA) propidium iodide (MP 

Biomedicals, Inc., France; 1 mg ml
_1 

stock in sterile distilled water) (Table-2.14). The tubing 

surface was then examined using episcopic fluorescence at various magnifications (4x, 10x, 20x 

and 50x) to determine the extent of biofouling. 
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ISOLATION OF MICRORGANISMS FROM DUWL BIOFILM SAMPLES 

ON DIFFERENT MEDIA 

Biofouling was assessed by total viable count (TVC) of defined areas of tubing as described 

previously (Walker et al., 2001). In brief, each 10 cm tubing was aseptically cut into 2 cm long 

sections. Four sections per tubing (AWT, PT, MWP) were randomly selected and cut 

longitudinally to expose the inner surface. Phosphate buffer saline (PBS) was prepared (Table-

2.1) and each tubing‘s section was rinsed twice with PBS solution buffer to remove loosely 

attached cells. The biofilm was removed by scraping with a sterile dental probe into 1 ml sterile 

PBS. After each scraping, the dental probe was rinsed with sterile distilled water. The efficiency 

of scraping was checked by optical microscopy to determine that all the biofilm had effectively 

been removed from the surface. The process was repeated until no viable biofilm was removed. 

Samples were vortexed for 15 seconds. Each suspension was 10 – fold serially diluted in PBS, 

100 µl of 10
-5 

sample was plated onto a range of selective and non selective agar media plates 

for isolation of diverse type of bacterial strains. The media were Tryptone soy agar (TSA) for 

environmental isolates, L- agar, Brolacin agar for Pseudomonas, MacConkey agar and Eosin 

methylene blue (EMB) agar for enterobacteria and Blood agar for pathogenic bacteria. All agar 

plates were incubated at 37
o
C for 24 hr. To obtain pure culture morphologically different CFU 

were selected from these various media plates and purified for further studies.  

Following Gerhardt et al (1994), purified colonies were studied and characterized. Size, 

shape, elevation and margin of the bacterial colonies were observed visually and under the 

microscope (Table-3.3) 

TRYPTONE SOYA AGAR (TSA) 

A general purpose medium for the growth of a wide variety of organisms. This agar medium 

containing two peptones, which will support the growth of a wide variety of organisms. It is 

suitable for the cultivation both of aerobes and anaerobes. The latter being grown either in deep 

cultures or by incubation whether anaerobic conditions. Tryptone soya agar (TSA) was 

prepared (Table-2.2). After autoclaving medium was poured in pre autoclaved petridishes. 

Plates were solidified and 100µl of 10
-5 

dilution biofilm samples were plated. Morphologically 

different strains were selected. Selected strains were further streaked on these plates. Plates 

were incubated at 37
○
C for 48 hr. After 48 hr growth of isolates, color of growth on medium 

was observed. 
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L- AGAR  

A subtype of nutrient agar, this is the general medium for microbiology studies and may be used 

for routine cultivation of not particularly fastidious microrganisms. L- agar is a basic culture 

medium used to subculture organisms for maintenance purposes or to check the purity of 

subcultures from isolation plates prior to biochemical or serological tests. In semi-solid form, 

agar slopes or agar butts the medium is used to maintain control organisms. Medium containing 

all the ingredients i.e., tryptone, yeast extract, NaCl and agar was prepared (Table-2.4). 

Different serial dilutions of biofilm samples (10
-1

 to 10
-10

) were prepared and 100µl inoculum of 

5
th

 dilution (10
-5

) was plated on pre autoclaved petridishes. Growth of isolates was observed 

after 48 hr at 37
○
C.  Different colonies were selected, studied, purified and recorded by visual 

inspection. 

 BROLACIN AGAR 

For the enumeration, isolation and preliminary identification of microrganisms, brolacin agar is 

used. This culture media promotes the growth of all microrganisms. It is also an excellent 

universal culture medium owing to its wide spectrum of nutrients, lack of inhibitors and the fact 

that it allows a certain degree of differentiation between the colonies. It contains lactose as a 

reactive compound which when degraded to acid, causes bromothymol blue to change its color 

to yellow. Alkalization produces a deep blue coloration. The lack of electrolytes suppresses 

organisms and lactose-negative, sucrose positive, accompanying flora (e.g; P. vulgaris, 

Citrobacter, Aeromonas hydrophila). The growth of undesired accompanying microrganisms, 

particularly Gram-positive bacteria, is largely inhibited by the dyes present in the medium. 

Medium containing all the ingredients of brolacin agar was prepared (Table-2.5) and poured in 

autoclaved petridishes. 100µl inoculum of 10
-5

 dilution of biofilm samples was selected for 

plating. Morphologically different colonies were selected and purified further by another round 

of streaking. Difference in colonies was recorded on the basis of growth of isolates and color of 

growth on medium.  

MAC-CONKEY’S AGAR   

Mac-Conkey agar is probably the most popular solid differential medium used in the world. It is 

mainly used in identification of lactose fermenting, Gram-negative enteric pathogens and for 

inhibiting growth of Gram-positive organisms. Bacterial colonies that can ferment lactose turn 

the medium red. This red color is due to the pH indicators response to the acidic environment 



 

 

54 

created by fermenting lactose. Organisms that do not ferment lactose do not cause a color 

change. Mac- conkey's agar (Merck) was prepared (Table-2.6), and poured in sterile petriplates 

after autoclaving. Plates were solidified and 100µl inoculum (10
-5

 dilution) of biofilm samples 

was plated onto plates. Different colonies were selected and purified by restreaking. All the 

plates were incubated at 37 C for 48 hr and growth of isolates, color of growth on medium was 

recorded. 

EOSIN METHYLENE BLUE (EMB) AGAR 

EMB agar is a differential medium used in identification and isolation of Gram-negative enteric 

rods. EMB agar also inhibits the growth of Gram-positive organisms. EMB agar contains 

methylene blue and eosin dyes to inhibit the growth of Gram-positive bacteria. It also contains 

lactose. The two indicator dyes, eosin and methylene blue, are the differential basis of this 

medium that distinguish between lactose fermenting and non-fermenting organisms. Small 

amounts of acid production result in a pink colored growth, while large amounts of acid cause 

the acid to precipitate on the colony, resulting in a characteristic greenish, metallic sheen. EMB 

medium was prepared (Table-2.7), autoclaved and poured in autoclaved petridishes. 100µl of 

10
-5

 dilution of biofilm samples were plated. Plates were incubated at 37
○
C for 48 hr. After 48 

hr growth of isolates, color of growth on medium used was observed. 

BLOOD AGAR 

A medium which contains mammalian blood (usually sheep or horse), typically at a 

concentration of 5–10%. Blood agar is an enriched, differential media used to isolate fastidious 

organisms (which require specialized environments due to complex nutritional requirements) 

and detect hemolytic activity. β-hemolytic activity will show complete lysis of red blood cells 

surrounding colony, while α-hemolysis will only partially lyse hemoglobin and will appear 

green. γ-hemolysis (or non-hemolytic) is the term referring to a lack of hemolytic activity.  

Medium containing 40 gm L
-1

 of blood agar base was prepared (Table-2.8) and 

autoclaved. After cooling the blood agar base to 45-50°C, 5% sterile, defibrinated blood was 

added aseptically. Medium was poured in sterile petridishes and 100µl biofilm samples of 10
-5

 

dilution was plated on theses plates. On the basis of morphologically difference, colonies were 

selected and purified again by streaking on same media. Results on the basis of variation in the 

growth of isolates and pattern of hemolysis were recorded at 37 C for 48 hr.  

 

http://en.wikipedia.org/wiki/Growth_medium
http://en.wikipedia.org/wiki/Hemolysis_%28microbiology%29
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EFFICACY OF BIOCIDES 

Efficacy of biocides against biofilms present in dental unit water lines (DUWL) was determined 

by two methods. In one method, biocides were flushed through the DUWL tubings. Whereas, in 

second method, efficacy of biocides was recorded by culture dependent method.  

EFFICACY OF BIOCIDES BY FLUSHING THROUGH DUWL TUBING SAMPLES 

Sterile distilled water was passed through all three tubing samples for 2 min by using a syringe. 

Samples of tubing were analyzed for biofilm TVC and coverage after flushing to determine the 

background level of bacterial contamination prior to biocide experiments. In order to test the 

efficacy of different biocides, tubing samples were sectioned to obtain a specimen representing 

2cm
2
. Biocides (Table-2.10) were prepared in sterile distilled water and the effect on TVC 

compared against sterile water as control. Biocides were placed in glass bottles and then flushed 

through the tubing sections first by using syringes and the left in the bottles for 48 hr. The effect 

of one, two and all biocides mixed together was tested on biofilm cell viability and removal. 

Following disinfection, each tubing section was rinsed with sterile distilled water for 2 minutes. 

Biofilm samples were taken by cutting the dental tubings and scraping the biofilm using sterile 

dental probe under aseptic conditions. Biofilm coverage and TVC of control and biocides 

treated areas was then determined again by plating (10
-5

 dilution prepared in PBS) using TSA 

(Table-2.2) and PCA (Table-2.9). Plates were incubated at 37
o
C for 24 hr and total number of 

viable microrganisms was counted. 

EFFICACY OF BIOCIDES BY CULTURE DEPENDENT METHOD  

To monitor the resistance profile of the isolated strains from the three tubing samples, biocides 

(Table-2.10) were added aseptically to the L-agar either singly or in combination of two/more. 

Initially all the biocides were added alone to the L-agar at the concentration of 100µgml
-1

 and 

taken to the elevated levels upto 1000µgml
-1

. Some biocides, which were found to be more 

effective alone were introduced into the L-agar in combination of two biocides. Resistance level 

was monitored at three concentrations (100, 500 and 1000µgml
-1

). Finally, L-agar plates 

supplemented (10, 50 and 100 µgml
-1

) with all biocides 
 
simultaneously

 
were prepared and 

strains tolerable to higher level of all biocides (100µg ml
-1

) were selected for further studies.  
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BACTERIAL CULTURE CONDITIONS 

After purifying, pure cultures were maintained routinely in L-agar/L-broth supplemented with 

100µgml
-1

 of all biocides at 37°C unless otherwise stated.  

MORPHOLOGICAL CHARACTERIZATION OF BIOCIDE RESISTANT 

ISOLATES FROM DUWL BIOFILM SAMPLES 

Identifying and categorizing different isolated bacterial colonies are based upon varied 

appearance and morphology (form and structure). It permits the selection, transfer and 

purification of different species from a mixed culture. Hence colony and cell morphology 

studies of biocides resistant isolates was carried out. 

COLONY MORPHOLOGY 

To obtain purified colonies a small inoculum was picked and streaked on L-agar supplemented 

with 100 g ml
-1

 of all biocides and were incubated at 37 C for 24 hr. The purified colonies 

obtained were studied. Size, shape, color, elevation and margins of the bacterial colonies were 

observed visually as well as steriomicroscope. 

CELL MORPHOLOGY 

Cell morphology, cell shape, cell arrangement was observed after performing gram staining of 

24 hr old bacterial culture.  

MOTILITY TEST 

To identify an unknown bacterium it is usually necessary to determine whether or not the 

microorganism is motile. There are three methods that one can use for this procedure: the wet 

mount, the hanging drop slide, and a test tube method. The results of motility agar incubations 

can be difficult to interpret, particularly for aerobic bacteria that don‘t grow well deep into the 

agar. 

A good quick check for motility is to examine a very young culture using the hanging 

drop method. A hanging drop culture is prepared by placing a very small drop of L- broth on a 

cover slip, then inverting the cover slip over a depression slide so that the bottom of the drop 

does not make contact with the slide itself. Vaseline was used to make a sealed chamber. Shape 

and motility of the bacterial cells was observed under oil immersion lens. 
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GRAM STAINING (Gerhardt et al., 1994) 

The gram staining method, named after the Danish bacteriologist who originally devised it in 

1844, Hans Christian Gram, is one of the most important staining techniques in microbiology. It 

is almost always the first test performed for the identification of bacteria. It divides bacterial 

cells into two major groups; gram positive and gram negative, which makes it an essential tool 

for classification and differentiation of microrganisms.  

The purpose of gram staining is to become familiar with the chemical and theoretical basis 

for differential staining procedure, the chemical basis for the gram staining, and performance of 

the procedures for differentiating between the two principles: groups of bacteria; gram positive 

and gram negative.  

Differential staining requires the use of at least three chemical reagents that are applied 

sequentially to a heat-fixed smear. The first reagent is called primary stain i.e., crystal violet. Its 

function is to impart its color to all cells. Gram‘s iodine serves as a mordant, a substance that 

forms an insoluble complex by binding to the primary stain. The resultant crystal violet iodine 

(CV-1) serves to intensely the color of the stain and all the cells will appear purple black at this 

point. In gram-positive cells only, this CV-1 complex only binds to the magnesium-ribonucleic 

acid component of the cell wall. The resultant ribonucleic acid-crystal violet-iodine (Mg-RNA-

CV-1) complex is more difficult to remove than the smaller CV-1 complex. In order to establish 

a color contrast, the second reagent used is the decolorizing agent i.e., 95% ethyl alcohol. Based 

on the chemical composition of cellular components, the decolorizing agent may or may not 

remove the primary stain from the entire cell or only from certain cell structures. The final 

reagent the counterstain i.e., safranin, has a contrasting color to that of the primary stain. 

Following decolorization, if the primary stain is not washed out, the counterstain cannot be 

absorbed and the cell or its components will retain the color of primary stain. If the primary 

stain is removed, the decolorized cellular component will accept and assume, the contrasting 

color of the counterstain. In this way cell types or their structures can be distinguished from 

each other on the basis of the stain that is retained. 

Following Gerhardt et al (1994), Gram staining was performed; a drop of glass-distilled 

water was placed on a clean glass slide. 24 hr old fresh bacterial culture was taken with the help 

of a sterile toothpick in a drop of water on the slide. Bacterial culture was mixed in water and 

smear was spread evenly on slide surface and air-dried. Bacterial smear was heat fixed and 

stained with crystal violet solution (Table-2.15) for 1-2 minutes, washed with glass-distilled 
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water and flooded with iodine solution (Table-2.16) for 1 minute. After washing with glass-

distilled water smear was dipped in 95% ethyl alcohol so that the extra stain was removed. Then 

smear was counter-stained with safranin (Table-2.17) for 30 seconds. After that it was washed 

with glass-distilled water, air dried and observed under the microscope with an oil immersion 

lens. 

CAPSULE STAINING (Gerhardt et al., 1994) 

The purpose of capsule staining is to become familiar with the chemical basis of the capsule 

stain, and performance of the procedure to distinguish the capsular material from the bacterial 

cell.  

Capsules are sticky, gelatinous structures that surrounds and adhere to the cell. They are 

composed of polysaccharides, glycoproteins or polypeptides. When attached to the cell wall, the 

capsule is often also called the glycocalyx. The ability to produce capsule is an inherited 

characteristic and is not considered essential for the survival of the cell. Capsule surrounded 

cells tend to be more virulent than those cells lacking the structure. The capsule serves as a 

buffer between cell and environment by protecting the cell from dehydration while preventing 

the loss of nutrients. It also protects the cell from phagocytes in the body from ingesting them. 

Following Gerhardt et al (1994), Capsule staining was performed. Bacterial smears from 

the fresh 24 hr incubated bacterial cultures were made in a drop of water on clean glass slide, 

air-dried but not heat fixed, as application of the heat may destroy or destort the capsule. Smear 

was flooded with 1% aqueous crystal violet solution (Table 2.18) for 1-2 minutes, washed with 

20% CuSO4 solution (Table 2.19) and blot-dried. Slide was observed under microscope with an 

oil immersion lens. 

SPORE STAINIING (Gerhardt et al., 1994) 

The purpose of the spore staining is to become familiar with the chemical basis of the spore 

stain, and performance of the procedure is for differentiation between bacterial spores and 

vegetative cell forms. 

Members of the anaerobic genera Clostridium and Desulfotomaculum and aerobic genus 

Bacillus are the examples of the organisms that have the capacity to exist as metabolically 

active vegetative cells, or as highly resistant, metabolically inactive cell types called spores. 

Bacterial spores are the toughest forms of life known. They are resistant to destruction and 

bacteria make spores in order to survive during periods of deprivation, such as loss of a food or 
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water supply. When a spore forming bacterium senses that tough times are coming, a series of 

complex events are triggered that leads to the formation of spore. Basically, a spore is a 

structure that contains the absolute minimum of genetic information and associated materials 

required to produce the vegetative form once times become good again. The genetic material 

and other indispensable substances are packaged into a dry, heavily shielded spore that is able 

to resist high temperature, drying UV light, excessive heat, freezing, radiation, desiccation, 

deleterious chemicals, and other harmful conditions. With the return of favorable environmental 

conditions, the free spore may revert to a metabolically active and less resistant vegetative cell 

through germination. It should be emphasized that sporogenesis and germination are not mean 

of reproduction by merely mechanisms that ensures cell survival under all environmental 

conditions.  

Following Gerhardt et al (1994), spore staining was performed. Smear of bacterial culture 

(5 to 7 days incubated) were made on clean glass slide, air-dried and heat fixed. Smear were 

flooded with the 0.5% aqueous malachite green solution (Table 2.20) and heated on the steam 

of water bath for 10 minutes. While heating on boiling water, care was taken that stain should 

not be dried out. After staining slides were washed with distilled water and counter stained with 

1-2 drops of safranin (Table 2.21) for 30 seconds. Bacterial smear was washed again, air dried 

and observed under oil immersion lens.  

BIOCHEMICAL CHARACTERIZATION OF BIOCIDES RESISTANT 

BACTERIA 

UREASE TEST (Gerhardt et al., 1994) 

Bacteria that produce the enzyme urease are identified by this test. Urease hydrolyses urea to  

carbon dioxide and ammonia.  Detection of urease is through Christensen's urea agar: a 

phosphate buffered medium containing glucose, peptone, urea and the pH indicator phenol red.  

When urea is broken down, ammonia is released raising the pH of the medium.  The pH 

indicator detects the pH change and turns from yellow to pink.  

   

  NH2 

                C=O + 2H2O    
UREASE      

   CO2 + 2NH3 

   NH2 

 Urease is an important enzyme present in many bacteria. Bacterial enzymes were 

classified as either constitutive or induced. An induced enzyme is that which is produced by a 
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bacterium only when its specific substrate is present. Urease is considered as a constitutive 

enzyme, since certain bacteria, regardless of the presence or absence of its substrate urea, 

synthesize it. 

 5 ml of medium for urease test (Table-2.22) was poured in pre-autoclaved test tubes. 

Two test tubes were taken for each strain and one for control. Test tubes were inoculated, 

except control, with fresh bacterial cultures (24 hr incubation) and incubated at 37 C for seven 

days. A change in the color of medium from yellow to purplish pink is an indication of positive 

test. 

CATALASE TEST (Gerhardt et al., 1994) 

The purpose of catalase test (Table-2.23) is to determine the ability of some microrganisms to 

degrade hydrogen peroxide by producing enzymes catalase. 

During aerobic respiration, microrganisms produce hydrogen peroxide and in some cases 

extremely toxic superoxide or peroxide. Accumulation of these substances will result the death 

of these organisms unless they can be enzymatically degraded. These substances are produced 

when aerobe, facultative aerobe and microphiles, used the aerobic respiration pathway in which 

the oxygen is the final electron acceptor during degradation of carbohydrates and energy 

production Organisms capable of producing catalase or peroxidase rapidly degrade hydrogen 

peroxide as two hydrogen peroxide. 

 

2H2O2                                                2H2O + O2 

 

Hydrogen peroxide is a highly reactive molecule that can damage cell components. 

Organisms that produce the enzyme catalase break the hydrogen peroxide down in water and 

oxygen gas. 

Superoxide dismutase is the enzyme responsible for degradation of specially toxic 

superoxide in catalase negative aerobic organisms. The inability of anaerobes to synthesize the 

catalase peroxide or superoxide dismutase may explain why oxygen is poisonous to the 

microrganisms. In the absence of these enzymes the toxic concentration of hydrogen peroxide 

cannot be degraded when the organisms are cultivated in the presence of oxygen. Catalase 

production can be determined by adding a drop of substrate, 3% hydrogen peroxide to an 
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appropriate incubated bacterial culture (Gerhardt et al., 1994). A loopful of inoculum of fresh 

bacterial growth (24 hr old) was transferred to the glass slide. A drop of 3% hydrogen peroxide 

(Table-2.23) was added on the slide. Slide was observed under steriomicroscopr for the bubble 

formation (evolution of O2). If catalase is present, the chemical reaction mentioned is indicated 

by bubbles of free oxygen gas. This is the positive catalase test. The absence of bubble 

formation is a negative catalase test. 

CYTOCHROME OXIDASE TEST (Gerhardt et al., 1994) 

The basic principle of cytochrome oxidase test is to distinguish the amount groups of bacteria 

on the basis of cytochrome oxidase activity. 

Oxidase enzyme plays a vital role in the operation of electron transport system during 

aerobic respiration. The ability of bacteria to produce the cytochrome oxidase can be 

determined by the addition of the test reagent 1% N,N-Dimethyl-p-phenylenediamine 

(DMPD)to the colonies grown on a plate medium, light pink reagents serves as an artificial 

substrate donating electrons and thereby becoming oxidize to a blackish compound in the 

presence of the oxidase and free oxygen. Following the addition of test reagent, the 

development of pink, then maroon and finally black colouration on the surface of the colony, 

indicate the presence of positive test. 

The oxidase test is a qualitative procedure for determining the presence of cytochrome 

oxidase activity in bacteria. The reaction is dependent upon the presence of an intracellular 

cytochrome oxidase system that catalyses the oxidation of cytochrome c by molecular oxygen, 

which then serves as the terminal electron acceptor in the organism‘s electron transport system. 

Organisms containing cytochrome c as part of their respiratory chain are oxidase positive and 

turn the reagent pink; organisms lacking cytochrome c as part of their respiratory chain do not 

oxidize the reagent, leaving it colorless within the time limits of the test, and are oxidase 

negative. 

To test the presence of this enzyme in bacteria, spot test was performed (Gerhardt et al., 

1994). Bacterial growth from fresh cultures was picked with the help of sterilized toothpicks 

and rubbed on filter paper that contained a drop of tetramethyl-paraphenyline diamine 

dihydrochloride (Table-2.24) and change in color of filter paper to bluish-purple within 10-30 

seconds that progressively becomes more purple  indicates positive test. 
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OXIDATION FERMENTATION TEST (Gerhardt et al., 1994) 

Bacteria are either oxidative or fermentative i.e., bacteria utilize carbohydrates by oxidation or 

fermentation. Some organisms are capable of fermenting sugars anaerobically, while others use 

aerobic pathways. Whereas facultative anaerobes are enzymatically competent to use both 

aerobic and anaerobic pathways. This test determines whether a bacterium has the enzymes 

necessary for the aerobic breakdown of glucose (i.e., oxidation) and/or for the fermentation of 

glucose. 

For oxidation fermentation test 4 test tubes were used for each strain and 4 were taken as 

control. 5ml of Hugh and Leifson medium (Table 2.25) was poured in each test tube and 

autoclaved. After autoclaving medium was cooled to solidify. Inoculum was given in test tubes 

(4 test tubes per strain) with fresh 24 hr old incubated bacterial cultures. After inoculation two 

test tubes for each strain were sealed with 2ml of 2% molten agar (Table 2.26) to render the 

conditions anaerobic. Similarly two test tubes of control were sealed and other two were left 

unsealed. All test tubes were incubated at 37 C for seven days. After seven days of incubation 

results were recorded. Change in color of medium from bluish green to yellow in the test tubes 

without plugs showed the oxidative quality of the strain, while change in color of medium and 

production of gas in the test tubes with plugs indicated the fermentative breakdown of 

carbohydrates by the bacteria. 

NITRATE REDUCTION TEST (Gerhardt et al., 1994) 

The purpose is to determine the ability of some microrganisms to reduce nitrates (NO3
-
) to 

nitrites (NO2
-
) or beyond the nitrite stage (NH4

+
). 

The reduction of nitrates by some aerobic and facultative anaerobic microrganisms occur 

in the absence of molecular oxygen, on aerobic process. In these organisms anaerobic 

respiration is an oxidative process whereby the cell uses inorganic substances such as nitrates 

(NO3
-
) or sulfates (SO4

--
) supply oxygen that is subsequently utilized as a final hydrogen 

acceptor during energy formation. The biochemical transformation may be visualized as follow. 

 

     NO3
-
       +          2H                                                        NO2

-
 + H2O 

Nitrate + Hydrogen electrons                                         Nitrite      +    Water 

 

Nitrate Reductase 
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Some organisms possess the enzymatic capacity to act further on nitrites to reduce them to 

ammonia (NH3
+
) or molecular nitrogen (N2). These reactions may be described as follow;     

 

NO2
-
                                NH3  

Nitrite                             Ammonia 

                             (OR) 

2NO3
-
 +   12H

+
                     N2   +     6H2O 

Nitrate                                Molecular  

                                            Nitrogen 

 

Nitrate reduction can be determined by cultivating organisms in a nitrate broth medium. 

The medium is basically a L- broth supplemented with 1% KNO3 as a nitrate substrate. In 

addition, the medium is made into a semi solid by the addition of 0.1%      agar. The semi 

solidity impedes the diffusion of oxygen into the medium, favouring the anaerobic requirement 

necessary for nitrate reduction. 

Following incubation on the culture, and organisms ability to reduce nitrate to nitrite is 

determined by the addition of two reagents: Solution A, which is sulfanilic acid, followed by 

the solution B, which is -naphthylamine. Following reduction, the addition of solution A and 

B will produce and immediate cherry red color. 

NO3
-
                               NO2

-
 (Red color on addition of the solutions A and B) 

Culture not producing a color change suggest are of these possibilities: Nitrates were not 

reduced by the organisms. The organisms possess such protein nitrate, reductase enzymes that 

nitrates were rapidly reduced beyond nitrites to ammonia or even molecular nitrogen. To 

determine whether or not, nitrates were reduced past the nitrite stage, a small amount of zinc 

powder is added to the basically colorless cultures already containing solutions A and B. Zinc 

reduces nitrites to nitrites. The development of red color therefore verifies the nitrites were not 

reduced to nitrites by the organisms. If nitrites were not reduced, a negative nitrate reduction 

reaction has occurred. If the addition of zinc does not produce the color change, the nitrates in 
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the medium were reduced beyond nitrites to ammonia or nitrogen gas. This is a positive 

reaction. 

Nitrate broth was prepared (Table 2.27) and 5ml was poured in each test tube and 

autoclaved. After autoclaving test tubes were cooled. Inoculum was given in each test tube, 

except control, from fresh 24 hr old incubated bacterial culture. These test tubes were incubated 

at 37 C for 2-3 days. After three days test tubes were checked whether or not the reduction has 

taken place. 0.5ml of 1% sulphanilic acid and 0.5ml of 0.5% -naphthylamine (N-(1-Naphthyl)-

ethylenediamine dihydrochloride) (Table 2.28) was added to test tube of culture. Production of 

red color in test tubes indicated the organisms reduced the nitrate to nitrite reacted with added 

reagents. No color change after zinc addition means that nitrate has been reduced to compounds 

other than nitrite. Whereas the appearance of red color after the addition of zinc dust shows 

inability of the bacteria to reduce nitrate. Zinc dust reacted with nitrate present in the medium, 

reduced it to nitrite and a pink color developed. Hence this reaction is interpreted as negative. 

DENITRIFICATION TEST (Gerhardt et al., 1994) 

Denitrification is an anaerobic process where microrganisms utilize oxides of N (NO3
-
, NO2

-
 , 

N2O) as alternative electron acceptors when O2 is absent. Nitrous oxide (N2O) and dinitrogen 

(N2) are released as gas. Denitrification is carried out by a variety of facultative anaerobic 

bacteria including Pseudomonas, Alcaligenes, Flavobacterium, and Bacillus.  

Denitrification medium (Table-2.29) was prepared, divided into two halves. In one half 

KNO3 salt was added and the other one without KNO3. Four test tubes were labelled for each 

strain, two test tubes with KNO3 and two without KNO3. Two test tubes were taken as control, 

one with KNO3 and one without it. 4 ml of medium was poured in each test tube and 

autoclaved. After autoclaving, inoculum was given in each test tube, except control, from fresh 

bacterial culture. All the test tubes were overlaid with 4 ml of 2% molten agar (40-50 C). Agar 

was poured in such a way that it solidified above the medium. All the test tubes were incubated 

at 37 C for seven days. Gas production in the tubes (containing nitrate free medium) is 

considered denitrified/positive. While those which showed gas production in the medium 

having KNO3 is considered negative because the gas production may be due to the reaction of 

glycerol with nitrate. 
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METHYL RED TEST (Gerhardt et al., 1994) 

The purpose of performing methyl red test to determine the ability of microrganisms to oxidize 

glucose with the production and stabilization of high concentration of acid end products and to 

differentiate between all glucose oxidizing enteric organisms, particularly Escherchia coli and 

Enterobacter aerogenes.  

                                               Lactic acid 

                                               Acetic acid 

Glucose + H2O                      Formic acid                   CO2 + H2 (pH 4.4) 

 

                                                                                        Methyl red  indicator red color 

The hexose monosaccharide glucose is the major substrate oxidized by all enteric 

organisms for energy production. The end products of this process will vary depending on the 

specific enzymatic pathways present in the bacteria. In this test pH indicator methyl red detects 

the presence of large concentrations of acid end products. Although all enteric microrganisms 

ferment glucose with the production of organic acid. This test is value in the separation of E.coli 

and E.aerogenes. Both of these organisms initially produce organic acid end products during the 

early incubation period. The low acidic pH (4) is stabilized and maintained by E. coli at the end 

of the incubation. During the latter incubation period, E. aerogenes enzymatically converts 

these acids to nonacidic end products such as ethanol and acetone (acetylmethyl-carbinol), 

resulting in an elevated pH of approximately 6. The glucose fermentation reactions generated 

by E. coli as illustrated in equation. 

As shown, the methyl red indicator in the pH range of 4 will turn red, which is indicative of a 

positive test. At a pH of 6, still indicating the presence of acid but with a lower hydrogen ion 

concentration, the indicator turns yellow and is a negative test. 

Glucose + O2           Acetic acid            [2,3 butanediol acetylmethylcarbinol]        CO2 + H2 

4 ml of MRVP broth (Table-2.30) was poured in each test tube and autoclaved. All the test 

tubes were inoculated, except control, with fresh bacterial cultures. The test tubes were 

incubated at 37 C for 48 hr. After incubation, 5-6 drops of methyl red solution (Table-2.31) 

were added in each test tube and results were recorded. Appearance of bright red color in the 

medium indicates positive result. 
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VOGES PROSKAUER TEST (Gerhardt et al., 1994) 

The purpose to perform Voges- Proskauer test is to differentiate the enteric organisms such as 

E.  coli, E. aerogenes and K.  pneumoniae.  

CH3          

C = O       + -naphthol          

            CH    OH 

            CH3 

Acetylmethylcarbinol    

The Voges-Proskauer test determines the capability of some organisms to produce 

nonacidic or neutral end products, such as acetylmethyl-carbinol, from the organic acids that 

result from glucose metabolism. The glucose fermentation, which is the characteristic of E. 

aerogenes.    

The reagent used in this test consists of a mixture of alcoholic -naphthol and 

40%potassium hydroxide solution. Detection of acetylmethyl-carbinol requires that this end 

product be oxidized to a diacetyl compound. This reaction will occur in the presence of the -

naphthol catalyst and a guanidine group that is the peptone of the MRVP medium. As a result, a 

pink complex is formed, imparting a rose color to the medium. The chemistry of this reaction is 

illustrated by equation. 

Development of a deep rose color in the culture within 15 minutes following the addition 

of Barritt‘s reagent (Table 2.29) is indicative of the presence of acetylmethyl-carbinol and 

represent a positive result. The absence of rose color is a negative result. 

MRVP broth (Table-2.30) was prepared, poured in test tubes (4ml each) and autoclaved. 

All the test tubes were inoculated, except control, with fresh bacterial culture. All the test tubes 

were incubated at 37 C for 48 hr. After 48 hr of incubation, 600 l of 5% -naphthol (Barritt's 

Reagent A) and 200 l of 40% KOH (Barritt's Reagent B) (Table- 2.32) were added to the 

cultures. Shake the tubes gently for aeration and were incubate them at 37 C for 15 minutes to 1 

hr. Formation of a red color in the medium indicates a positive reaction. No color change or a 

copper color is negative results. 

40% KOH 
KOKO

H KOH 

Oxidition 

Diacetyl + Guanidine group of peptone  Pink complex 
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STARCH HYDROLYSIS TEST (Gerhardt et al., 1994) 

Starch is a polysaccharide, which appears as a branched polymer of the simple sugar glucose. 

This means that starch is really a series of glucose molecules hooked together to form a long 

chain. Some bacteria are capable of using starch as a source of carbohydrate but in order to do 

this, they must first hydrolyze or break down the starch so it may enter the cell. The bacterium 

secretes an exoenzyme, which hydrolyzes the starch by breaking the bonds between the glucose 

molecules. The glucose can then enter the bacterium and used for metabolism.  

 To test the ability of isolates to degrade starch, L-agar plates supplemented with 0.2% 

starch were prepared (Table-2.33). Strains were stabbed on these plates and incubated at 37 C 

for 24-48 hr. After incubation plates were flooded with Gram's iodine solution. Positive 

result/starch hydrolysis is revealed as a clear zone surrounding the growth. 

CITRATE UTILIZATION TEST (Gerhardt et al., 1994) 

Some microrganisms are capable of utilizing citrate as sole carbon source for metabolism in the 

presence of enzyme citrase with resulting alkalinity. This test determines whether or not an 

organism is able to metabolize citrate for energy. Simmon's citrate agar is a defined medium 

containing sodium citrate as the sole carbon source and the ammonium ion as the sole nitrogen 

source. Bacteria can break the conjugate base salt of citrate into organic acids and carbon 

dioxide. The carbon dioxide can combine with the sodium from the conjugate base salt to form 

a basic compound, sodium carbonate. A pH indicator, bromothymol blue, detects the presence 

of this compound in the medium and turns from green at neutral pH (6.9) to blue when a pH 

higher than 7.6 is reached (basic or alkaline). For this test Simmon‘s citrate agar (Diffco U.S.A) 

was prepared (Table-2.34), dispensed in test tubes, autoclaved and solidified in slanting 

position. Bacterial isolates were streaked from fresh cultures and tubes were incubated at 37ºC. 

Positive results were recorded by a change in color of medium from forest green to royal blue 

after 24 and 48 hr of incubation. 

ARGININE HYDROLYSIS TEST (Gerhardt et al., 1994) 

Arginine Hydrolysis broth is used for the detection of the ability of streptococci to hydrolyze 

arginine resulting in the production of ammonia (Gerhadt et al., 1994). The differential ability 

of streptococci to produce the enzyme capable of hydrolyzing arginine can be tested with this 

media. Under anaerobic conditions some bacteria have the ability to hydrolyze arginine. 
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Arginine broth was prepared (Table 2.35); 4ml of medium was poured in test tubes, and 

autoclaved. Medium was inoculated (except control) with fresh 24 hr old bacterial culture. 

Before incubation, 1ml of paraffine oil was poured in each test tube, including control, to make 

the conditions anaerobic. Test tubes were incubated at 37 C for 24-48 hr. The positive result is 

indicated by the change in color of medium to pink. 

 

TRIPLE SUGAR IRON AGAR (TSI) TEST (Hajna, 1945) 

TSI Agar is used for the determination of carbohydrate fermentation and hydrogen sulfide 

production in the identification of gram-negative bacilli. Hajna (1945) developed the 

formulation for TSI Agar by adding sucrose to the double sugar (dextrose and lactose) 

formulation of Kligler Iron Agar. The addition of sucrose increased the sensitivity of the 

medium by facilitating the detection of sucrose-fermenting bacilli, as well as lactose and/or 

dextrose fermenters. TSI Agar contains three sugars (dextrose, lactose and sucrose), phenol red 

for detecting carbohydrate fermentation and ferrous ammonium sulfate for detection of 

hydrogen sulfide production (indicated by blackening in the butt of the tube). Carbohydrate 

fermentation is indicated by the production of gas and a change in the color of the pH indicator 

from red to yellow. To facilitate the detection of organisms that only ferment dextrose, the 

dextrose concentration is one-tenth the concentration of lactose or sucrose. The small amount of 

acid produced in the slant of the tube during dextrose fermentation oxidizes rapidly, causing the 

medium to remain red or revert to an alkaline pH. In contrast, the acid reaction (yellow) is 

maintained in the butt of the tube because it is under lower oxygen tension. 

TSI agar medium was prepared (Table 2.36), poured in test tubes and autoclaved. 

Slants/Butts were made. Excluding control, stab the inoculum of 24 hr incubated cultures down 

through the butt, then pull the needle out and streak up the slant. Test tubes were incubated at 

37 C for 24 hr. TSI slant/butt reactions were noted. A red (alkaline) color in the slant and butt 

indicates that the organism being tested is a nonfermenter. H2S production results in a black 

precipitate in the butt of the tubes. Gas production is indicated by splitting and cracking of the 

medium.  
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PHYSIOLOGICAL CHARACTERIZATION OF BIOCIDE RESISTANT 

BACTERIA  

BACTERIAL GROWTH CURVE 

The standard bacterial growth curve describes various stages of growth a pure culture of 

bacteria will go through, beginning with the addition of cells to sterile media and ending with 

the death of all of the cells present. The phases of growth typically observed include: lag phase, 

exponential (log, logarithmic) phase, stationary phase and death phase (Liu et al., 2007).  For 

bacterial growth curve L- broth was prepared and 50µl bacterial inoculum (A1.00 at 600 nm) was 

given in biocides free and biocides supplemented (100µg ml
-1 

of all biocides) medium. Optical 

density was measured after different time intervals i.e., 0, 2, 4, 6, 8, 12, 18, 24, 30, 36, 42, and 

48 hr. 

EFFECT OF pH ON BACTERIAL GROWTH  

The pH, or hydrogen ion concentration, [H
+
], of natural environments varies from about 0.5 in 

the most acidic soils to about 10.5 in the most alkaline lakes. The range of pH over which an 

organism grows is defined by three cardinal points: the minimum pH, below which the 

organism cannot grow, the maximum pH, above which the organism cannot grow, and the 

optimum pH, at which the organism grows best. For most bacteria there is an orderly increase in 

growth rate between the minimum and the optimum and a corresponding orderly decrease in 

growth rate between the optimum and the maximum pH, reflecting the general effect of 

changing [H
+
] on the rates of enzymatic reaction (Zhuang et al., 2007).  

 To perform this test pH of L- broth (amended with 0 and 100µg ml
-1

 of all biocides) was 

adjusted to different pH levels ranging from 6-9. Medium was poured in conical flasks and 

autoclaved. 50µl bacterial inoculum (A1.00 at 600 nm) from fresh bacterial culture was given in 

all the flasks. Flasks were incubated at 37 C with 150 rpm shaking for 24-48 hr. Optical density 

was monitored on spectrophotometer at 600 nm.  

EFFECT OF TEMPERATURE ON BACTERIAL GROWTH (Zhuang et al., 2007) 

Microrganisms have been found growing in virtually all environments where there is liquid 

water, regardless of its temperature. Prokaryotes have been detected growing around black 

smokers and hydrothermal vents in the deep sea at temperatures at least as high as 115 C. 

http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Liu%20Y%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstractPlusDrugs1
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Zhuang%20R%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstractPlusDrugs1
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Zhuang%20R%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstractPlusDrugs1
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Microrganisms have been found growing at very low temperatures as -20 C. A particular 

microorganism will exhibit a range of temperature over which it can grow, defined by three 

cardinal points in the same manner as pH. For example, organisms with an optimum 

temperature near 37 C (the body temperature of warm-blooded animals) are called mesophiles. 

Organisms with an optimum temperature between about 45 C and 70 C are thermophiles. The 

cold-loving organisms are psychrophiles defined by their ability to grow at 0 C.  

 The effect of temperature on bacterial growth was studied at different temperatures i.e. 

20, 25, 30, 37, 42 C. Inoculum (as described earlier) was given in L- broth (0 and 100µg ml
-1

 of 

all biocides) and incubated at different temperatures for 24-48 hr. After incubation, optical 

density of isolates was monitored at 600 nm.  

HEAVY METAL RESISTANCE  

One requirement that is of great significance to accumulation of toxic metals is the ability of 

microrganisms to tolerate the metals that are extracted from the environment. Several 

microrganisms have the exceptional ability to adapt and colonize the noxious metal polluted 

environments by developing mechanisms to evade metal toxicity like metal efflux channels, 

metal resistance plasmids, adsorption uptake, DNA methylation and metal biotransformation 

either directly by specific enzymes or indirectly by cellular metabolites (Desai et al., 2008). 

To check the multiple metal tolerance profile of biocide resistant bacterial strains 

following metals were used Ni
++

 (NiSO4), Hg
+
 (HgCl2), Zn

++
 (ZnSO4), Pb

++
 [Pb(NO3)2], Mn

++
 

(MnSO4), Cr
++

 (K2CrO4), Co
++

 (CoCl2), Fe
++

 (FeSO4) and Cu
++ 

(CuSO4). Isolates were streaked 

on L-agar plates supplemented with different concentrations of above-mentioned heavy metals. 

The plates were incubated at 37 C and results were recorded after 24-48 hr.   

ANTIBIOTIC RESISTANCE (Uzel et al., 2008) 

Monitoring the antibiotic resistance profile will be of valuable information to characterize the 

biocide resistant isolates. Biocides at ‗in-use‘ concentrations are usually unlikely to be a 

problem in relation to antibiotic resistance. Biocide residues in hospital and elsewhere generally 

have been little studied but the admittedly limited evidence to date is that they do not appear to 

select for antibiotic-resistant bacteria (Beier et al., 2008). There may be the possibility of 

genetic linkage between genes for biocide resistance and those for antibiotic resistance. The 

most significant evidence to date comes from the widespread usage of chlorhexidine in units 

http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Desai%20C%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstractPlusDrugs1
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Uzel%20A%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstractPlusDrugs1
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Beier%20RC%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstractPlusDrugs1
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involved with the care of catheterized patients and consequent isolation of chlorhexidine-

resistant Gram-negative bacteria with multidrug resistance. Owing to the links between biocide 

resistance and antibiotic resistance, there is a real risk that widespread biocide use could 

exacerbate the already worrying trend towards increased antimicrobial resistance in clinically 

relevant organisms (Russell, 2001). Hence the data on the antibiotic resistance profile of biocide 

resistant strains would be interesting and may help to examine veterinary strains more fully to 

explore any possible linkage between biocide usage and drug resistance .  

To check the multiple antibiotic tolerance profile of biocide resistant bacterial strains, 

following concentrations of antibiotics were used. TMP (Trimethoprim – 300 g ml
-1

), Cdx 

(Cephradoxil - 100 g ml
-1

 ), Cd (Cephradine 100 g ml
-1

), Em (Erythromycin – 100 g ml
-1

), 

Tc (Tetracycline - 25 g ml
-1

), Cm (Chloramphenicol – 50 g ml
-1

), Dx (Doxycyclin - 25 g 

ml
-1

), Ap (Ampicillin - 2000 g ml
-1

), Km (Kanamycin - 100 g ml
-1

) and Sm (Streptomycin - 

100 g ml
-1

). 

Plates of media containing above antibiotics individually were prepared. Isolates were streaked 

on plates and incubated the plates at 37 C. Growth of the isolates was observed after 24 hr.  

 GENETIC ANALYSIS OF BIOCIDES RESISTANT ISOLATES 

GEL ELECTROPHORESIS OF TOTAL CELL LYSATE (Thomas, 1984) 

Gel electrophoresis is an analytical method, which is used for the analysis of DNA and RNA 

and for the purification of specific DNA fragments. Agarose gel electrophoresis can resolve 

molecules based on charge, size, and shape. Agarose is convenient to separate DNA fragments 

ranging in size from a few hundred to 20,000 base pairs. Gel is composed of a complex network 

of polymeric molecules. DNA molecules are negatively charged and under an electric field 

molecules migrate through the gel. The rate of travel of DNA depends upon the size of DNA, 

concentration of gel and the current applied to it. The migration of the different DNA species is 

related inversely to their molecular weights, i.e., the larger the molecular weight, the slower the 

rate of migration. The advantage of gel electrophoresis is that DNA bands are readily detected 

at high sensitivity. Bands of DNA are stained with ethidium bromide dye, which on exposure to 

UV light give radish orange fluorescence.  

0.9% agarose gel (Table-2.42) was prepared in 0.5X TBE (Table-2.38) for the gel 

electrophoresis of total cell lysate. Then ethidium bromide (2.5 l) was added into the gel. 

http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Russell%20AD%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstractPlusDrugs1
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Molten gel was poured between two glass plates, which were held close to each other with the 

help of spacers and clumps. After pouring the gel, a comb was placed at the top in order to 

make wells for loading the samples. Plates were fixed on gel apparatus, which has two 

reservoirs.  

 For preparation of bacterial samples bacterial growth (loopful) was picked from fresh 

cultures and suspended in 100 l of lysis buffer (Table-2.39). Bacterial samples were loaded in 

the wells of vertical gel and overlaid by 100 l of SDS buffer (Table-2.40) and 100 l of 

overlying buffer (Table-2.41). Wells were sealed with 0.9% molten agarose. Two reservoirs of 

the gel apparatus were filled with 0.5 X TBE buffer so that continuous current should pass 

through it. A current of 50 volts was supplied for the first half an hr. During this time period 

SDS buffer migrated through the bacterial suspension and the cell lysed. With the lysis of cell, 

plasmid was released and started migrating into the gel, leaving DNA trapped in the wells of 

gel. After half an hr voltage was increased to 150 volts. Current was continued to pass till blue 

dye reached at the lower end of the gel. Plasmid DNA was observed under ultraviolet (UV) 

trans-illuminator. 

EXTRACTION OF PLASMID DNA (Sambrook and Russell, 2004) 

PREPARATION OF CELLS 

Bacterial culture was inoculated in 2ml of rich medium (L- Broth) and incubated overnight at 

37 C with vigorous shaking. 1.5ml of this culture was transferred into an microcentrifuge and 

centrifuged at 14000rpm for 5 minutes at 4 C. Supernatant was gently removed and the pellet 

was resuspended in 100 l of ice-cold alkaline lysis solution  (Table 2.46), vortex mixed until 

the whole pellet get dissolved. 200 l of freshly prepared alkaline lysis solution  (Table 2.49) 

was added to each bacterial suspension. Contents in eppendorfs were mixed by inverting the 

tube rapidly five times. Incubate on ice for another 5 minutes and 150 l of ice-cold alkaline 

lysis solution  (Table 2.51) was added. Alkaline lysis solution  was dispersed through the 

viscous bacterial lysate by inverting the tube several times. The eppendorfs were stored on ice 

for 3-5 minutes. Bacterial lysate was centrifuged at 14000rpm for 5 minutes at 4 C. Supernatant 

was shifted to a new eppendorf and two volumes of ethanol was added to precipitate the 

plasmid DNA. DNA precipitates were collected by centrifugation and pellet was washed with 

of 70% ethanol (Table-2.51). To recover DNA, centrifugation was done at 14000rpm for 2 

minutes at 4 C. In order to dry the pellet completely, the eppendorfs were left open at the room 
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temperature for half an hr. DNA pellet was either suspended in 50 l of water or 10XTE buffer 

(Table-2.52). Plasmid DNA was stored at ±20 C. 

GEL ELECTROPHORESIS OF PLASMID DNA 

Plasmid DNA was analysed by gel electrophoresis. Horizontal gels were used for this purpose. 

0.9% agarose gel (Table-2.42) was prepared in 0.5X TBE (Table-2.38). 5 l of ethidium 

bromide (5 gml
-1

) was added in the molten gel before pouring as well as in the running buffer. 

Molten agarose was allowed to cool in the horizontal electrophoresis chamber after positioning 

comb towards the left side. After polymerization of gel, comb was removed gently.  

Samples for loading the gel were prepared by mixing 5-10 l of bacterial plasmid DNA 

with 5 l of bromothymol blue. The samples were loaded into the wells of agarose gel. Two 

reservoirs of electrophoresis were filled with running buffer (Table-2.35) so that gel was fully 

submerged in it and a constant current of 80V was supplied until the blue dye reached the other 

end of the gel. Gel was removed from the chamber and was visualized under ultraviolet (UV) 

trans-illuminator/Gel Documenting System (SYNGENE, Bio Imaging System) for the presence 

of plasmid.  

CONJUGATION  

Genetic variability is essential for the evolutionary success of all organisms. In diploid 

eukaryotes, the processes of crossing over, the exchange of genetic material between 

homologous chromosomes, and meiosis contributes to this variability.  

Conjugation is conjugation, transduction and natural transformation. Each of these has its 

specific impact on the species. During conjugation, a piece of DNA is copied in one bacterium 

and transferred to another via a temporary connection, a conjugative pilus. In this way, for 

example, a particular gene that codes for resistance against antibiotics can be transmitted 

(Smeets and Vandenbroucke-Grauls, 2007). 

Plasmids may be conjugative or non-conjugative. Conjugative plasmids carry tra gene and 

can promote their own transfer to recipient strain. For conjugation and to characterize the 

presence of plasmid, broth mating technique of Willets (1998) was used. Escherichia coli K12 

strains DH5α and C600 were used as recipient strains. Both isolates including DH5α (F- 

φ80dlacZΔM15 Δ(lacZYA-argF)U169 deoR, recA1 endA1 hsdR17(rk – mk + phoA supE44 λ- 

http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Smeets%20LC%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstractPlusDrugs1
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Vandenbroucke-Grauls%20CM%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstractPlusDrugs1
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thi-1 gyrA96 relA1 ) and C600 (F
-
 tonA21 thi-1 thr-1 leuB6 lacY1 glnV44 rfbC1 fhuA1 λ

-
) 

were obtained form Birmingham‘s university, UK. 
 
 

For conjugation, E. coli K12 strains DH5α and C600 (recipients) and 100 µgml
-1 

of
 
 all

 

biocides resistant DUWL biofilm bacterial strains (donors) were grown in L- broth overnight at 

37 C. Conjugation mixture were prepared by taking 1ml of overnight recipient culture and 

0.5ml of donor cultures and vice versa. Mixtures were incubated at 37 C for 8-24 hr. After 

incubation 100 l of the appropriate dilutions of conjugation mixtures were plated on selective 

media plates. For control, recipient and donor cultures were also plated individually on 

biocides-antibiotic (100 µgml
-1 

of all
 
biocides, 300 µgml

-1
ampicillin for C600 and 500 µgml

-1
 

streptomycin for DH5α) selective plates. Plates were incubated for 24-48 hr at 37 C and results 

were recorded.
 

TRANSFORMATION 

In transformation, DNA that is located outside the cell is fragmented and imported into the cell, 

after which, via recombination, the DNA replaces a piece of original DNA in the chromosome 

of the host. Transformation is responsible for, among other things, antigen variation in the 

pneumococcal capsule. Transformation involves transfer of naked DNA from one bacterium 

(donor) into another bacterium (recipient) at certain stage of growth cycle. Uptake of DNA 

require a protein called competency factor to make recipient cell ready to bind DNA. Not all 

bacteria can take foreign DNA so they must be treated to become competent. Exponentially 

growing cells of E. coli were treated with divalent cation in order to make them permeable to 

DNA molecules. The bacterial cell membrane is permeable to chloride ion. These permeable 

cells are called as ‗competent cells‘. Competent cells take up plasmid easily which replicate 

these and so permit the transformed cells to grow on selective media (Smeets and 

Vandenbroucke-Grauls, 2007). 

E. coli strains DH5α (F- φ80dlacZΔM15 Δ(lacZYA-argF)U169 deoR, recA1 endA1 

hsdR17(rk – mk + phoA supE44 λ- thi-1 gyrA96 relA1) and C600 (F
-
 tonA21 thi-1 thr-1 leuB6 

lacY1 glnV44 rfbC1 fhuA1 λ
-
), obtained from Birmingham university, UK were made 

competent by the method of Thomas (1981). Briefly E. coli strains DH5α and C600 and 

biocides resistant (100 µgml
-1

) isolates  were grown in L- broth at 37 C for about 2-3 hr to 

capture mid log phase (OD, 0.2-0.4). 1.5ml of each of E. coli strains DH5α and C600 was 

centrifuged and obtained pellet was resuspended the pellet in 1ml 10mM NaCl (Table-2.54) 

http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Smeets%20LC%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstractPlusDrugs1
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Vandenbroucke-Grauls%20CM%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstractPlusDrugs1


 

 

75 

through vigorous vortexing. Again centrifugation at 14000rpm for 2 minutes, supernatant was 

discarded and pellet was resuspended 2ml of ice-cold 100mM CaCl2  (Table-2.55). Cells were 

placed on ice for 30 minutes. Afterwards, cells were collected by centrifugation and 

resuspended in 250 l of ice cold 100mM CaCl2 was added to the pellet. These competent cells 

were stored at 4 C.   For transformation, 100 l of competent cells were mixed with 5-10 of 

plasmid DNA extracted from biocide resistant strains and autoclaved distilled water (control) 

and incubated on ice for an hour. After one hour, mixtures were heat shocked at 42 C in water 

bath for two minutes and after adding 500 l of prewarmed (37 C) L-broth, were incubated at 

37 C for two hr. 50 l of each transformation mixture was plated on biocide supplemented 

plates and incubated at 37 C. After 24-48 hr, results were recorded for the appearance of 

transformants. 

ANALYSIS OF CELL WALL CONSTITUENTS OF BIOCIDES 

RESISTANT ISOLATES 

Resistance to biocides is mediated by impermeability, efflux (particularly in gram negative 

bacteria), biofilms, and enzymatic degradation. Impermeability is influenced by the composition 

of cell wall and the physiological adaptation of microorganism to its environment. Among 

bacteria, biocide sensitivity is based on the permeability of biocide through the cell wall; gram 

positive bacteria are more permeable and susceptible to biocides, whereas mycobacteria and 

gram negative bacteria, which have a more complex cell wall and least sensitive (Russell, 

2001).  

PREPARATION OF CELL WALL 

The effect of different temperatures (37°C and 45°C) and varying pH (7 and 9, at 37°C and 

45°C) on peptidoglycan (PG), teichoic acid and diaminopimelic acid (DAP) were observed after 

24 hr. All strains were cultured in L-broth and L-broth supplemented with 100 µg ml
-1

 of 

biocides overnight. The 100 µl from these cultures were then inoculated into fresh L-broth 

amended with 0 and 100 µg ml
-1

 biocides (pH 7 for temperature effect and pH 7 and 9 for 

studying pH effect). Cultures were grown with aeration
 
and shaking (150 rpm) at 37°C and 

45°C for 24 hr.  

Purified cell walls from bacterial cultures (control and biocide treated) were obtained by 

the method of Hancock (1994). Freshly harvested material was washed twice with 0.9% NaCl 

http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Russell%20AD%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Russell%20AD%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Russell%20AD%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstractPlus
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(Table-2.56) and centrifuged at high speed (10, 000rpm).  Washed cells were resuspended in 

0.9% NaCl and added gradually an equal volume of 4.5 % (w/v) SDS (Table-2.57) at 95°C with 

continuous mixing. Boiling and mixing is continued for 30 minutes with addition of 0.9% NaCl 

to maintain approximately constant volume. After cooling to room temperature, the pellet was 

washed with water several times, suspended in 500 µl of distilled water containing 0.02% Na-

azide (Table-2.65) and kept at 4°C. To obtain purified peptidogylcan, pellet was suspended in 

0.1 M potassium phosphate buffer, pH 7.4 (Table-2.62) and the suspension was incubated at 

37°C with 0.05% pancreatin. After centrifugation (90 minutes at 100,000 g) and washing with 

0.01 M Tris-HCl buffer, pH 7.4 (Table-2.63), the pellet was resuspended in the same buffer and 

incubated overnight at 37°C with 0.02% pronase. The pellet obtained after centrifugation was 

suspended in 0.02 M potassium phosphate buffer, pH 7.8 (Table-2.64), and incubated overnight 

with 0.02 % trypsin (Table-2.65). The suspension was centrifuged and washed several times 

with distilled water. The pellet was suspended in 500 µl of distilled water containing 0.02% Na-

azide (Table-2.66) and stored at 4°C until analysis. 

DETERMINATION OF PEPTIDOGLYCAN 

Following Leduce et al., (1989) and Gerhardt et al., (1994), bacterial cells were analysed for the 

peptidoglycan (PG) content. Ensuing Leduce et al., (1989), PG was purified.  For estimation of 

hexoamines, method of Morgan-Elson, as described by Gerhardt et al., (1994) was used. It is 

applicable to the estimation of total hexoamines in purified PG. All N-acetylated hexoamines 

react with P-dimethyl-aminobenzaldehyde to produce a red colour product. Purified cell walls 

(upto 3 mg) obtained were treated with 20 µl of 3N HCl (Table-2.67) and boiled at 95 °C for 4 

hr in sealed tubes. After cooling, 20 µl of 3 N NaOH (Table-2.68) was added to neutralize the 

cells. 30 µl of sample of each hydrlystae was transferred to a separate tube and 10 µl of 

NaHCO3 (Table-2.69) along with 10 µl of freshly prepared chilled acetic anhydrate (Table-

2.70) was added. Tubes were allowed to stand at room temperature for 10 minutes and mixture 

was boiled for 3 minutes in boiling water bath. 50 µl of 5% K2B4O7 (Table-2.71) was added and 

mixed. Again heat treatment was given for 7 minutes in boiling water bath. After cooling 0.7 ml 

of Morgan-Elson reagent (Table-2.72) was added and incubated at 37°C for 20 minutes. 

Absorbance was noted at 585 nm. The standard curve was made with by using glucosamine-

HCl subjected to same treatments as the experimental samples (Table-2.73). 

DETERMINATION OF TEICHOIC ACID 

Measurement of teichoic acid was done by the method of Chen et al., (1956). Bacterial 
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 digestion was carried out with ethanolic magnesium nitrate (Ames, 1966). 0.1 ml of digestive 

reagent i.e., ethanolic magnesium nitrate (Table-2.74) was added to 1 mg of purified cell wall in 

a boiling water bath. Until the samples are dry and no brown nitrogen dioxide is evolved. 0.3 ml 

of 0.05 M HCl (Table-2.75) was added and again samples are boiled to dryness. The digested 

reagent was thoroughly mixed with 3.9 ml of water and 4ml of color reagent (Table-2.76) and 

incubated at 37 °C for 90 minutes. Inorganic phosphate gives a blue color and a linear 

absorbance response at 820 nm was measured as amount of teichoic acid. Potassium dihydrogen 

phosphate (Table-2.60) subjected to the same digestion procedure as the experimental samples 

and used as standard for calibrating the assay. 

DETERMINATION OF DIAMINOPIMELIC ACID 

Following Work (1957), DAP was estimated. Dried bacterial cells (up to 5 mg) were 

hydrolysed with 1 ml of 4 N HCl (Table-2.77) at 100 for 16 hr, in screw capped reaction tubes. 

Theses conditions are usually sufficient to hydrolyse the peptidoglycan completely. After 

cooling, 0.5 ml of digested samples was diluted with 0.5 ml of acetic acid and 0.5 ml of 

ninhydrin reagent (Table-2.78). Mixtures were heated at 100 for 5 minutes and 3.5 ml of acetic 

acid was added in treated samples. The acidic ninhydrin produced yellow colored product with 

diaminopimelic acid which was read at 440 nm.  

16S rRNA SEQUENCING AND LuxS GENE AMPLIFICATION 

DNA ISOLATION (Genomic isolation kit Biorad #  732-6340) 

After 24 hr growth the bacterial cultures were taken in 1.5 ml microtube. Harvested at 14, 000 

rpm for 5 minutes, the supernatant discarded. The pellet was suspended in 300 l of DNA lysis 

solution. Samples were incubated at 80 C for 5 minutes to lyse cells. Cooled the cells to room 

temperature and 100 l of protein precipitation solution was added to lysed cells to precipitate 

protein, vortexed vigorously at high speed for 20 seconds. Discard the protein pellet and poured 

off the supernatant containing the DNA in to new microtube. 300 l of 100% isopropanol was 

added in each microtube. Mixed the sample by inverting gently 50 times, centrifuged at 14, 000 

rpm for 1 minute: DNA was visible as a small pellet. Poured off supernatant and drained tube 

briefly on clean absorbent paper. 300 l of 70% ethanol added and inverted the tube several 

times to wash the DNA pellet. Centrifuged at 14, 000 rpm for 1 minute and then poured off the 

ethanol carefully. Inverted and drained the tubes on clean absorbent paper and allow to air dry 

for 10-15 minutes. 50 l of DNA hydration solution was added. Incubated samples at 65 C for 
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5 minutes. Vortexed at maximum speed, spun briefly to collect sample at the bottom of tube. 

DNA was stored at 4 C. 

GEL EXTRACTION OF AMPLIFIED DNA 

Three different kits were used for this purpose. 

By Ferments Kit # K 0513 

Volume of sample containg DNA was measured and 3 volume of binding solution was added to 

1 volume of the sample. 5 µl of resuspended silica powder suspension was added in each 

sample, mixed and vortexed. Incubated for 5 minutes at 55 C. Spun silica powder/DNA 

complex for 5 seconds to form a pellet, removed the supernatant. 500 µl of ice cold wash buffer 

was added, vortexed and spun for 5 seconds, poured off the supernatant. Repeated this 

procedure three times by completely resuspending pellet each time, after last washing remove 

the supernatant completely even by spinning and pellet was air dried for 10 minutes. DNA 

eluted into 20 µl of deionized distilled water and incubated at 55 C for 5 minutes. Elution step 

was repeated in 20 µl of deionized distilled water and stored at 4 C. 

Q1Aquick Gel Extraction Kit (Cat. # 28704, Qiagen, inc.). 

PCR product was run on low-melt agarose gel in TBE buffer, the fragment was excised with a 

clean and sharp scalpel by minimizing the size of the gel slice. Extra gel was removed and 

excised fragment was placed in a clean microtube. The gel sliced was weighed and 3 volumes 

of buffer ―QG‖ added to 1 volume of gel, by converting the weight of gel (100 mg ~ 100 µl) in 

to volume, for every mg of gel 3 volume of buffer QG was added in microtube and incubated it 

at 50 °C for 10 minutes (until gel sliced was completely dissolved), Gel was dissolved 

completely by vortexing the tube every 2-3 minutes during the incubation. After the gel sliced 

dissolved completely, the color of the mixture was checked as to be yellow, so as to maintain 

pH ≤ 7.5 for DNA binding. The contents were shifted to a Q1Aquick spin column while 

keeping it in 1.5 ml microtube. The binding of DNA was done after centrifugation for 1 minute 

at 13, 000 rpm. The flow through was discarded and Q1Aquick column was placed back in the 

same microtube. 0.5 ml of buffer QG was added to Q1Aquick column and centrifuged for 1 

minute to remove all the traces of agarose. The washing was performed by adding 0.75 ml of 

buffer ―PE‖ to Q1Aquick column, kept the column standing for 2-5 minutes after addition of 

buffer PE and 1 minute centrifugation at 13, 000 rpm. The flow through was discarded and 

centrifuged the Q1Aquick column for an additional 1 minute at 13, 000 rpm, so that the residual 
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ethanol from buffer PE should be completely removed. The Q1Aquick column was placed into 

a clean 1.5 ml microtube. 50 µl of buffer ―EB‖ (10mM Tris-Cl, pH 8.5) or water was added to 

the center of Q1Aquick membrane of the column and centrifuged for 1 minute. The eluted 

contents were concentrated to approximately 25µl, the elution was checked on gel by running 

upto 5 µl. DNA was stored at -20 °C until use. 

Gen elute PCR clean up kit (Sigma, 1020) 

Gen elute miniprep binding column was transferred into provided collect tube. 0.5 ml of column 

preparation solution (C-2112) was added and centrifuged at 12 × g (≈ 14, 000 rpm) for 30 

seconds. Elute was discarded and 225 µl of binding solution (B-7556) was added to 45 µl PCR 

reaction solution. Transfer this to binding column. Centrifuge at 14, 000 rpm for 1 minute. After 

discarding elute, centrifuge again at 14, 000 rpm for 2 minutes to remove excess elute. 50 µl of 

elution buffer (E-7777) was added to center of binding column, incubated at 20 for 1 minute 

and centrifuged again at 14, 000 rpm for 1 minute. The elution was checked on gel by running 

up to 5 µl and eluted DNA was stored at -20 °C. 

POLYMERASE CHAIN REACTION 

PCR was performed in a Perkin-Elmer (USA) thermal cycler or Whatman Biometra (Germany) 

thermal cycler. PCR was performed in
® 

MASTERCYCLER 5333 eppendorf, Version 2.30.33-

99 under standard conditions. Two genes i.e., 16 S rRNA and LuxS were amplified. For all the 

genes the template DNA used was 100 ng. After mixing primers (Table-2.79) and other 

ingredients of PCR (Table-2.80, A) in amplification tube, it was placed in thermoblock of 

thermocycler, fitted with heated lids. Nucleic acid was amplified using dentauration, annealing, 

Extension time duration and temperatures as given in Table-2.80, B. The program was 

according to the primer used. Attempt was made to optimize the conditions and temperatures as 

they were specified. 

SEQUENCING 

The amplified fragments of two genes were purified with Fermentas kit # k 0513, Q1Aquick 

Gel Extraction Kit (Cat. # 28704, Qiagen, inc.) or Gen elute PCR clean up kit (Sigma, 1020) 

and sequenced at http://www.shef.ac.uk/medicine/research/corefacilities/genetics.html. 

Obtained data was analysed and meaningful data was further processed. 

http://www.shef.ac.uk/medicine/research/corefacilities/genetics.html
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BLAST (BASIC LOCAL ALIGNMENT SEARCH TOOL) ANALYSIS 

The sequences obtained were compared with known sequence using BLAST (Altsch et al., 

1997). The sequence data then submitted to GenBank, in order to obtain the accession numbers 

for the sequenced gene fragments. 

BIOFILM SPECIFIC CHARACTERIZATION OF BIOCIDES 

RESISTANT DUWL ISOLATES 

Quorum sensing (QS), the regulation of gene expression by producing
 
and responding to 

secreted autoinducers (AIs) whose concentrations
 
reflect the population density commonly 

exists in bacteria.
 
Gram-negative bacteria use acylated homoserine lactones as AIs and gram-

positive bacteria use oligopeptides (Fuqua et al., 2001). Generally, each bacterial species
 
uses 

its own signal; however, a common AI-2 signal has been
 

discovered for interspecies 

communication (Xavier and Bassler, 2003). Autoinducer-2 (AI-2) is the only species-

nonspecific autoinducer known in bacteria and is produced by both Gram-negative and Gram-

positive organisms. Consequently, it is proposed to function as a universal quorum-sensing 

signal for interaction between bacterial species. Recent studies indicate that AI-2 is able to 

regulate a range of genes and cellular processes (Stevenson and Babb, 2002). Evidence has 

shown that AI-2 is involved in mixed-species biofilm formation (McNab et al., 2003) and 

interspecies gene regulation (Fong et al., 2001). 

   Six biocide resistant strains identified by 16s rRNA gene sequencing were studied in 

detail for AI-2 dependent Quorum sensing (QS) assay and biofilm formation capability. 

Furthermore, effect of Quorum sensing inhibitory compounds (QSIs) and biocide (EDTA) was 

tested alone as well as in combined form on the AI-2 assay and biofilm forming capability of 

isolates. 

SCREENING FOR AI-2 DEPENDENT QS ASSAY AND EFFECT OF QSIs 

ALONE AND/COMBINED WITH EDTA 

BACTERIAL STRAINS AND CULTURE MEDIA 

Klebsiella sp. (GenBank accession no. DQ989215), Bacillus subtilis (DQ989210), Bacillus  

cereus (DQ989214), Pseudomonas aeruginosa (accession No= DQ989211), Achromobacter 

xylosoxidans (DQ989213) and Achromobacter sp. (DQ989212) biofilm isolates from dental 

http://iai.asm.org/cgi/content/full/72/9/5506?view=long&pmid=15322055#R16#R16
http://jb.asm.org/cgi/content/full/187/8/#R41
javascript:popRef('b30')
javascript:popRef('b37')
javascript:popRef('b36')
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settings were grown in L-broth (LB) medium and LB medium supplemented with 0.5 % (w/v) 

glucose (LBG). The pH of LB and LBG medium was adjusted to 7 with NaOH after buffering 

with 10 mM HEPES (Fisher Scientific, UK). The recipe for autoinducer bioassay (AB) medium 

(Table-2.87) has been reported by Greenberg et al., (1979). All cultures were grown at 37°C. V. 

harveyi strain BB170 (luxN::Tn5 sensor 1− sensor 2+) was grown in AB medium overnight at 

30°C as described previously (Greenberg et al., 1979).  

GENERATION OF CELL FREE CULTURE SUPERNATANTS (CFCS) AND AI-2 

BIOASSAY 

All strains were cultured were cultured in LB and LBG medium overnight. The early stationary-

phase cultures were then inoculated into fresh LB and LBG at a 1 : 100 dilution ratio and grown 

with aeration
  
and shaking (150 rpm) at 37°C. The culture supernatants were collected at various 

intervals, cell density was monitored by readings of optical density at 600
 
nm (OD600). Cell-free 

culture supernatant were prepared by centrifugation at 13000 rpm for 5 minutes (Z 231M, Hermle 

AG, Germany) and passed through a 0.22 µm filter (Nunc Scientific, UK) to remove cells. Cell-

free culture supernatants (CFCS) were stored at -20°C until analysis. CFCS preparations from 

V.
 
harveyi strains were prepared in the same manner, except that

 
the cells were cultured in AB 

medium at 30°C.  

The bioassay was performed as described previously (Xavier and Bassler, 2003). Briefly, 

the V. harveyi BB170 reporter strain was grown for 16 hr at 30°C in AB medium, and then 

diluted 1: 5000 in fresh AB medium. Cell-free culture supernatants (20 µl) of strains to be tested 

for AI-2 activity were then added to the diluted V. harveyi culture (180 µl) at a 10 % (v/v) final 

concentration. The cultures were incubated at 30°C and shaken, and light production was 

measured every 30 minutes with a luminometer (Genios Tecan, Austria). To determine
 
levels of 

background luminescence, 180 µl
 
of V. harveyi BB170 diluted 1: 5000 times and 20 µl of sterile

 

medium were added to multi-well plates. Positive and negative controls were included in all AI-2 

bioassays by adding CFCS from late-exponential V. harveyi BB 170 cultures or sterile AB 

medium to a final concentration of 10 % (v/v). AI-2 activity is reported as the decadic logarithm 

of the fold-induction
 
of the reporter strain over background or as the percentage of

 
activity 

obtained from V. harveyi BB170 CFCS. The experiments were conducted in triplicate, and each 

CFCS sample was analyzed twice. 

DOSE PREPARATION OF QUORUMS SENSING INHIBITORY COMPONDS 

(PATULIN AND PENICILLIC ACID) AND EDTA 

http://www.pnas.org/cgi/content/full/96/4/1639#B17#B17
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The development of therapies that interfere with AI-2 quorum sensing are attractive for targeting 

biofilms, which exhibit inherent resistance to most antibiotics and  biocidal agents. Ideally QSI 

compounds will silence QS-regulated phenotypes at nongrowth inhibitory concentrations; 

however, most compounds will be growth inhibitory at some concentrations. Recently patulin, 

penicillic acid were found to have growth inhibitory effect at concentrations of 6 and 31 

respectively (Rasmussen et al., 2005a, b).  

Patulin (Fischer scientific, UK) (Table-2.88) and stored at −20 °C, penicillic acid (Acros 

organics, New Jersey, USA) (Table-2.89) and stored at −20 °C. EDTA (Fischer chemicals, UK) 

(Table-2.90) was dissolved in sterile water and stored at room temperature.  In order to establish a 

dose-response relationship, patulin (C7H6O4; Acros, UK), penicillic acid (C8H10O4; Acros, UK) 

and EDTA (Fisher, UK) were studied alone and combined, and following concentrations were 

prepared: 2.5, 10, 25, 100 and 250 μM. Intial experiments with penicillic acid and EDTA 

indicated no effect on biofilm formation of isolates so in subsequent experiments we tested only 

250 μM concentration of penicillic acid plus EDTA (PA + EDTA). 

 

EFFECT OF QSIs AND EDTA ON PLANKTONIC GROWTH AND AI-2 BIOASSAY 

To investigate the effect of QSI and EDTA (alone and combined) on AI-2 production, a more 

detailed growth experiment was conducted. 96-well flat-bottomed polystyrene microtitre plates 

(JET Biochemicals Int Inc., Ontaria, Canada) were inoculated with 180 μl of working solution 

(1:100) and 20 μl of QSI alone and combined with EDTA at various concentrations as outlined 

above. Plates were transferred to Luminometer and OD595 was measured every 30 minutes till late 

late stationary phase. CFCF were collected and stored at -20°C. AI-2 bioassay was monitored as 

stated above. All experiments were conducted in triplicate. 

MONITORING BIOFILM FORMATION AND EFFECT OF QSI 

AND/COMBINED WITH EDTA 

MICROTITRE BIOFILM FORMATION ASSAY 

Biofilm formation was monitored following Christensen‘s et al., (1985) microtiter plate assaywith 

following modifications. 250 µl of overnight cultures in LBG medium were transferred to 25 ml 

fresh medium (1: 100). After vortexing, 200 μl were transferred into the wells of a polystyrene 



 

 

83 

tissue-culture-treated 96-well microtiter plate (Corning no. 3595, UK), covered with sealing tape 

and incubated aerobically at 30°C and 100 rpm. After 72, 120 and 175 hr, the growth medium 

was discarded and microtitre plate wells were washed twice with 200 μl of 0.85 % NaCl to 

remove loosely attached bacteria, and subsequently air dried for 30 minutes. The effect of fixation 

on experimental reproducibility was tested by adding 200 μl of 100 % methanol per well. Fixative 

was discarded after 15 minutes and plates were air dried until constant weight. The bound cells 

were stained with 200 μl of 0.1 % (v/v) crystal violet (CV) solution (Prolab Diagnostics, UK) for 

10 minutes at room temperature. Excess dye was removed by washing each well three times with 

200 μl of 0.85 % NaCl. Thereafter, the plates were dried at 30°C until constant weight. The 

quantification of attached cells was performed by adding 200 μl of 33 % (v/v) glacial acetic acid 

as a CV solvent. 100 μl from each well were transferred to a new microtiter plate and the OD563 

of dissolved CV measured in a microplate reader (BioTec, USA). Wells filled with sterile growth 

media were used as negative controls. Biofilm assays were performed in triplicate for all strains 

with six replicates per experiment. Averages and standard deviations were calculated for all 

repetitions of the experiment.  

 

EFFECT OF QSIs AND EDTA ON BIOFILM FORMATION 

QSI compounds and EDTA were tested alone and in combination to examine the biofilm 

formation capability of all strains in 96-well flat-bottom microtiter plates (Sero-wel, Bibby 

Sterilin Ltd., UK). Microtiter plates were inoculated and incubated as described above except that 

180 μl of working solution and 20 μl of QSI and / or EDTA solution was added to yield a final 

concentration of 0.25 – 25 μM. Negative and positive controls were included using only sterile 

growth medium and working solution, respectively. Experiments were carried out in triplicate. 

Plates were then sealed with sealing tape and incubated at 30 °C and 100 rpm for 72 hr. 

STATISTICAL ANALYSIS 

The Statistical Package for Social Sciences software (SPSS, version 11.5: SPSS Inc., Chicago, 

 IL, USA) and Microsoft Office Excel 2003 were used for data processing and data analysis. 

Means and standard errors of the means were calculated. The differences between the means of 

inoculated and control treatments under stress and stress free conditions were tested using 

Student‗t‘ test. A value of P < 0.05 was considered statistically significant. 



 

 

84 

Chapter 3 

 

EFFICACY OF BIOCIDES AGAINST DENTAL UNIT WATER 

LINE BIOFILMS AND ISOLATION OF BIOCIDES RESISTANT 

BACTERIA 
 

Microbial biofilm formation in dental unit water lines (DUWL) is common (Szymanska, 2003b) 

and contribute to high numbers of bacteria in the water used during dental treatment. The 

microrganisms found in the water phase are delivered mainly from the microbial community 

that establishes as a biofilm on the tubing (Walker and Marsh, 2007). These microbes are 

predominantly harmless but potentially pathogenic organisms can also be present in the biofilm. 

This may pose a potential health risk for patients and dental personnel (Franco et al., 2005) and 

should therefore be controlled. Several methods have been suggested to minimize microbial 

contamination in DUWL including flushing protocols and/or chemical treatments (Barbeau, 

2000; Franco et al., 2005). Walker et al., (2000) used an established biofilm laboratory model to 

simulate biofouling of DUWS to evaluate practical, cost-effective, and evidence-based methods 

of microbial decontamination. According to his findindings, flushing (without any 

biocide/disinfectant) did not reduce the biofilm coverage or TVC. Combizyme and ozone did 

not completely eliminate the viable bacteria (70 and 65% reduction in biofilm TVC, 

respectively), nor did they remove the biofilm (45 and 57% reduction in biofilm coverage, 

respectively). Chlorhexidine and Bio2000 (active agent: ethanol and chlorhexidine), Tegodor 

and Gigasept Rapid (aldehyde based), and Grotanol (hydroxide based) completely eliminated 

the TVC but did not completely remove biofilm (31, 53 33, 34, and 64.9% reduction of biofilm 

coverage, respectively). Other products including Grotanol Flussig (phenol based), Betadine 

(povidone-iodine based), Alpron (chlorite based), and the hydroxide-containing products 

Sporklenz, Sterilex Ultra, Dialox, Sterilox, Sanosil, Oxigenal, and Grotanat Bohrerbad resulted 

in a 100% reduction in the biofilm TVC and a >95% reduction in biofilm coverage (Walker et 

al., 2000). In another study by Decoret et al. (2005), hydrogen-peroxide disinfectant (Oxygenal) 

effectively controlled bacterial contamination in incoming water and prevented biofilm 

formation during daily use and over periods of inactivity. The standard (lower limit bacterial 

load < 200 cfu/mL) suggested by the American Dental Association for bacterial contamination 

of dental unit waterlines was achieved by using hydrogen peroxide continuously (Decoret et al., 

2005). The objective of this study is to determine the microbial contamination in DUWL tubing 

and to evaluate the efficacy of various biocides to control DUWL bacterial contamination by 

applying both culture independent (Flushing) and culture dependent techniques. Further the 

http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Walker%20JT%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstractPlusDrugs1
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Marsh%20PD%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstractPlusDrugs1
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Forde%20A%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Forde%20A%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstractPlus
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study is aimed at to isolate biocides resistant bacterial strains from DUWLs by using different 

techniques. 

SAMPLING OF DUWL TUBINGS 

Three tubing samples were obtained from Principle dental unit in Lahore, Pakistan. Tubing 

samples were obtained from three different sites of dental unit for sake of comparison of 

microbial contamination in dental settings. Three tubing samples were categorized as air water 

tubing (AWT), patient tubing (PT) and main water pipe (MWP) on the basis of their source. 

Characteristics of these tubing samples are given in Table-3.1.  

 

   Table-3.1. Characteristics of tubing samples and types of isolated strains  

Biofilm 

samples 

Source/Point of attachment Material At the time of sample 

collection 

Temperature 

(°C) 

Humidity 

AWT Narrow diameter tubings 

attached to dental chair used for 

flushing patient‘s mouth during 

treatment 

Black polyvenyl 

plastic 
37 55 

PT Small separate tubing samples 

used for patient treatment 

Opaque thick 

white plastic 36 60 

MWP Main water supply attached to 

the unit 

Light brown 

common plastic 42 39 

 

EXAMINATION OF EMBEDDED BIOFILM AND ANALYSIS OF BIOFOULING 

In order to determine the extent of biofouling, biofilm in tubing samples was embedded and 

fluorescent staining was performed. Images of embedded biofilm taken before treatment with 

biocides showed nearly complete (100%) biofilm coverage of all tubings (Figure-3.1A). Rod-

shaped and filamentous microrganisms were observed and often appeared as microcolonies or 

in debris scattered across the tubing surface. In addition, larger unicellular organisms 

resembling eukaryotes were found in some embedded biofilm samples (Figure-3.1A, MWP). In 

contrast, embedded biofilm of PT and AWT tubing showed continuous organic matrix  
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Figure-3.1 Epifluorescence microscopy of embedded biofilm in the different tubing 

samples (AWT, PT, and MWP) showing the presence of biofilm and efficiency of the 

biocides. (A) Thick presence of biofilm without treatment with any biocide. (B) Partial 

presence of biofilm after flushing all biocides simultaneously. (C) Near almost absence 

of biofilm after flushing with NaOCl plus Phe. 
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(Figure-3.1A). Images after treatment with all biocides showed numerous surface 

microrganisms (60% to 70%) in the biofilm and fewer patches on bare tubing (Figure-3.1B). 

 Images after treatment with NaOCl plus Phe showed fewer surface microrganisms (0% to 

2%) in the biofilm and numerous patches on tubing samples (Figure-3.1C). Images after 

treatment with all biocides showed numerous surface microrganisms (60% to 70%) in the 

biofilm and fewer patches on bare tubing. In contrast, no bacteria were viable on the inner 

surface of the tubing, implying that the entire biofilm have been removed and embedded. A 

high degree of biofouling on tubing surfaces was assessed that had been in use for an extended 

period without any treatment. Bacteria of distinct morphotype (cocci, rod and filamentous 

bacteria) were found in the matirix which were got isolated during the biofilm extraction 

procedure and suggesting that biofilm matrix is complex. 

DUWL BIOFILM EXTRACTION AND PERCENTAGE OF ISOLATED 

BACTERIAL STRAINS ON DIFFERENT AGAR MEDIA 

Biofilm samples were extracted from the three tubing samples (AWT, PT and MWP). Six 

different media i.e., Tryptone soya agar (TSA), L-agar, brolacin agar, MacConkey agar, Eosin 

methylene blue agar (EMB) and blood agar were used for the isolation of different bacterial 

strains from DUWL biofilm. 100µl of 10
-5 

dilution of these samples were plated on various 

solid media plates. All plates were incubated at 37 C for 24 hr. 

Air water tubing (AWT) sample 

On the basis of visual differences, two different types of colonies i.e., grey (47%) and light 

yellow (53%) were observed on TSA plate. Again two different types of colonies i.e., creamy 

(56%) and typical white color (44%) were recovered on L-agar medium plates. Whereas, three 

different types of colonies i.e., dull bluish green (13%), off white (50%) and off white with 

curled margin (38%) were observed on brolacin agar plates. Two different types of colonies i.e., 

light pink (57%) and pink (43%) were appeared on MacConkey agar plates. On EMB agar 

plates, three different types of colonies, grey (31%), yellow (31%) and off white (38%) were 

observed. Three different types of colonies i.e., Dull grey with 1-5mm zone of alpha-hemolysis 

(29%), mucoid grey with no hemolysis (47%) and opaque yellow glossy with 5 mm zone of 

beta hemolysis  (24%) were observed on blood agar plates (Table-3.2). 
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Table-3.2   Type and number of colonies from AWT, PT and MWP samples on five 

different media  

Biofilm 

samples 

Type of media 

used 
Type of colonies 

Number of 

different types of 

colonies 

Percentage 

(%) of 

colonies 

AWT 

 

TSA  
Grey 7 47 

Light yellow 8 53 

L-agar 
Creamy 25 56 

Typical white  20 44 

Brolacin agar 

Dull bluish green 1 13 

Off white 4 50 

white  3 38 

MacConkey 
Light pink  20 57 

Pink  15 43 

EMB 

Grey  10 31 

Yellow 10 31 

Off white 12 38 

Blood agar 

Dull grey, 1-5mm of alpha-hemolysis 5 29 

Mucoid  grey with no hemolysis 8 47 

Opaque yellow glossy with 5-mm of 

beta hemolysis 
4 24 

PT 

 

TSA 
Grey 15 42 

Light yellow 21 58 

L-agar 
Creamy 23 61 

Typical white  15 39 

Brolacin agar 

Dull bluish green 1 14 

Off white 3 43 

white  3 43 

MacConkey 
Light pink  5 33 

Pink  10 67 

EMB 

Grey  12 33 

Yellow 12 33 

Off white 12 33 

Blood agar  

 

Dull grey with 1-5mm zone of alpha-

emolysis 
2 29 

Mucoid  grey with no hemolysis 3 43 

Opaque yellow glossy, 2-5 mm of 

beta hemolysis 
2 29 

MWP 

TSA  
Grey 12 48 

Light yellow 13 52 

L- agar 
Creamy 16 55 

Typical white 13 45 

Brolacin agar 
Off white 3 43 

white  4 57 

MacConkey 
Light pink  14 50 

Pink  14 50 

EMB 
Grey  12 30 

Yellow 10 25 
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Off white 18 45 

Blood agar 

Dull grey with 1-5mm zone of alpha-

emolysis 
1 17 

Mucoid  grey with no hemolysis 2 33 

Opaque yellow glossy, 2-5 mm of 

beta hemolysis 
3 50 
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Patient tubing (PT) sample 

Among various colonies recovered from PT sample, two different types of colonies i.e., grey 

(42%), light yellow (58%) on TSA plates, two different types of colonies i.e., creamy (61%) 

and typical white (39%) were studied on L-agar plates. Three different types of colonies i.e., 

dull bluish green (14%), off white (43%), off white with curled margin (43%) were observed on 

brolacin agar. MacConkey agar plates resulted in two different types of colonies i.e., light 

pink with (33%) and pink (67%).  On EMB agar plates, three different colonies i.e., grey, 

yellow and off white, 33% each were observed. On blood agar plates, three different colonies of 

dull grey with 1-5mm zone of alpha-hemolysis, mucoid grey with no hemolysis and opaque 

yellow glossy with 2-5 mm zone of beta hemolysis in 29%, 43% and 29%, were observed 

respectively (Table-3.2). 

Main water pipe (MWP) sample 

Plating 100µl of 10
-5 

dilution of MWP sample on various media plates resulted in appearance of 

different colonies. Visual inspection of these indicated two different type of colonies i.e., grey 

(48%) and light yellow (52%) on TSA plates. Two different types of colonies i.e., creamy 

(55%) and typical white (45%) were noted on L-agar plates. Off white (43%), off white with 

curled margin (57%) were observed on brolacin agar plates. MacConkey agar plates resulted in 

two different types of colonies i.e., light pink and pink, each 50%.  On EMB agar plates, three 

different colonies i.e., grey (30%), yellow (25%) and off white (45%) were observed. Three 

different colonies of dull grey with 1-5mm zone of alpha-hemolysis, mucoid grey with no 

hemolysis and opaque yellow glossy with 2-5 mm zone of beta hemolysis in 17%, 33% and 

50%, were observed on blood agar plates respectively (Table-3.2). 

Morphological characterization of bacterial strains isolated from AWT, PT 

and MWP samples 

Morphologically different bacterial colonies which were recorded on seven different media i.e., 

TSA, L-agar, brolacin agar, MacConkey, EMB and blood agar were selected for further studies. 

The strains were designated according to source of samples. The colonies were further 

restreaked 3-4 times to obtain pure culture. For morphological characterization, 24 hr old 

bacterial cultures were used.  
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Total of 34 strains from AWT, 41 from PT and 35 from MWP samples were isolated. Some of 

the strains either lost their viability under laboratory conditions and subculturing. While some 

of them were found to be identical to the other isolates by visual inspection, hence were not 

processed further. Overall subculturing and purification from three tubing samples resulted into 

total 66 strains. From which, 19 strains were from AWT sample (AWT 1, AWT 2, AWT 3, 

AWT 10, AWT 13, AWT 14, AWT 16, AWT 21, AWT 24, AWT 25, AWT 26, AWT 27, AWT 

28, AWT 29, AWT 30, AWT 31, AWT 32, AWT 33, AWT 34), 29 isolates were left with PT 

sample (PT 1, PT 2, PT 3, PT 4, PT 5, PT 8, PT 10, PT 14, PT 15, PT 16, PT 17, PT 18, PT 19, 

PT 20, PT 21, PT 22, PT 23, PT 25, PT 26, PT 27, PT 29, PT 30, PT 321, PT 36, PT 37, PT 38, 

PTNP1, PTNPF, PT PA). while 18 strains (MWP 1, MWP 2, MWP 3, MWP 5, MWP 6, MWP 

9, MWP 11, MWP 12, MWP 13, MWP 14, MWP 15, MWP 16, MWP 18, MWP 31, 

MWPNPA, MWPNPB, MWPNPC, MWPNPD) were purified from MWP sample. These 66 

strains obtained were further studied morphologically (Table 3.3). 

COLONY MORPHOLOGY: 

Air water tubing (AWT) sample 

19 different types of colonies were recovered from AWT samples (Table-3.3). 

Colonies on TSA medium 

Two different colonies were isolated on TSA medium. Among these, AWT 1 was greyish in 

color and opaque. Shape of it was round with entire margin and flat elevation. Size was 0.4-0.5 

mm. Whereas, AWT 2 was light yellow in color and was smooth opaque. Regarding internal 

characteristics, it was smooth opaque. Colony was irregular in shape with irregular margin, 0.4-

0.5 mm size and flat elevation (Table-3.4).  

Colonies on L-agar medium 

Three different colonies were observed on L-agar medium. AWT 3 was creamy in color, 

smoothly textured, opaque with irregular shape and margin, Elevation was flat in this strain.  

colony was 0.5-0.6 mm in size. While the rest of two including AWT 10 and AWT 13 were 

typical white in color. AWT 10 was smooth opaque and round in shape. Margin was entire with 

flat elevation and size was in the range of 0.2-0.3 mm. AWT 13 colony was smooth and 

opaque. Shape was irregular with rhizoidal margin and flat elevation. Size was in the range of 

0.5-0.6 mm in diameter (Table-3.4). 
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Table-3.3. Isolation of designated strains from DUWL tubings on different media   

Biofilm 

samples 

Type of media 

used 
Colonies color Strain’s designation 

AWT 

 

TSA  
Greyish AWT 1 

Light yellow AWT 2 

L-agar 
Creamy AWT 3 

Typical white  AWT 10, AWT 13 

Brolacin agar 

Bluish green AWT 14 

Off white AWT 16a, AWT 21 

white  AWT 24 

MacConkey 
Light pink  AWT 25 

Pink  AWT 26 

EMB 

Grey  AWT 27 

Yellow AWT 29 

Off white AWT 30 

Blood agar 

Dull grey AWT 28, AWT 31 

Mucoid  grey  AWT 32, AWT 33 

Opaque yellow glossy  AWT 34 

PT 

 

TSA 
Grey PT 1, PT 2, PT 3, PT 4 

Light yellow PT 5, PT 8, PT 10, PT 14, PT 15 

L-agar 
Creamy PT 16, PT 17, PT 18 

Typical white  PT 19, PT 20, PT 21, PT 22, PT 23 

Brolacin agar 

Bluish green PT 25 

Off white  PT 26 

white  PT 27, PT 29 

MacConkey 
Light pink  PT 30 

Pink  PT 32 

EMB 

Grey  PT 36 

Yellow PT 37 

Off white PT 38 

Blood agar  

 

Dull grey  PTNP1 

Mucoid  grey  PTNPF 

Opaque yellow glossy PT PA 

MWP 

TSA  
Grey MWP 1 

Light yellow MWP 2 

L- agar 
Creamy MWP 3, MWP 5 

Typical white MWP 6 

Brolacin agar 
 Off white MWP 9, MWP 11, MWP 12 

white  MWP 13 

MacConkey 
Light pink  MWP 14, MWP 15 

Pink  MWP 16 

EMB 

Greyish  MWP 18 

Yellow MWP 31 

Off white MWPNPA 

Blood agar 

Dull grey  MWPNPB 

Mucoid  grey  MWPNPC 

Opaque yellow glossy MWPNPD 
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Colonies on Brolacin-agar medium 

Four different colonies were recovered on brolacin agar medium. Among these, AWT 14 had 

bluish green color and appeared as smooth transparent.  Irregular shape, irregular margin, 0.2-

0.3 mm size and flat elevation was observed in this strain. AWT 16a and AWT 21 bacterial 

isolates, both were off white in color. Colonies of both were opaque and smooth textured. 

Irregular shape with irregular margin, 0.4-0.5 mm size were observed. Elevation was raised in 

AWT 16a and flat in AWT 21. AWT 24 had white color and smooth translucent internal 

appearance. Irregular shape with filamentous margin, 0.2-0.3 mm size and raised elevation was 

noted in this isolate. AWT 25 was light pink, finely granular (internal characteristics), having 

round shape, entire margin, 0.2-0.3 mm size and flat elevation (Table-3.4). 

Colonies on MacConkey agar medium 

Only one colony isolated on MacConkey agar medium, AWT 26, however, was pink colored 

and smooth opaque internally. Other characteristics include round shape with entire margin, 

0.1-0.2 mm size and raised elevation (Table-3.4). 

Colonies on EMB agar medium 

Three different colonies were observed on EMB agar medium. Among these, AWT 27 was 

greyish in color and coarsely granular (internal characteristics). Colony was round shaped with 

entire margin, 0.2-0.3 mm size and raised elevation. AWT 29 had yellow color and was 

coarsely granular. Shape was irregular with irregular margin, 0.3-0.4 mm size and flat elevation. 

AWT 30 was off white with smooth texture and transluscent internally. Colony was irregular in 

shape, having filamentous margin, 0.1-0.2 mm size and raised elevation (Table-3.4). 

Colonies on Blood agar medium 

Among five colonies isolated on blood agar, AWT 28 was greyish in color and smooth, 

observed as opaque internally. Other characteristics include round shape, entire margin, 0.4-0.5 

mm size and raised elevation. AWT 31 was dull greyish with 1-5mm zone of alpha-hemolysis. 

Colony was round shaped with entire margin, 0.2-0.3 mm size, flat elevation and internal 

appearance of being smooth opaque. Other two colonies, including AWT 32, AWT 33 were 

mucoid grey (no hemolysis), having irregular shape, irregular margin, 0.2-0.3 mm size, flat 

elevation with internal characteristics of smooth opaque and smooth transparent, respectively. 

AWT 34 was opaque yellow glossy and smooth opaque in appearance. Irregular shape with 

filamentous margin, 0.3-0.4 mm size, flat elevation and 5 mm zone of beta hemolysis was noted 

in analyzing other characteristic features of AWT 34 (Table-3.4). 
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Patient tubing (PT) sample 

29 isolates were observed to be morphologically different from PT samples (Table-3.3). 

Colonies on TSA medium 

Nine different colonies were isolated on TSA medium. Among these three (PT 1, PT 3, PT 4) 

were greyish in color with round shape, entire margin and flat elevation. Colony size ranged 

from 0.2-0.3 mm in size. In PT 2, colony was grayish with irregular shape, irregular margin, 

0.4-0.5 mm size and raised elevation. Colony (PT 2) appeared as smooth opaque. Internal 

characteristics observed in other strains were smooth translucent (PT 1), finely granular (PT 3) 

and smooth transparent (PT 14). Five other colonies (PT 5, PT 8, PT 10, PT 14 and PT 15) on 

TSA medium were light yellow in color. Two of these including PT 8 and PT 10 had round 

shape, entire margin, 0.2-0.3 mm size and flat elevation. PT 8 appeared as smooth opaque while 

PT 10 was finely granular. The rest of three strains (PT 5, PT 14 and PT 15) exhibited irregular 

shape, lobate margin, 0.4-0.5 mm size and raised elevation. Internally strains appeared as 

coarsely granular (PT 5), finely granular (PT 14) and smooth translucent (PT 15) (Table-3.4).  

Colonies on L-agar medium 

Eight different colonies were observed on L-agar medium. Three colonies (PT 16, PT 17 and 

PT 18) were creamy in color, having round shape, entire margin, 0.2-0.3 mm size and flat 

elevation. Colonies of PT 16 were smooth and opaque. PT 17 was smooth transparent while PT 

18 was finely granular internally. Typical white colonies of PT 19, PT 20, PT 21, PT 22 and PT 

23 were observed on L-agar plate.  PT 21 and PT 22 had round shape, entire margin, 0.1-0.2 

mm size and raised elevation. PT 21 was smooth and opaque. While PT 22 was finely granular 

in internal appearance. Remaining two (PT 20 and PT 23), had irregular shape, erose margin, 

0.4-0.5 mm size. Internal characteristics of colonies were finely granular (PT 20) and smooth 

translucent (PT 23). PT 19, however, was smooth, opaque, had round shape, entire margin, 0.4-

0.5 mm size and raised elevation (Table-3.4). 

Colonies on Brolacin-agar medium 

Four different colonies were recovered on brolacin agar medium. Among these, PT 25 was 

 bluish green in color and had internal appearance of being smooth transparent. Other features 

include round shape, entire margin, 0.1-0.2 mm size and raised elevation.  PT 26 was off white 

in color and was coarsely granular. Colony was round in shape with entire margin, 0.2-0.3 mm 

size and flat elevation. PT 27 and PT 29 were white in color, had irregular shape with 
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filamentous margin, 0.3-0.4 mm size and raised elevation. Internal appearance of coarsely 

granular and smooth opaque was observed in two isolates (PT 27, PT 29) respectively (Table-

3.4). 

Colonies on MacConkey agar medium 

Among two colonies isolated on MacConkey agar medium, PT 30 was light pink and finely 

 granular, having round shape, entire margin, 0.1-0.2 mm size, raised elevation. PT 32, 

however, was pink colored, smooth transparent, having round shape, entire margin, 0.1-0.2 mm 

size and raised elevation (Table-3.4). 

Colonies on EMB agar medium 

Four different colonies were observed on EMB agar medium. Among these, PT 36 was greyish 

in color, having irregular shape, irregular margin, 0.4-0.5 mm size and flat elevation. It was 

smooth and opaque. PT 37 had yellow color with smooth textured and opaque. Round shape 

with entire margin, 0.1-0.2 mm size and raised elevation was observed in PT 37. PT 38 was off 

white in color, having irregular shape, had irregular margin, 0.1-0.2 mm size and raised 

elevation. Smooth and transparent colony was recorded in this isolate (Table-3.4). 

Colonies on Blood agar medium 

Among three colonies isolated on blood agar, PTNP1 was dull grey with 1-5mm zone of alpha-

hemolysis. Other characteristics include irregular shape, irregular margin, 0.2-0.3 mm size, 

raised elevation and texture of colony was finely granular. PTNPF was mucoid grey (no 

hemolysis), having arborescent shape, ramose margin, 0.2-0.3 mm size, flat elevation with 

internal appearance of smooth opaque. PT PA was opaque, yellow, glossy with 5 mm zone of 

beta hemolysis, had irregular shape, irregular margin, 0.2-0.3 mm size, flat elevation and 

smooth translucent internally (Table-3.4). 

Main water pipe (MWP) sample 

MWP sample resulted in 18 different colonies on the basis of morphological characterization 

(Table-3.3). 
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Table-3.4 Morphological characterization of bacterial strains isolated from air water 

tubing (AWT), patient tubing (PT) and main water pipe (MWP).  

Air water tubing (AWT) sample 

 

Strains Shape Margin Size (mm) Elevation Internal characteristics 

AWT 1 round entire 0.4-0.5 flat Smooth opaque 

AWT 2 irregular irregular 0.4-0.5 flat Smooth opaque 

AWT 3 irregular irregular 0.5-0.6 flat Smooth opaque 

AWT 10 round entire 0.2-0.3 flat Smooth opaque 

AWT 13 irregular rhizoidal 0.5-0.6 flat Smooth opaque 

AWT 14 Irregular irregular 0.2-0.3 flat Smooth transparent 

AWT 16a Irregular irregular 0.4-0.5 raised Smooth opaque 

AWT 21 Irregular irregular 0.4-0.5 flat Smooth opaque 

AWT 24 irregular filamentous 0.2-0.3 flat Smooth translucent 

AWT 25 round entire 0.2-0.3 flat Finely granular 

AWT 26 round entire 0.1-0.2 raised Smooth opaque 

AWT 27 round entire 0.2-0.3 raised Coarsely granular 

AWT 28 irregular irregular 0.4-0.5 flat Coarsely granular 

AWT 29 irregular irregular 0.3-0.4 flat Coarsely granular 

AWT 30 irregular filamentous 0.1-0.2 raised Smooth translucent 

AWT 31 round entire 0.2-0.3 flat Smooth opaque 

AWT 32 irregular filamentous 0.2-0.3 flat Smooth opaque 

AWT 33 irregular irregular 0.2-0.3 flat Smooth opaque 

AWT 34 irregular filamentous 0.3-0.4 flat Smooth opaque 

Patient tubing (PT) sample 

 

PT 1 round entire 0.2-0.3 flat Smooth translucent 

PT 2 irregular irregular 0.4-0.5 flat smooth opaque 

PT 3 round entire 0.2-0.3 flat Finely granular 

PT 4 round entire 0.2-0.3 flat Smooth transparent 

PT 5 irregular lobate 0.4-0.5 raised Coarsely granular 

PT 8 round entire 0.2-0.3 flat Smooth opaque 

PT 10 round entire 0.2-0.3 flat Finely granular 

PT 14 irregular lobate 0.4-0.5 raised Finely granular 

PT 15 irregular lobate 0.4-0.5 raised Smooth translucent 

PT 16 round entire 0.2-0.3 flat Smooth opaque  

PT 17 round entire 0.2-0.3 flat Smooth transparent 

PT 18 round entire 0.2-0.3 flat Finely granular 

PT 19 round entire 0.4-0.5 flat Smooth opaque  

PT 20 irregular erose 0.4-0.5 raised Finely granular 

PT 21 round entire 0.1-0.2 raised Smooth opaque  

PT 22 round entire 0.1-0.2 raised Finely granular 

PT 23 irregular erose 0.4-0.5 raised Smooth translucent 

PT 25 round entire 0.1-0.2 raised Smooth transparent 

PT 26 round entire 0.2-0.3 flat Smooth translucent 

PT 27 irregular filamentous 0.3-0.4 raised Coarsely granular 

PT 29 irregular filamentous 0.3-0.4 raised Smooth opaque  

PT 30 round entire 0.1-0.2 raised Finely granular 
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PT 32 round entire 0.1-0.2 raised Smooth transparent 

PT 36 irregular irregular 0.4-0.5 flat Smooth opaque 

PT 37 round entire 0.1-0.2 raised Smooth opaque 

PT 38 irregular irregular 0.1-0.2 raised Smooth transparent 

PTNP1 irregular irregular 0.2-0.3 raised Finely granular 

PTNPF arborescent ramose 0.2-0.3 flat Smooth opaque 

PT PA irregular irregular 0.2-0.3 flat Smooth translucent 

Main water pipe (MWP) sample 

 

MWP 1 irregular filamentous 0.2-0.3 flat Finely granular 

MWP 2 irregular undulate 0.2-0.3 flat Smooth transparent 

MWP 3 irregular filamentous 0.2-0.3 flat Smooth opaque 

MWP 5 irregular irregular 0.2-0.3 raised Smooth opaque 

MWP 6 round entire 0.01-0.02 raised Smooth transparent 

MWP 9 irregular irregular 0.3-0.4 flat Smooth opaque 

MWP 11 irregular irregular 0.3-0.4 flat Finely granular 

MWP 12 irregular filamentous 0.3-0.4 flat Smooth transparent 

MWP 13 circular entire 0.2-0.3 raised Smooth translucent 

MWP14 round entire 0.1-0.2 raised finely granular 

MWP15 irregular crenate 0.1-0.2 flat Smooth transparent 

MWP 16 irregular filamentous 0.4-0.5 flat Smooth opaque 

MWP 18 irregular irregular 0.4-0.5 flat Smooth opaque 

MWP 31 circular entire 0.1-0.2 raised Smooth opaque 

MWPNPA circular filamentous 0.2-0.3 flat Smooth opaque 

MWPNPB irregular irregular 0.2-0.3 flat Smooth opaque 

MWPNPC round entire 0.1-0.2 raised Smooth transparent 

MWPNPD Irregular Irregular 0.2-0.3 raised smooth transparent 
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Colonies on TSA medium 

Two different colonies were isolated on TSA medium. MWP 1 was greyish in color, having 

irregular shape, irregular margin, 0.2-0.3 mm size, flat elevation and internal texture of colony 

was finely granular. MWP 2 had light yellow color and was smooth transparent.  

Shape of colony was irregular with undulate margin, 0.2-0.3 mm size and raised elevation 

(Table-3.4).  

Colonies on L-agar medium 

Three different colonies were observed on L-agar medium.  MWP 3 and MWP 5 were creamy 

in color with irregular shape, 0.2-0.3 mm size and appeared as smooth opaque. Margins were 

filamentous (MWP 3) and irregular (MWP 5). MWP 3 was flatly elevated while elevation was 

raised in MWP 5. MWP 6 had transparent white color with smooth texture and transparent. 

Colony was round in shape with entire margin, 0.01-0.02 mm size and raised elevation (Table-

3.4). 

Colonies on Brolacin-agar medium 

Six different colonies were recovered on brolacin agar medium. Among these, MWP 9 and 

MWP 11 were off white in color, had irregular shape with irregular margin, 0.3-0.4 mm size 

and flat elevation. MWP 9 appeared as smooth opaque while MWP 11 appeared as finely 

granular. MWP 12 was off white in color, smooth and transparent. Shape of the colony was 

irregular with filamentous margin, 0.3-0.4 mm size and flat elevation. Smooth translucent white 

colored colony with circular shape, entire margin, 0.2-0.3 mm size and raised elevation was 

recorded in MWP 13. MWP 14 and MWP 15 were light pink, having irregular shape,  0.1-0.2 

mm size and flat elevation. Margins were crenate and filamentous in MWP 14 and MWP 15 

respectively. Internal appearance of finely granular (MWP 14) and smooth transparent (MWP 

15) were recorded in the two isolates (Table-3.4). 

 Colonies on MacC agar medium 

Only one colony isolated on MacC agar medium. Colony of MWP 16 was opaque, pink in color 

with smooth texture. Colony was irregular in shape with filamentous margin, 0.4-0.5 mm size 

and flat elevation (Table-3.4). 

Colonies on EMB agar medium 

Three different colonies were observed on EMB agar medium. Among these, colony of MWP 

18 was smooth, opaque and greyish in color. Colony was of irregular shape, irregular margin, 

0.4-0.5 mm size and flat elevation. MWP 31 was smooth, opaque, yellow in color, had circular 
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shape with entire margin, 0.1-0.2 mm size and raised elevation. MWPNPA was smooth, opaque 

off white and had circular shape, filamentous margin, 0.2-0.3 mm size and flat elevation (Table-

3.4). 

Colonies on Blood agar medium 

Among three colonies isolated on blood agar, MWPNPB was smooth, opaque, dull grey with 

 1-5mm zone of alpha-hemolysis. Other characteristics include irregular shape, irregular 

margin, 0.2-0.3 mm size and flat elevation. MWPNPC was smooth, transparent, mucoid grey 

(no hemolysis), had round shape, entire margin, 0.1-0.2 mm size and raised elevation. 

MWPNPD was smooth, transparent, yellow, glossy with 5 mm zone of beta hemolysis, had 

irregular shape, irregular margin, 0.2-0.3 mm size and raised elevation (Table-3.4). 

EFFICACY OF BIOCIDES 

Efficacy of biocides was monitored by two methods 

i). Efficacy of biocides by flushing through DUWL tubing  

ii). Efficacy of biocides by culture dependent method 

i). EFFECTS OF FLUSHING BIOCIDES ON BIOFILM VIABILITY AND COVERAGE 

Eight different biocides (5.25%, sodium hypocholrite; 35% H2O2, 4% tween 20, 1% povidine 

iodine, 0.2% chlorohexidine gluconate, 1% ethylene di-amino tetra acetic acid and 1% phenol) 

were tested in this study singly and in the combination of two (randomly) to monitor their 

effects on DUWL biofilm. In the end all the biocides were flushed through the tubing samples 

simultaneously. The average period of disinfection was 24-48 hr in each case. The total viable 

colony forming units were calculated on two media i.e., Tryptone soya agar (TSA) and Plate 

count agar (PCA). 

SDS, H2O2, Tw 20, EDTA, Phe and PI when flushed alone did not completely eliminate 

viable bacteria, nor did they efficiently remove the biofilm as compared to NaOCl and CHX 

which achieved almost 85%- 90% or more than 90% decrease in the three tubing samples on 

two media (PCA, TSA) respectively (Table-3.6). The % of viable CFU reduction of 16-42%, 

35-41%, 62% each, 56-62%, 89% each, 61-66%, 98-96%, 92-95%, 12-52%, 41-43%, in  
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Table-3.5        Levels of microbial contamination of DUWL tubings in the AWT, 

MWP, PT of a Principle dental unit 

Average number of biofilm microrganisms (CFU/ cm
2
) 

Treatment 
AWT PT MWP 

PCA TSA PCA TSA PCA TSA 
Control 6384 98 7201 66 5103 78 5923 15 7838 61 7210 93 

SDS 
5325 161  4292 184  3514 253  3641 136  4336 22  5247 299  

H2O2 4170 207  4217 205  2907 205  3496 305  2616  266  2920 212  

SDS+H2O2 2618 26  2766 201  2932 71  2774 171  1263 196  1513 227  

Tw 20 
2926 251  2620 145  3781 194  3684 207  3706 173  3731 224  

EDTA 
2833 149  2714 138  3826 133  2666 17  3328 118  2658 237  

Tw 

20+EDTA 
2813 109  2646 159  2517 193  2674 156  2448 307  3599 125  

NaOCl 
677 100  794 169  774 173  844 47  679 43  641 42  

Phe 
2477 116  2451 23  3696 150  4610 149  1323 86  1401 153  

NaOCl+Phe 
156 12  272 35  736 44  896 41  248 79  341 38  

CHX 
481 215  387 121  399 67  656 90  336 106  665 98  

PI 
3440 22  6792 52  3715 145  3463 113  3656 190  3695 245  

CHX+PI 
4100 93  4399 46  3362 54  3743 206  3748 166  3429 209  

All Biocides 
1637 66  2820 86  2441 113  2234 121  2541 257  2408 106  

                               P < 0.001, P < 0.01, P < 0.05 

                      Table-3.6       Percentage reduction of   biofilm CFU/cm
2
 after exposure to flushing 

(control) and biocides. 

% Reduction (CFU/ cm
2
) 

Treatment 

Tubing Samples 

AWT PT MWP 

PCA TSA PCA TSA PCA TSA 
Flushing Control)             

SDS 16 42 31 35 47 30 

H2O2 35 41 43 41 67 60 

SDS+ H2O2 61 62 39 57 84 79 

Tw 20 62 62 25 38 54 52 

EDTA 56 62 25 50 58 63 

Tw 20+EDTA 58 66 53 58 73 55 

NaOCl 89 89 85 86 91 91 

Phe 61 66 28 25 83 80 

NaOCl+Phe 98 96 86 85 97 95 

CHX 92 95 92 89 96 91 

PI 51 12 27 42 53 49 

CHX+PI 41 43 31 37 57 52 

All Biocides 60 64 50 57 67 64 
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AWT samples, 31-35%, 41-43 %, 25-38%, 25-50%, 85-86%, 25-28%, 89-92%, 27-42% in PT 

samples and 47-30%, 60-67%, 52-54%,  58-63%, 91% each, 80-83%, 91-96%, 49-53% in 

MWP sample by applying SDS, H2O2, Tw 20, EDTA, NaOCl, Phe, CHX, PI respectively on 

two media (PCA and TSA) (Table-3.6).  

However, random combination of two biocides i.e., SDS plus H2O2, Tw 20 plus EDTA, 

CHX+PI and NaOCl plus Phe resulted in more reduction in CFU/cm
2
 as compared to when 

biocides were flushed singly (Tabel-3.6) but no effective removal of biofilm adhering to the 

surface was observed in any case (Table-3.6). Maximum significant reduction (85-98%) in 

CFU/cm
2
 of three tubing samples was observed by applying combination of NaOCl plus Phe 

(Table-3.6). Complete removal of biofilm was observed in none of cases (Table-3.6). Flushing 

of all the eight biocides simultaneously did not completely eliminate viable bacteria (50-60% 

reduction in CFU/cm
2
) nor did they completely remove the biofilm (Table-3.6). 

Student‘t-test was applied to PCA and TSA for the three tubing samples and results were 

found to be either significant (p<0.01) or highly significant (p<0.001) for all biocides applied 

singly or in combined form (Table-3.5). 

ii). EFFICACY OF BIOCIDES BY CULTURE DEPENDENT METHOD  

Subculturing and purification of biofilm isolates from AWT, PT and MWP on different media 

resulted in the isolation of 66 morphologically different bacterial strains (Table-3.3). Eight 

biocides (5.25% NaOCl, 35% H2O2, 4%  tween 20, 1% PI, 0.2% CHX, 1% EDTA and 1% phe) 

were supplied again singly and in random combination in L- agar medium to monitor the 

efficacy of biocides and resistance profile of the 66 isolates. Almost all strains were resistant to 

100-500 μgml
-1

 concentration of biocides in single and combined form of two (Table- 3.7-3.11). 

However at 1000 μgml
-1 

resistance profile of isolates was changed both singly and in combined 

form.  

Supplementation of biocides in L-agar medium at 1000 μgml
-1 

resulted  in variation in 

resistance of AWT, PT and MWP isolates to eight biocides each (Table-3.7). AWT isolates 

showed resistance against PI (95%), CHX (53%), NaOCl (37%), Phe (74%), SDS (37%), H2O2 

(79%), Tw 20 (37%) and EDTA  (42%) (Table-3.7). Resistance profile of PT isolates indicated 

that % age resistance of isolates also varied to different biocides i.e., PI (90%), CHX (59%), 

NaOCl (10%), Phe (52%), SDS (69%), H2O2 (38%), Tw 20 (86%) and EDTA (24%). 89% of 

MWP isolates were resistant to PI, 28% to CHX, 6% (NaOCl), 39% (Phe), 44% (SDS), 56% 
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(H2O2), 56% (Tw 20) and 28% (EDTA) (Table-3.7). It is evident from the results that most 

effective biocides was NaOCl and EDTA in all isolates (comparatively) while least effective 

was PI (Table-3.7). 

Four biocides i.e two (SDS and CHX by flushing method) while two (NaOCl and EDTA 

by culture dependent method) were found to be effective in controlling DUWL contamination. 

Taking this in view, combination of each of these four biocides with rest of seven biocides were 

made. Resistance profile of all 66 isolates from three tubing samples was checked at 100, 500 

and 1000 μgml
-1 

of biocides in combined form of two. 
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Table-3.7        Resistance profile of 66 DUWL biofilm isolates against eight biocides supplied singly 

in L-agar medium. 

AWT 

Isolates 

 

Biocides (µgmL
-1

) 

PI CHX NaOCl Phe SDS H2O2 Tw 20 EDTA 

AWT 1 1000 1000 500 1000 1000 1000 1000 1000 

AWT 2 1000 1000 1000 1000 1000 1000 1000 1000 

AWT 3 1000 1000 1000 1000 1000 1000 1000 1000 

AWT 10 1000 1000 1000 1000 1000 1000 1000 1000 

AWT 13 1000 1000 500 1000 1000 1000 1000 1000 

AWT 14 1000 1000 500 1000 500 1000 1000 1000 

AWT 16 1000 100 500 1000 100 100 100 500 

AWT 21 1000 100 500 1000 100 100 100 500 

AWT 24 1000 100 500 1000 100 1000 100 500 

AWT 25 1000 1000 500 1000 1000 1000 1000 1000 

AWT 26 1000 1000 500 500 100 1000 100 500 

AWT 27 1000 100 500 500 100 1000 100 500 

AWT 28 1000 100 500 500 100 500 100 500 

AWT 29 1000 1000 1000 1000 1000 1000 100 1000 

AWT 30 1000 100 1000 500 100 100 100 500 

AWT 31 1000 1000 1000 1000 500 1000 500 500 

AWT 32 1000 100 1000 1000 100 1000 100 500 

AWT 33 1000 100 500 1000 100 1000 100 500 

AWT 34 500 100 500 500 100 1000 100 500 

PT Isolates 

PT 1 1000 500 500 500 100 1000 500 500 

PT 2 1000 1000 500 500 1000 1000 1000 1000 

PT 3 1000 100 500 1000 100 100 1000 500 

PT 4 1000 100 500 1000 1000 100 1000 500 

PT 5 1000 1000 500 1000 1000 1000 1000 1000 

PT 8 1000 1000 500 1000 1000 1000 1000 500 

PT 10 1000 500 500 1000 1000 100 1000 500 

PT 14 1000 500 500 1000 100 100 100 500 

PT 15 1000 1000 500 500 1000 1000 1000 500 

PT 16 1000 500 500 1000 100 1000 500 500 

PT 17 1000 1000 500 1000 1000 500 1000 500 

PT 18 1000 1000 500 500 1000 1000 1000 500 

PT 19 1000 500 500 500 1000 1000 1000 500 

PT 20 1000 500 1000 500 1000 100 1000 1000 

PT 21 1000 500 100 500 500 1000 1000 500 

PT 22 500 1000 500 1000 1000 100 1000 500 

PT 23 1000 1000 500 1000 1000 1000 1000 1000 

PT 25 1000 1000 500 1000 1000 500 1000 500 

PT 26 1000 1000 1000 1000 1000 100 1000 500 

PT 27 500 1000 500 500 1000 100 1000 1000 

PT 29 1000 1000 500 500 1000 500 1000 500 

PT 30 1000 1000 500 500 1000 100 1000 500 

PT 32 1000 1000 500 500 100 100 1000 500 

PT 36 1000 500 500 1000 100 1000 100 500 
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PT 37 1000 500 500 500 100 100 1000 500 

PT 38 1000 1000 500 500 1000 100 1000 500 

PTNP1 1000 1000 500 500 1000 100 1000 1000 

PTNPF 1000 500 1000 1000 500 500 1000 1000 

PT PA 500 1000 500 1000 1000 500 1000 500 

MWP Isolates 

MWP 1 1000 500 500 500 500 1000 500 500 

MWP 2 1000 500 500 1000 1000 1000 1000 500 

MWP 3 1000 1000 500 1000 1000 1000 500 500 

MWP 5 1000 500 500 1000 1000 1000 500 1000 

MWP 6 1000 1000 500 1000 1000 1000 500 500 

MWP 9 1000 1000 500 500 1000 500 1000 500 

MWP 11 1000 500 500 500 100 1000 1000 500 

MWP 12 1000 500 100 500 100 1000 1000 500 

MWP 13 1000 500 100 500 1000 500 500 1000 

MWP14 1000 1000 100 1000 100 1000 1000 1000 

MWP15 1000 500 500 500 1000 500 500 500 

MWP 16 1000 100 500 500 100 500 500 500 

MWP 18 1000 100 100 500 500 1000 1000 500 

MWP 31 1000 100 1000 500 100 1000 1000 500 

MWPNPA 1000 100 100 1000 100 500 500 500 

MWPNPB 500 500 500 1000 1000 500 1000 1000 

MWPNPC 500 100 500 500 100 500 1000 500 

MWPNPD 1000 1000 100 500 500 500 1000 1000 

 

Table-3.8  Resistance profile of 66 DUWL biofilm isolates against eight biocide supplied in 

combined form of two (NaOCl plus all biocides) in L-agar medium 

AWT 

Isolates 

 

Biocides (µgmL
-1

) 
NaOCl 

+EDTA 

NaOCl  

+Tw 20 

NaOCl 

+SDS 

NaOCl 

+PI 

NaOCl 

+Phe 

NaOCl 

+CHX 

NaOCl 

+H2O2 

AWT 1 1000 1000 1000 1000 1000 500 1000 

AWT 2 1000 500 1000 1000 1000 1000 1000 

AWT 3 1000 500 1000 1000 1000 1000 1000 

AWT 10 1000 500 1000 1000 1000 1000 500 

AWT 13 1000 500 1000 1000 1000 100 500 

AWT 14 1000 500 1000 1000 1000 1000 500 

AWT 16 500 500 500 500 500 100 1000 

AWT 21 500 500 500 500 500 100 1000 

AWT 24 1000 1000 500 1000 500 1000 1000 

AWT 25 500 500 1000 500 1000 100 1000 

AWT 26 1000 500 1000 500 1000 100 1000 

AWT 27 500 500 500 500 500 100 100 

AWT 28 500 500 500 500 500 100 1000 

AWT 29 500 500 500 500 500 100 1000 

AWT 30 1000 500 500 1000 1000 100 1000 

AWT 31 500 500 500 500 500 100 1000 

AWT 32 500 500 500 500 500 100 1000 
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AWT 33 500 500 500 500 500 100 500 

AWT 34 500 500 500 500 500 100 500 

PT Isolates 

PT 1 1000 100 1000 1000 1000 700 1000 

PT 2 1000 100 1000 1000 1000 1000 1000 

PT 3 100 100 1000 1000 1000 100 500 

PT 4 100 100 1000 1000 1000 100 500 

PT 5 1000 100 1000 1000 1000 100 500 

PT 8 1000 100 1000 1000 1000 100 1000 

PT 10 1000 100 1000 1000 1000 1000 500 

PT 14 500 100 1000 1000 1000 100 500 

PT 15 1000 100 1000 1000 1000 100 500 

PT 16 1000 100 100 1000 1000 100 1000 

PT 17 1000 100 1000 1000 500 1000 1000 

PT 18 1000 100 1000 1000 1000 100 500 

PT 19 500 100 1000 1000 1000 100 100 

PT 20 500 100 1000 1000 1000 100 500 

PT 21 1000 100 1000 1000 1000 100 500 

PT 22 1000 100 1000 1000 1000 100 1000 

PT 23 1000 100 1000 1000 1000 100 100 

PT 25 1000 100 1000 1000 1000 100 100 

PT 26 1000 100 1000 1000 1000 100 1000 

PT 27 1000 100 1000 1000 1000 100 1000 

PT 29 1000 100 1000 1000 1000 100 500 

PT 30 1000 100 1000 1000 1000 100 500 

PT 32 1000 100 0 1000 1000 100 1000 

PT 36 1000 100 0 1000 1000 100 500 

PT 37 0 100 1000 1000 1000 100 1000 

PT 38 100 100 1000 1000 1000 100 1000 

PTNP1 100 1000 1000 100 500 100 1000 

PTNPF 1000 1000 1000 100 1000 1000 500 

PT PA 100 1000 1000 1000 1000 500 500 

MWP Isolates 

MWP 1 100 500 1000 1000 1000 100 100 

MWP 2 100 500 1000 1000 1000 100 100 

MWP 3 100 500 1000 1000 1000 0 100 

MWP 5 0 500 1000 1000 1000 100 1000 

MWP 6 100 100 0 1000 100 0 100 

MWP 9 100 100 0 1000 100 0 100 

MWP 11 100 100 1000 1000 500 0 1000 

MWP 12 100 500 1000 1000 1000 0 1000 

MWP 13 100 100 1000 1000 1000 100 1000 

MWP14 1000 100 1000 1000 1000 1000 1000 

MWP15 500 500 1000 1000 1000 700 1000 

MWP 16 500 100 100 1000 100 0 100 

MWP 18 100 500 500 1000 500 0 500 

MWP 31 1000 100 0 1000 100 0 100 

MWPNPA 100 1000 1000 1000 100 0 100 

MWPNPB 1000 500 1000 500 500 700 1000 
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MWPNPC 500 1000 1000 1000 1000 0 1000 

MWPNPD 1000 1000 1000 1000 1000 700 1000 

 

Table-3.9   Resistance profile of 66 DUWL biofilm isolates against eight biocides supplied in 

combined form of two (EDTA plus all biocides) in L-agar medium. 

AWT 

Isolates 

 

Biocides (µgmL
-1

) 
EDTA 

+Phe 

EDTA 

+Tw 20 

EDTA 

+SDS 

EDTA 

+PI 

EDTA 

+CHX 

EDTA 

+NaOCl 

EDTA 

+H2O2 

AWT 1 1000 1000 500 1000 1000 1000 1000 

AWT 2 1000 1000 500 1000 1000 1000 1000 

AWT 3 1000 500 500 1000 1000 1000 500 

AWT 10 1000 500 1000 1000 500 1000 500 

AWT 13 1000 500 1000 1000 500 1000 500 

AWT 14 500 500 500 1000 500 1000 500 

AWT 16 500 500 1000 1000 500 500 500 

AWT 21 100 0 0 1000 0 500 0 

AWT 24 100 0 0 1000 0 1000 0 

AWT 25 500 1000 1000 1000 500 500 500 

AWT 26 100 1000 100 1000 500 1000 500 

AWT 27 100 0 100 1000 500 500 1000 

AWT 28 100 0 0 1000 100 500 100 

AWT 29 500 1000 1000 1000 1000 500 100 

AWT 30 100 1000 100 1000 0 1000 100 

AWT 31 1000 1000 1000 1000 500 500 500 

AWT 32 100 0 100 1000 0 500 0 

AWT 33 100 100 100 1000 0 500 0 

AWT 34 100 0 100 1000 100 500 0 

PT Isolates 

PT 1 1000 1000 1000 1000 1000 1000 1000 

PT 2 1000 1000 1000 1000 1000 1000 1000 

PT 3 500 1000 1000 1000 1000 100 500 

PT 4 100 1000 1000 1000 1000 100 0 

PT 5 100 1000 1000 1000 1000 1000 0 

PT 8 100 1000 1000 1000 1000 1000 500 

PT 10 100 1000 1000 1000 1000 1000 500 

PT 14 100 500 1000 1000 100 500 500 

PT 15 100 500 1000 1000 100 1000 0 

PT 16 1000 1000 1000 1000 1000 1000 1000 

PT 17 1000 1000 1000 1000 1000 1000 1000 

PT 18 100 1000 1000 1000 1000 1000 0 

PT 19 100 500 1000 1000 500 500 100 

PT 20 1000 1000 1000 1000 1000 500 1000 

PT 21 100 500 1000 1000 1000 1000 100 

PT 22 500 500 1000 1000 1000 1000 1000 

PT 23 100 500 1000 1000 0 1000 1000 

PT 25 500 500 1000 1000 500 1000 1000 

PT 26 100 500 1000 1000 500 1000 500 
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PT 27 100 500 1000 1000 500 1000 500 

PT 29 500 500 1000 100 100 1000 100 

PT 30 500 1000 1000 1000 100 1000 500 

PT 32 100 500 1000 1000 100 1000 100 

PT 36 100 1000 0 1000 100 1000 100 

PT 37 100 500 1000 1000 100 0 500 

PT 38 100 500 1000 1000 100 100 1000 

PTNP1 100 0 0 1000 0 100 0 

PTNPF 1000 500 1000 1000 1000 1000 1000 

PT PA 1000 1000 1000 1000 1000 100 1000 

MWP Isolates 

MWP 1 100 100 0 1000 1000 100 500 

MWP 2 100 100 1000 1000 500 100 500 

MWP 3 100 100 1000 1000 1000 100 100 

MWP 5 100 100 1000 1000 1000 0 500 

MWP 6 100 100 0 1000 1000 100 100 

MWP 9 100 100 0 1000 1000 100 100 

MWP 11 100 100 100 1000 1000 100 100 

MWP 12 100 100 100 500 500 100 100 

MWP 13 100 100 1000 1000 100 100 500 

MWP14 500 1000 100 1000 100 1000 1000 

MWP15 1000 1000 1000 500 500 500 1000 

MWP 16 100 100 0 500 100 500 100 

MWP 18 100 100 1000 1000 100 100 100 

MWP 31 100 100 0 500 0 1000 1000 

MWPNPA 100 0 1000 1000 1000 100 0 

MWPNPB 1000 1000 1000 1000 1000 1000 1000 

MWPNPC 100 100 0 500 100 500 500 

MWPNPD 1000 100 1000 1000 1000 1000 1000 

 

Table-3.10        Resistance profile of 66 DUWL biofilm isolates against eight biocides 

supplied in combined form of two (CHX plus all biocides) in L-agar medium. 

AWT 

Isolates 

 

Biocides (µgmL
-1

) 
CHX 

+EDTA 

CHX 

+Tw 20 

CHX 

+SDS 

CHX 

+PI 

CHX 

+ H2O2 

CHX 

+NaOCl 

CHX 

+Phe 

AWT 1 1000 1000 1000 500 1000 500 1000 

AWT 2 1000 1000 1000 500 1000 1000 1000 

AWT 3 1000 100 1000 100 1000 1000 1000 

AWT 10 500 1000 500 500 1000 1000 1000 

AWT 13 500 1000 1000 1000 1000 100 1000 

AWT 14 500 1000 500 1000 1000 1000 0 

AWT 16 500 100 500 100 1000 100 1000 

AWT 21 0 100 0 100 0 100 1000 

AWT 24 0 1000 1000 1000 1000 1000 1000 

AWT 25 500 1000 1000 100 1000 100 0 

AWT 26 500 100 1000 500 1000 100 0 

AWT 27 500 1000 500 100 100 100 0 
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AWT 28 100 1000 500 500 1000 100 100 

AWT 29 1000 100 100 500 100 100 100 

AWT 30 0 1000 1000 500 100 100 1000 

AWT 31 500 0 500 100 100 100 1000 

AWT 32 0 100 500 100 100 100 0 

AWT 33 0 100 500 100 0 100 0 

AWT 34 100 100 500 100 1000 100 0 

PT Isolates 

PT 1 1000 1000 1000 1000 1000 100 1000 

PT 2 1000 100 1000 1000 1000 1000 1000 

PT 3 1000 1000 100 100 1000 100 100 

PT 4 1000 1000 100 100 1000 100 100 

PT 5 1000 100 100 100 1000 100 100 

PT 8 1000 1000 100 100 1000 100 100 

PT 10 1000 1000 100 100 0 1000 1000 

PT 14 100 100 100 100 0 100 100 

PT 15 100 100 1000 100 1000 100 100 

PT 16 1000 1000 1000 500 1000 100 1000 

PT 17 1000 1000 1000 1000 1000 1000 1000 

PT 18 1000 0 100 500 1000 100 1000 

PT 19 500 1000 1000 500 1000 100 100 

PT 20 1000 1000 1000 1000 1000 100 1000 

PT 21 1000 1000 100 500 1000 100 100 

PT 22 1000 1000 1000 500 1000 100 100 

PT 23 0 100 1000 500 1000 100 100 

PT 25 500 100 1000 500 1000 100 100 

PT 26 500 1000 1000 500 1000 100 1000 

PT 27 500 1000 100 100 1000 100 1000 

PT 29 100 1000 1000 100 1000 100 100 

PT 30 100 1000 100 100 1000 100 100 

PT 32 100 1000 1000 100 0 100 1000 

PT 36 100 1000 1000 100 0 100 100 

PT 37 100 0 100 100 1000 100 1000 

PT 38 100 100 100 100 1000 100 1000 

PTNP1 0 0 100 100 100 100 1000 

PTNPF 1000 1000 1000 1000 1000 1000 1000 

PT PA 1000 1000 1000 1000 1000 500 1000 

MWP Isolates 

MWP 1 1000 1000 100 0 1000 100 1000 

MWP 2 500 1000 1000 0 0 100 100 

MWP 3 1000 1000 100 100 0 0 1000 

MWP 5 1000 100 1000 100 1000 100 1000 

MWP 6 1000 100 100 0 0 0 100 

MWP 9 1000 0 100 0 0 0 0 

MWP 11 1000 1000 100 100 0 0 0 

MWP 12 500 100 100 0 100 0 0 

MWP 13 100 1000 1000 100 0 100 1000 

MWP14 100 1000 1000 100 1000 1000 1000 

MWP15 500 1000 1000 100 1000 700 1000 
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MWP 16 100 0 0 0 0 0 0 

MWP 18 100 1000 100 0 0 0 1000 

MWP 31 0 0 100 0 0 0 0 

MWPNPA 1000 1000 1000 100 0 0 1000 

MWPNPB 1000 1000 1000 100 100 700 1000 

MWPNPC 100 1000 0 100 0 0 1000 

MWPNPD 1000 1000 1000 100 100 700 1000 

 

Table-3.11        Resistance profile of 66 DUWL biofilm isolates against eight biocides 

supplied in combined form of two (SDS plus all biocides) in L-agar medium. 

AWT 

Isolates 

 

Biocides (µgmL
-1

) 
SDS  

+  EDTA 

SDS  

+Tw 20 

SDS 

+PI 

SDS 

+CHX 

SDS 

+NaOCl  

SDS  

+Phe 

SDS 

+H2O2 

AWT 1 500 1000 1000 1000 1000 1000 1000 

AWT 2 500 1000 1000 1000 1000 1000 1000 

AWT 3 500 1000 1000 1000 1000 500 100 

AWT 10 1000 1000 1000 500 1000 500 100 

AWT 13 1000 100 1000 1000 1000 500 1000 

AWT 14 500 100 1000 500 1000 500 1000 

AWT 16 1000 1000 1000 500 500 500 1000 

AWT 21 0 100 1000 0 500 0 100 

AWT 24 0 1000 1000 1000 500 0 100 

AWT 25 1000 1000 1000 1000 1000 1000 1000 

AWT 26 100 100 1000 1000 1000 1000 1000 

AWT 27 100 1000 1000 500 500 0 100 

AWT 28 0 1000 1000 500 500 0 1000 

AWT 29 1000 1000 1000 100 500 1000 1000 

AWT 30 100 1000 1000 1000 500 1000 100 

AWT 31 1000 100 1000 500 500 1000 1000 

AWT 32 100 0 1000 500 500 0 0 

AWT 33 100 100 1000 500 500 100 100 

AWT 34 100 0 1000 500 500 0 100 

PT Isolates 

PT 1 1000 1000 1000 1000 1000 1000 1000 

PT 2 1000 1000 1000 1000 1000 1000 100 

PT 3 1000 1000 1000 100 1000 1000 1000 

PT 4 1000 1000 1000 100 1000 1000 1000 

PT 5 1000 1000 1000 100 1000 1000 100 

PT 8 1000 1000 1000 100 1000 1000 1000 

PT 10 1000 500 1000 100 1000 1000 1000 

PT 14 1000 500 100 100 1000 500 100 

PT 15 1000 1000 1000 1000 1000 500 100 

PT 16 1000 1000 1000 1000 100 1000 1000 

PT 17 1000 1000 1000 1000 1000 1000 1000 

PT 18 1000 1000 1000 100 1000 1000 0 

PT 19 1000 1000 1000 1000 1000 500 1000 

PT 20 1000 1000 1000 1000 1000 1000 1000 
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PT 21 1000 1000 1000 100 1000 500 1000 

PT 22 1000 1000 1000 1000 1000 500 1000 

PT 23 1000 1000 1000 1000 1000 500 100 

PT 25 1000 1000 1000 1000 1000 500 100 

PT 26 1000 1000 1000 1000 1000 500 1000 

PT 27 1000 1000 1000 100 1000 500 1000 

PT 29 1000 1000 100 1000 1000 500 1000 

PT 30 1000 100 100 100 1000 1000 1000 

PT 32 1000 1000 1000 1000 0 500 1000 

PT 36 0 1000 1000 1000 0 1000 1000 

PT 37 1000 1000 1000 100 1000 500 0 

PT 38 1000 1000 1000 100 1000 500 100 

PTNP1 0 1000 1000 100 1000 0 0 

PTNPF 1000 1000 100 1000 1000 500 1000 

PT PA 1000 1000 1000 1000 1000 1000 1000 

MWP Isolates 

MWP 1 0 1000 0 100 1000 100 1000 

MWP 2 1000 100 0 1000 1000 100 1000 

MWP 3 1000 1000 0 100 1000 100 1000 

MWP 5 1000 100 1000 1000 1000 100 100 

MWP 6 0 100 1000 100 0 100 100 

MWP 9 0 100 1000 100 0 100 0 

MWP 11 100 100 1000 100 1000 100 1000 

MWP 12 100 1000 0 100 1000 100 100 

MWP 13 1000 100 1000 1000 1000 100 1000 

MWP14 100 1000 1000 1000 1000 1000 1000 

MWP15 1000 1000 1000 1000 1000 1000 1000 

MWP 16 0 100 1000 0 100 100 0 

MWP 18 1000 100 1000 100 500 100 1000 

MWP 31 0 100 1000 100 0 100 0 

MWPNPA 1000 1000 1000 1000 1000 0 1000 

MWPNPB 1000 1000 1000 1000 1000 1000 1000 

MWPNPC 0 1000 1000 0 1000 100 1000 

MWPNPD 1000 1000 1000 1000 1000 100 1000 
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              Table-3.12       All biocides resistant (100 μgml
-1

) strains from DUWL  

tubing’s biofilm 

STRAINS All Biocides (100 μgml
-1

) 

AWT 1 + 

AWT 2 + 

AWT 10 + 

AWT 13 + 

AWT 14 + 

AWT 16a + 

AWT 21 + 

AWT 25 + 

AWT 28 + 

AWT 33 + 

PT 1 + 

PT 2 + 

PT 16 + 

PT 19 + 

PTNPF + 

PT PA + 

MWP 14 + 

MWP 15 + 

MWPNPC + 

MWPNPD + 
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Combination of NaOCl with other biocides 

In AWT isolates, combination of NaOCl with other biocides resulted in variation of resistance 

level of isolates at different concentrations and combinations. The most effective combination 

was NaOCl plus CHX and majority of AWT isolates (68%) could resist against this 

combination upto 100 μgml
-1

.
 
While at

 
1000 μgml

-1 
concentration, NaOCl plus Tw 20 showed 

maximum reduction and only two isolates (AWT 1, AWT 21) could tolerate this combination. 

The least effective combination was NaOCl plus H2O2, resulted in 5% resistant isolates at 100 

μgml
-1 

and 68% resistant isolates at 1000 μgml
-1 

concentration (Table-3.8).  

In case of PT isolates, again NaOCl plus CHX and NaOCl plus Tw 20 were found 

significantly effective in reducing bacterial growth at higher concentration (1000 μgml
-1

). 90% 

of the isolates were able to tolerate combined form of NaOCl plus Tw 20 and 79% to NaOCl 

plus CHX upto 100 μgml
-1 

concentration. At 1000 μgml
-1

, three strains (PTNP1, PTNPF, PT 

PA) were resistant to NaOCl plus Tw 20 while four strains (PT 2, PT 10, PT 17, PTNPF) could 

tolerate to NaOCl plus CHX. In PT 37 (NaOCl plus EDTA) and in PT 32, PT 36 (NaOCl plus 

SDS) completely removed the growth of DUWL biofilm isolates (Table-3.8)  

In MWP isolates, combination of NaOCl plus CHX was most effective against bacterial 

isolates. 56% isolates were sensitive to this combination. While only 22 and 6% were able to 

tolerate this combination in agar medium upto 100 μgml
-1 

and 1000 μgml
-1 

respectively.   

compared to other combinations. MWP 5 was sensitive to NaOCl plus EDTA while other 

isolates including MWP 6, MWP 9 and MWP 31 were sensitive to NaOCl plus SDS. The least 

effective combination was NaOCl plus SDS in which total 72% of the strains showed resistance 

upto  1000 μgml
-1

 (Table-3.8). 

Combination of EDTA with other biocides 

Combination of EDTA with seven other biocides resulted in variation in effectiveness against 

bacterial isolates, isolated from different sources. In AWT isolates, the combined form of 

EDTA each with Tw 20, with SDS, CHX and H2O2 was observed to be effective. 32% strains 

were found to be sensitive to EDTA plus Tw 20, 16 % to EDTA plus SDS, 26 % to EDTA plus 

CHX and again 26% to EDTA plus H2O2.  However, the most effective combination was that of 

EDTA plus H2O2 in which only 16% isolates could resist against the highest concentration 

(1000 μgml
-1

) applied for this combination. Overall, majority of isolates (AWT 21, AWT 24, 

AWT 27, AWT 28, AWT 32 and AWT 34) were sensitive to EDTA plus Tw 20 (Table-3.9).  
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In PT isolates, combined form of EDTA with rest of seven biocides showed EDTA plus 

Phe as effective combination. 59% strains could tolerate this combination upto 100 μgml
-1

 

while 24% upto 1000 μgml
-1

. A second effective combination was EDTA plus H2O2, resulting 

in 38% resistant strains (1000 μgml
-1

), whereas 17% isolates were found to be sensitive to this 

combined form.  With other combinations, 3% strains were found to be sensitive to EDTA plus 

Tw 20, EDTA plus NaOCl; 7% to EDTA plus SDS and EDTA plus CHX. Resistant profile of 

isolates against two combinations (EDTA in combined form with Tw 20 and PI each) was very 

high. Except for PT 36, PT 37 (sensitive to EDTA plus Tw 20) and PT 29 (resist against EDTA 

plus PI upto 100 μgml
-1

), all could tolerate 1000 μgml
-1 

concentration of applied combination 

(Table-3.9).  

Regarding MWP isolates, applying combined form of EDTA with each of seven biocides, 

the EDTA plus Tw 20 was found to be effective combination. Only 6% strains were sensitive to 

this combination while 78% could tolerate upto 100 μgml
-1

 concentration.
 
EDTA plus phe was 

observed to be another effective combination and 78% isolates were resistant against this 

combination at 100 μgml
-1

 concentration, only 17 % could tolerate 1000 μgml
-1

 of 

concentration. EDTA plus SDS was also effective, since 33% isolates were sensitive to this 

combination, however 50% of rest of the strains could tolerate this combination upto 1000 

μgml
-1

. 6% isolates were found to be sensitive against combined from of EDTA with each of 

CHX, NaOCl and H2O2 at the highest concentration (100 μgml
-1

) testedd in this study (Table-

3.9).  

Combination of CHX with other biocides 

Combined form of CHX with each of seven biocides indicated CHX plus EDTA and CHX plus 

Phe as the best applied combinations in AWT isolates. 26 and 37 % strains were sensitive to 

these two combination. While 21 and 53% strains could tolerate to combined form of CHX with 

each of the two biocides (EDTA, Phe) upto 1000 μgml
-1

 concentration. Combination of CHX 

with PI and NaOCl was effective since only 16 and 26% strains were resistant against this 

combination upto 1000 μgml
-1

. However, no sensitivity profile was recorded against these two 

combinations. Other combinations including CHX plus Tw 20, CHX plus SDS, CHX plus H2O2 

were also effective. 5 % and 11% strains were sensitive against each of these combinations 

respectively, however, resistant profile of isolates against CHX plus Tw 20 and CHX plus H2O2 

was 53 and 63% respectively (1000 μgml
-1

), comparatively high than other combinations 

(Table-3.10).  
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In PT isolates, CHX plus NaOCl was effective and 14 % strains were sensitive but 83% 

isolates were able to tolerate 1000 μgml
-1 

concentration of this combination. Among other 

combinations, CHX in combined form with Tw 20 and EDTA were also effective. 7 and 10% 

strains were found to be sensitive to each of these two combinations but again resistant profile 

of isolates was high. 52 and 66% strains were resistant to 1000 μgml
-1 

concentration of their 

respective combinations.  Combination of CHX with NaOCl was able to reduce the resistant 

profile of isolates, resulting in 79% resistant isolates (1000 μgml
-1 

concentration), but was 

unable to inhibit the growth of any isolate completely (Table-3.10).  

Applying CHX in combination with other seven biocides resulted in CHX plus H2O2 and 

CHX plus NaOCl as the most effective combinations in MWP isolates. 61% and 56% strains 

were sensitive to these two combinations (CHX plus H2O2 and CHX each) while only 22 and 

6% could tolerate the highest concentration (1000 μgml
-1

) applied in this study. 17% strains 

were sensitive to CHX plus Tw 20, 11% (CHX plus SDS), 44% (CHX plus PI) and 28% (CHX 

plus Phe). However, 50, 67 and 61% isolates were resistant to CHX with each of EDTA, Tw 20 

and Phe at 1000 μgml
-1 

concentrations of these combinations (Table-3.10). 

Combination of SDS with other biocides 

SDS plus Phe was observed to be the most effective combination in AWT isolates, when SDS 

combination with seven of the biocides was tested. 32% strains were sensitive while 37% were 

resistant to 1000 μgml
-1 

concentration of this combination in L-agar medium. SDS plus EDTA 

and SDS plus Tw 20 also inhibited the growth and 16, 11% strains were found to be sensitive to 

these two combinations. Whereas, 32% strains were resistant to SDS plus EDTA and 58% to 

SDS plus Tw 20. 5% strains were sensitive to combined form of SDS with each of NaOCl and 

H2O2. SDS plus PI was found to be totally ineffective and 100% isolates were able to tolerate 

this combination upto 1000 μgml
-1 

concentration (Table-3.11).  

In PT isolates, SDS plus H2O2 was observed to be effective combination comparatively. 

By applying this combination, 10% strains were sensitive, while 66 % isolates were resistant 

upto 1000 μgml
-1

 concentration.  SDS plus EDTA completely removed the growth of isolates 

(PT 36, PT 37), SDS plus NaOCl (PT 32, PT 36) and SDS plus Phe (PTNP1). However, 93, 90 

and 48% strains were able to survive upto 1000 μgml
-1

concentration of each of their respective 

combinations (Table-3.11).  
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SDS plus EDTA and SDS plus PI were observed to be effective combinations in MWP 

isolates compared to the other combinations. 33 and 22% strains were sensitive to these two 

combinations. SDS plus Phe was effective in reducing the tolerance level of isolates upto 1000 

μgml
-1 

concentration (17% resistant isolates). However, 6% strains were found to be sensitive to 

this combination. 11, 17 and 17% strains were sensitive to combination of SDS with CHX, 

NaOCl and H2O2 respectively (Table-3.11).  

In case, when all the biocides were introduced into the media simultaneously (100 μgml
-

1
), and microbial growth was checked. Twenty different strains (Table-3.12) were observed to 

be resistant and isolated for further characterization and study. 

DISCUSSION 

Dental unit waterlines (DUWL) are an integral part of dental surgery equipment, supplying 

water as a coolant, primarily for air turbine and ultrasonic scalers. The great majority of bacteria 

that have been identified from DUWL are ubiquitous, although present in only low numbers in 

domestic water distribution systems, and can flourish as biofilms on the lumen surfaces of 

narrow-bore waterlines in dental units (Franco et al., 2005). DUWL contamination and its 

significance as a factor in nosocomial infection of patients and health care workers has stressed 

the risk to immunocompromized persons. Not only patients but also dentists and dental 

personnel are at risk of being infected with opportunistic pathogens such as Pseudomonas or 

Legionella species by means of cross-infection or after aerosol formation from water emanating 

from DUWL. The high level of contamination of DUWL tubings demonstrated in this study 

confirms the results of others (Linger et al., 2001; Walker et al., 2003; Franco et al., 2005). 

Several methods of decreasing the level of contamination in DUWL have been proposed, one of 

these being the use of biocides (i.e., compounds with lethal activity against living organisms). 

These are employed to a variable extent to remove the biofilm. Though, various biocides have 

now been used to reduce the number of bacteria delivered to the patient (Lee et al., 2001; 

Linger et al., 2001; Putnins et al., 2001; Pankhurst et al., 2005) and although these have been 

tested in a variety of settings, no multiproduct comparison in DUWL has been done until now. 

In this study, eight antimicrobial products were tested for their ability to eliminate/reduce the 

biofilm bacteria from dental setting. Furthermore, in order for a product to be considered for use 

in DUWS, it should be able to  satisfy the criteria devised by Walker et al. (2003) including (i) 

killing of bacteria in the water phase, (ii) killing of biofilm bacteria (since the biofilms are 

largely responsible for the high microbial load in the water phase), and (iii) removal of biofilm 

http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=161510#r33#r33
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from the surfaces (the reason for this is that a ―killed‖ biofilm could still act as a source of 

endotoxin, as well as allowing rapid recolonization of new, viable biofilm that could occlude 

the tubing). There may be important implications if the biofilms are not removed from the 

dental unit water line. Residual biofilm may facilitate the colonization of waterborne bacteria to 

existing cells (coaggregation), and subsequently contaminate fresh incoming water as well as 

provide a haven for human pathogens (Walker et al., 2003). The present study evaluates the 

efficacy of eight biocides (Table-2.10 i.e., 5.25%, sodium hypocholrite; 35% H2O2, 4% tween 

20, 1% povidine iodine, 0.2% chlorohexidine gluconate, 1% ethylene di-amino tetra acetic acid 

and 1% phenol) against DUWL biofilm and biofilm bacteria by culture independent (flushing) 

and culture dependent techniques (introducing biocides into media).  

As far as heterotrophic bacteria are concerned, the results of this study confirm that 

DUWL tubing samples are highly contaminated when dental units are in use for several months 

and are not decontaminated. According to the data gathered here, the amount of contamination 

in DUWL tubing samples differs greatly from one tubing sample to another; none of the 

samples had CFU/ml values lower than the limit imposed by the American Dental Association 

for the year 2000 (ADA Council on Scientific Affairs, 1999; Pederson et al., 2002). PT were 

observed to be more contaminated than AWT and MWP, primarily due to the high surface in 

the tubing and the character of fluid dynamics in narrow, smooth-walled waterlines (Goksay et 

al., 2008). 

It has been suggested that flushing of the waterlines may reduce the level of bacterial 

contamination of DUWL. Noce (2000) found that flushing of the waterlines for 2 min reduced 

the number of mean counts to the heterotrophic plate counts target limit. SDS, H2O2, Tw 20, 

EDTA, Phe and PI were not found to be very effective in decreasing TVC or in biofilm removal 

when flushed alone. However, in combination, SDS plus H2O2 and Tw 20 plus EDTA decreased 

the biofilm to certain extent. PI was found to be effective (P < 0.01) in decreasing the biofilm 

TVC but not in its removal from the tubing surface (whether applied alone or in combination). 

Our data are in agreement with those of Mills (2000) who reported that PI is an effective agent 

in decreasing but not eliminating DUWL bacterial contamination. 

Alkaline peroxide treatment might be beneficial because H2O2 has been recommended, 

and chelation of cations by EDTA is a possible treatment ploy (Zanetti et al., 2003). However, 

in this study, H2O2 and EDTA were unable to decrease the biofilm TVC when flushed for 48 hr. 

Interesting results have been obtained by testing the NaOCl and CHX alone (significant 
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reduction) and NaOCl in combined form with Phe against biofilm (only have 0-2% biofilm 

coverage on tubing samples). In fact, NaOCl or chlorine dioxide, is the most commonly 

employed biocide in water treatment plants and is effective in hospital cold- water systems 

(Montebugnoli and  Dolci, 2002), in particular in controlling Legionella proliferation (Meiller et 

al., 2000). Using a combined form of Phe plus NaOCl might form a product that not only 

dislodges the biofilm but also eliminates it. 

Chlorhexidine (CHX), a biguanide antimicrobial has a significant history of safe and 

efficacious use for oral health applications (Eley, 1999). The effects of CHX are based on its 

unique properties that include broad spectrum antimicrobial activity at low concentrations that 

persists over time. Clinical studies demonstrate significant improvements following CHX 

treatments on several indices of oral health (Loesche and Kazor, 2002; Quirynen et al., 2002; 

Herrera et al., 2003). In our study, CHX did not decrease the biofilm TVC, but it was effective 

in decreasing planktonic biofilm bacteria growth when administered alone or in combination 

because the intrinsic stability of biofilm leads to the inactivation of biocides. When all agents 

were compared with each other, the most effective products were NaOCl (Montebugnoli and  

Dolci, 2002) or CHX (alone) and NaOCl plus Phe (combined).  

Culture dependent technique was applied by preparing biocides supplemented plates at 

various concentrations alone as well as in combined form. Total 66 different bacteria (Table-

3.3), isolated from three tubing samples (AWT, PT and MWP) were tested against the biocides 

at concentrations of 100 µgml
-1

, 500 µgml
-1

 and 1000 µgml
-1

.  All strains could tolerate to 100 

µgml
-1

and 500 µgml
-1

concentration of biocides alone and in combined form so they were taken 

to higher level of biocides i.e., 1000 µgml
-1 .

 By adding biocides into the media alone at 1000 

µgml
-1 

concentration, overall, NaOCl and EDTA were found to be effective against DUWL 

biofilm isolates from all the three tubing samples. Resistant isolates 

http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B7GJ8-4DF47YM-1&_user=2248840&_rdoc=1&_fmt=&_orig=search&_sort=d&view=c&_acct=C000056732&_version=1&_urlVersion=0&_userid=2248840&md5=1f11a9f85b806da93d6034c24b719e1e#bib7#bib7
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B7GJ8-4DF47YM-1&_user=2248840&_rdoc=1&_fmt=&_orig=search&_sort=d&view=c&_acct=C000056732&_version=1&_urlVersion=0&_userid=2248840&md5=1f11a9f85b806da93d6034c24b719e1e#bib10#bib10


 

 

118 

 

 

   

                            AWT                                                                     PT                                   

                               

                                                                      MWP 

 

Figure-3.2   Percentage resistance strains isolated after exposure to 1000 µgml
-1

 

concentration of all biocides applied singly to 66 isolates obtained from 

dental tubings (AWT, PT and MWP).   
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Figure-3.3   Percentage resistance strains isolated after exposure to 1000 µgml
-1

  

concentration of  (a) NaOCl + each of seven biocides and (b) EDTA + each 

of seven biocides in combination with seven biocides against 66 isolates 

obtained from dental tubings (AWT, PT and MWP).   
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Figure-3.4   Percentage resistance strains isolated after exposure to 1000 µgml
-1

   concentration of 

(a) CHX+ each of seven biocides and (b) SDS + each of seven biocides against 66 

isolates obtained from dental tubings (AWT, PT and MWP).   
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observed against these two biocides (NaOCl, EDTA) were 8, 9% (AWT); 12, 6% (PT) and 2, 

8% (MWP) (Figure-3.2). H2O2 (9% PT resistant isolates) and CHX (8% resistant MWP 

isolates) were also observed to be effective. To further evaluate the efficacy of aforementioned 

two biocides (NaOCl and EDTA) and two other biocides (CHX and SDS), these were applied in 

combination with rest of seven biocides. CHX and SDS didn‘t show promising results in culture 

dependent method by applying singly but were effective against biofilm removal by flushing. 

So these were also tested in combined form. NaOCl  in combination with Tw 20 resulted in 4% 

(AWT) , 3% (PT) and 5% (MWP) resistant isolates while 9 (AWT), 3 (PT) and 2% (MWP) 

isolates were found to be resistant against combined form of NaOCl plus CHX at 1000 µgml
-1 

concentration (Figure-3.3a). 

Combined form of EDTA with Phe, H2O2 was found to be effective in controlling the 

resistance of AWT, PT and MWP isolates. 11%, 6%, 7% (AWT, PT, MWP) and 6%, 9%, 11% 

(AWT, PT, MWP) resistant isolates were observed by supplying EDTA in combination with 

two other biocides (Phe, H2O2) at 1000 µgml
-1 

concentration (Figure-3.3b). 6% (AWT), and 

again 6% (PT) resistant isolates were observed by supplying CHX plus PI combination in L-

agar medium while all MWP isolate were sensitive at 1000 µgml
-1 

concentration of this 

combination (Figure-3.3c). SDS with CHX resulted in 12 (AWT), 10 (PT) and 12% (MWP) 

resistant isolates. However, combination of SDS with Phe proved to be more effective in 

significant percentage reduction/ elimination (10% resistant) of AWT isolates, while 9% (PT) 

and 4% (MWP) isolates were noted as resistant at 1000 µgml
-1 

of concentration (Figure-3.3d). 

Combination of NaOCl with Tw 20 or EDTA, might have the NaOCl as active agent. It has 

already been observed that NaOCl works effectively to control microbial contamination in 

dental settings (Montebugnoli and Dolci, 2002). Another possibility is that combined form of 

NaOCl with EDTA may result in a compound with properties identical to Alpron, a disinfectant 

which had NaOCl and EDTA as active agents. It works effectively against DUWL bacteria and 

biofilm (Smith et al., 2002).  

EDTA, a divalent cation chelator, has been reported to be effective among microbial 

control technique in DUWLs (Walker and Marsh, 2007). In combined form of EDTA with 

H2O2, possibly EDTA act as chelator thus enhancing the efficacy of H2O2 against DUWL 

isolates. Alternatively combined form of H2O2 with EDTA might be equivalent dentasept, a 

disinfectant which contains 1% H2O2 as active agent. Dentosept has been shown to be highly 

effective in reducing TVCs and maintaining the microbial load to levels below 200 cfu/ml and 
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gave the most consistent and substantial antimicrobial effect over time (Walker and Marsh, 

2007).  

Chlorhexidine gluconate (Pankhurst et al., 1998), povidone iodine (Pankhurst et al., 

1998), sodium hypochlorite (Meiller et al., 2001), hydrogen peroxide (Decoret et al., 2005) 

have been employed to variable effects to remove the biofilm and eliminate the planktonic 

bacterial count. It was found that over all combination of CHX with PI was very effective in 

eliminating/reducing the biofilm bacteria at 1000 μgml
-1

as compared to other combinations. 

The
 
efficacy of CHX in reducing oral bacterial viability (has been demonstrated in many studies 

(Shapiro et al., 2002; Clavero et al., 2003). It‘s a commonly used antimicrobial in dentistry and 

hence to control bacteria in dental water lines (Epstein et al., 2002). In combined form of CHX 

plus PI, the efficacy is possibly again due to CHX, since PI alone didn‘t prove to be affective 

agent both against DUWL biofilm and biofilm bacteria by applying culture dependent and 

independent techniques. This was the only biocide that was observed not very promising in this 

study. 

Application of all biocides at 100 μgml
-1 

versus 66 DUWL isolates resulted in 

elimination of all isolates. Combination of all biocides might result in the formulation of a 

compound having a broader antimicrobial spectrum. It has already been reported that new 

chemical disinfectants are often combinations of different compounds (Andersen and Hilsberg, 

2007). Only 20 strains were found to be resistant. The mechanisms of resistance in these 

isolates may be intrinsic or acquired in nature. In addition, microrganisms have adapted to 

biocide exposure by acquiring plasmids and transposons that confer biocide resistance, the same 

survival strategies to disseminate acquired mechanisms of resistance to biocides as they have 

for resistance to antibiotics (Albert and Sheldon, 2005).  

Overall, the results of this study favour the use of biocides in combination rather than 

alone. In the long term, the redesign of dental units may be necessary to decrease biofilm and 

microbial contamination. However, in the short term, effective disinfectants are required that 

will control biofilm formation. Currently, not enough data are available that address how 

specific components attack the integrity of the biofilms. According there still remains a need for 

a protocol for cleaning biofilm coated surfaces, and it should effectively dislodge biofilm and 

optionally kill the microorganism flora in the dislodged biofilm. These protocols can be adapted 

to suit a variety of industrial uses and needs.   

http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Meiller%20TF%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstractPlusDrugs1
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B7GJ8-4DF47YM-1&_user=2248840&_rdoc=1&_fmt=&_orig=search&_sort=d&view=c&_acct=C000056732&_version=1&_urlVersion=0&_userid=2248840&md5=1f11a9f85b806da93d6034c24b719e1e#bib1#bib1
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B7GJ8-4DF47YM-1&_user=2248840&_rdoc=1&_fmt=&_orig=search&_sort=d&view=c&_acct=C000056732&_version=1&_urlVersion=0&_userid=2248840&md5=1f11a9f85b806da93d6034c24b719e1e#bib4#bib4
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Andersen%20LP%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstractPlusDrugs1
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Hilsberg%20P%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstractPlusDrugs1
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Hilsberg%20P%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstractPlusDrugs1
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Hilsberg%20P%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstractPlusDrugs1
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Chapter 4 

 

CHARACETRIZATION OF BIOCIDES RESISTANT DUWL 

BIOFILM ISOLATES 

 

A main challenge in the dental setting is to avoid contamination of DUWL and dental chair by 

pathogens and environmental organisms. Furthermore it has been recognized that in bacteria 

in vivo are found predominantly attached to surfaces (biofilm), hence being more resistant to 

heat, dehydration, U.V. light, disinfectants, antibiotics, etc. (Bore and Langsrud, 2005). This 

calls for control of micro-organisms on dental chair material. Different methods have been 

developed for decontamination, the one being chemical disinfection. Microbial resistance to 

disinfectants/biocides is receiving more attention due to the frequent use of disinfectants in 

DUWLs. There is also incipient concern regarding disinfectant/biocides resistance contributing 

to resistance to antibiotics by co-selection of antibiotic resistance genes (Russell, 2002a). 

Biocides comprise a large group of diverse chemical agents and affect a number of different 

target sites in microrganisms. The responses of different types of microrganisms to biocides 

vary and result in microbiostatic or microbicidal effects (Alp, 2007). Reduced susceptibility to 

biocides may contribute to persistence on environmental surfaces, and efflux of drugs such as 

fluoroquinolones may predispose strains to high-level target-based resistance (DeMarco et al., 

2007). In vitro studies suggest that exposure to biocides results in reduced susceptibility to 

antibiotics and biocides by intrinsic or acquired mechanisms of resistance. In addition, 

microrganisms have adapted to biocide exposure by acquiring plasmids and transposons that 

confer biocide resistance, the same survival strategies to disseminate acquired mechanisms of 

resistance to biocides as they have for resistance to antibiotics (Sheldon, 2005). The 

development of biocide resistant isolates in dental settings is a real concern. A deeper 

knowledge of the biochemistry of the organisms capable of resistance to various biocides is 

essential to control their resistance and develop effective biocides accordingly. The study in this 

chapter is focussed only to the isolates which were resistant to 100 g ml
-1

 of eight biocides 

(added simultaneously in the medium) (Table-2.10). The study is aimed at the morphological, 

physiological, biochemical and genetical characterization of twenty DUWL biofilm isolates.  

 

 

 

 

 

 

http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Bore%20E%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstractPlusDrugs1
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Langsrud%20S%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstractPlusDrugs1
javascript:popRef('b31')
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Alp%20S%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstractPlusDrugs1
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22DeMarco%20CE%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstractPlusDrugs1
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Sheldon%20AT%20Jr%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstractPlusDrugs1
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MORPHOLOGICAL CHARACTERIZATION OF BIOCIDE RESISTANT ISOLATES 

 

COLONY MORPHOLOGY 

 

20 strains (AWT 1, AWT 2, AWT 10, AWT 13, AWT 14, AWT 16a, AWT 21, AWT 25, AWT 

28, AWT 33, PT 1, PT 2, PT 16, PT 19, PTNPF, PT PA, MWP 14, MWP 15, MWPNPC and 

MWPNPD) exhibiting multiple resistant to 100 g ml
-1

 of different biocides were the focus of 

this study (Table-3.6). 

For colony morphology, color, form, shape, size, elevation and margin were considered. 

Different strains exhibited variation in colony characteristics.  

AWT isolates 

Among 20 biocides resistant strains, 10 strains were isolated from AWT tubings. Clustering on 

the basis of morphology was done. On the basis of color, three clusters were formed i.e., white 

(AWT 10), offwhite (AWT 1, AWT 2, AWT 13, AWT 14, AWT 21, AWT 25, AWT 33), and 

light yellow (AWT 16a, AWT 28). On the basis of shape and margin, two morphologically 

different clusters were formed. AWT 1, AWT 10, AWT 14 and AWT 25 formed round colonies 

with entire margin while AWT 2, AWT 16a, AWT 21, AWT 28 and AWT 33 had irregular 

colonies with irregular margin. One strain, AWT 13, however, showed irregular colony having 

undulate margin. Majority of the strains had raised elevation except for AWT 14 and AWT 16a 

which showed flat elevation. Regarding internal characteristics, almost all were smooth opaque 

with the exception that AWT 14 was smooth transparent and AWT 28 was coarsely granular 

(Figure-4.1). 

PT isolates 

Among PT isolates, all colonies showed off white color except PT 1 (white) and PT PA (bluish 

green). PT 1, PT 16 and PT 19 formed circular colonies having entire margin whereas, PT 2 and 

PT PA showed oval colonies with entire margin. Only one strain, PTNPF had irregular colony 

with ramose margin. Except for PT 16 (raised) and PT 19 (convex), all showed flat elevation. 

PT 1 and PT PA were smooth translucent internally, while all others were smooth opaque 

(Figure-4.1). 
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Int. chr, Internal charcteristics; S.opaq, Smooth opaque; F.gran, Finely granular; S.transp, Smooth transparent,  

C. gran, Smooth granular; S. transl, Smooth transluscent; L.yellow, Light yellow 

 

Figure-4.1      Morphological characterization of biocides resistant isolates 
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Four strains from MWP capable of tolerating 100 g ml
-1

 of all biocides concentration 

were characterised morphologically. Two strains (MWP 14, MWP 15) were light yellow while 

the other two (WPNPC, WPNPD) were offwhite in color. 

MWP isolates 

MWP 14, MWPNPC and MWPNPD had circular colonies with entire/irregular margin, 0.1mm 

size and raised/convex elevation. Internal characteristics of finely granular, smooth transparent 

and smooth translucent were observed respectively. MWP 15 had irregular shape with crenate 

margin, 0.1-0.2 mm size, flat elevation and smooth transparent internally (Figure-4.1). 

CELL MORPHOLOGY 

AWT isolates 

Except AWT 21, all other strains were rod shaped. AWT 25 and AWT 33 were gram negative 

while rest of the isolates were gram positive. AWT 1, AWT 10, AWT 28 and AWT 33 were 

only capsulated. Bacterial strains AWT 10, AWT 16a and AWT 21 were non spore formers 

whereas, AWT 1, AWT 2, AWT 13, AWT 14 and AWT 28 were spore formers. Only AWT 10 

and AWT 13 were non motile, whilst all others were motile. Cell size of all strains ranged from 

0.3-1.0 µm in width and 1.0-2.5 µm in length.  Among these strains, AWT 2, AWT 13 and 

AWT 28 were relatively long as compared to strains AWT 1, AWT 14, AWT 25, AWT 33, 

which were small rods (Table-4.1). 

PT isolates 

All were bacilli in shape. Bacterial strains PT 19 and PT PA were gram negative while all 

others (PT 1, PT 2, PT 16, PT 19, PT PA and PTNPF) were gram positive. Cell size of all 

strains ranged from 0.4-0.6 µm in width and 1.0-1.5 µm in length. Except for, PT 16, PT 19 and 

PT PA (non-spore former), rest of all were spore formers. Capsules were present in all strains 

except for PT 16, being non capsulated. PT 2 and PT PA were motile and remaining all 

including PT 1, PT 16, PT 19 and PTNPF were non motile (Table-4.1).  

MWP isolates 

All isolates were bacilli in shape. Cell size of all strains ranged from 0.2 to 0.6 µm in width 
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                                    Table-4.1 Cell morphology and Biochemical Characteristics of Biocide resistant isolates 

CHARACTERISTICS 

BACTERIAL STRAINS 

AWT 1 AWT 2 AWT 10 AWT 13 AWT 14 AWT 

16a 

AWT 21 AWT 25 AWT 28 AWT 33 

Cell Shape 
Bacilli Bacilli Bacilli Bacilli Bacilli Bacilli Cocci Bacilli Bacilli Bacilli 

Cell Size (µm) 1.1-0.3 2.5-0.9 1.4-0.5 2.2-0.7 1.0-0.4 1.2-0.5 1-1 1.0-0.4 2.5-0.5 1.2-0.6 

Gram staining +ve +ve +ve +ve +ve +ve +ve -ve +ve -ve 

Capsule staining + - + - - - - - + + 

Spore staining + + - + + - - - + - 

Motility + + - + + + + + + + 

Urease test + + - + - - + - - - 

Catalase + + + + + + + + + + 

Cytochrome oxidase + - + - + - - + + - 

Oxidation fermentation A F.A A F.A A A F.A A A A 

Nitrate reduction + + + - + + + + + + 

Denitrification - - - - - - + + - - 

Methyl red - - - - - - - - - - 

Voges Proskauer - + - + - - - - + + 

Starch hydrolysis + + + + + + + + + + 

Citrate utilization + + - - - - + + - - 

Arginine hydrolysis - - - - - - - - - - 

Triple sugar iron 

(slant/butt) 
K/K,G K/K K/K K/K K/K K/K K/K 

K/K, 

H2S 
K/K K/K 

Growth on EMB - - - - - - - + - + 

Growth on MacConkey  - - - - - - - NLF - NLF 

Growth on Blood agar + β-hem. + + + + + β-hem + + 

-, negative., +, positive., A, aerobic.,  F.A, facultative anaerobe., K, alkaline reaction; G, gas production; H2S, sulfur reduction; NLF, non 

lactose fermenting; LF, lactose fermenting; β-hem, beta haemolysis; α-hem, alpha haemolysis 
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 Table-4.1 (cont.) Cell morphology and Biochemical Characteristics of Biocide resistant isolates 

CHARACTERISTICS 

BACTERIAL STRAINS 

PT 1 PT 2 PT 16 PT 19 PTNPF PT PA MWP 14 MWP 

15 

MWP 

NPC 

MWP 

NPD 

Cell Shape 
Bacilli Bacilli Bacilli Bacilli Bacilli Bacilli Bacilli Bacilli Bacilli Bacilli 

Cell Size (µm) 1.1-0.3 1.2-0.4 1.1-0.2 2.4-0.5 1.0-0.4 1.5-0.6 1.0-0.5 1.0-0.4 1.5-0.5 1.2-0.6 

Gram staining +ve +ve +ve -ve +ve -ve +ve +ve +ve -ve 

Capsule staining + + - + + + - - - - 

Spore staining - - - - - - - - - - 

Motility - + - - - + + + + + 

Urease test - - - - - - - - - + 

Catalase + + + + + + + + + + 

Cytochrome oxidase + - - - - + + - - + 

Oxidation fermentation A A A F.A A A A A A A 

Nitrate reduction + + + + + - + + + - 

Denitrification - - - - - - - - - + 

Methyl red - - - - - + - - - - 

Voges Proskauer - + - + - - + - - - 

Starch hydrolysis + + + - + - + + + + 

Citrate utilization - - - + - + - + - + 

Arginine hydrolysis - - - - - - - - - - 

Triple sugar iron 

(slant/butt) 
K/K K/K K/K K/A K/K 

K/K, 

H2S 
K/K K/K K/K 

K/K, 

H2S 

Growth on EMB - - - + - + - - - + 

Growth on MacConkey  - - - LF - NLF - - - NLF 

Growth on Blood agar + + + α-hem + β-hem + + + β-hem 

-, negative., +, positive., A, aerobic.,  F.A, facultative anaerobe., A, acid production; K, alkaline reaction; G, gas production; H2S, 

sulfur reduction; NLF, non lactose fermenting; LF, lactose fermenting; β-hem, beta haemolysis; α-hem, alpha haemolysis
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and 1.1-2.4 µm in length. All were gram positive except for MWPNPD, which was gram 

negative. Capsule formation was observed in none of the isolates and all were motile. Except 

for MWPNPD (non spore former), rest all were spore formers (Table-4.1). 

BIOCHEMICAL CHARACTERIZATION OF BIOCIDE RESISTANT ISOLATES 

 

AWT isolates 

Strains AWT 1, AWT 2, AWT 13 and AWT 21 showed urease positive reaction while other 

strains including AWT 10, AWT 14, AWT 16a, AWT 25, AWT 28 and AWT 33 lack urease 

enzyme and were unable to hydrolyze urea. Every strain gave positive results for catalase 

enzyme although strains AWT 1, AWT 10, AWT 14, AWT 16a, AWT 21, AWT 28 and AWT 

33 gave week reaction. While strains AWT 2, AWT 13 and AWT 25 showed strong reaction 

upon hydrogen peroxide application. Strains AWT 1, AWT 10, AWT 14, AWT 25 and AWT 

28 were oxidase positive while rest of strains gave negative response to oxidase test. AWT 2, 

AWT 13 and AWT 21 were facultative anaerobes while all others were aerobic. Except for 

AWT 13, all were able to reduce nitrate to nitrite. All strains were unable to denitrify with the 

exception of AWT 21 and AWT 25, which were denitrifying isolates. All the strains gave 

negative results for methyl red test. For voges proskauer test, strains AWT 2, AWT 13, AWT 

28 and AWT 33 gave positive results while all others showed negative results, indicating their 

lack of ability to utilize the glucose. All were able to hydrolyse starch. Citrate was used as 

carbon source in four isolates only including AWT 1, AWT 2, AWT 25 and AWT 28. None of 

the isolates could hygrolyse arginine. For triple sugar iron test, strains AWT 2, AWT 10, AWT 

13, AWT 14, AWT 16a, AWT 21, AWT 28  and AWT 33 showed negative results and none of 

the sugars (glucose, lactose and sucrose) was utilized by either of these isolates. Slight gas and 

H2S production was observed only in isolates AWT 1 and AWT 25, respectively. Two isolates 

AWT AWT 25 and AWT 33, showed growth on EMB agar, indicating their origin from 

enterobacteriacae family. Growth of only two isolates (AWT 25 and AWT 33) on MacConkey 

agar, was found to be non lactose fermenting. Though all strains had growth on blood agar, but 

complete haemolysis (β haemolysis) was observed only in two isolates (AWT 2 and AWT 25) 

(Table-4.1).  

PT isolates 

All isolates were urease negative and catalase positive. Except PT PA, none of the isolates  
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showed positive reaction for oxidase test. PT 19 was facultative anaerobe, whereas, all others 

were aerobic. Ability to reduce nitrates to nitrite was observed in all isolates except for PT PA. 

A negative result for denitrification was noted in all isolates. PT PA gave positive response for 

methyl red test, whereas rest all showed negative results. For voges proskauer test, PT 1 and PT 

2 were positive, whilst others were negative. Hydrolysis of starch was observed in all isolates 

except for PT 19 and PT PA. Reverse result was obtained with regard to citrate utilization test 

and none of the strains could utilise citrate with the exception of PT 19 and PT PA, which 

showed positive results for citrate utilization. All gave negative results for hydrolysis of 

arginine. Regarding triple sugar iron test, Except for PT 19 none of them was able to ferment 

lactose. A slight H2S production gas was observed, however, only in PT PA. On EMB agar, 

two isolates were observed, PTNPF was non lactose fermenting; while PT 19 was lactose 

fermenting and none of any other isolate exhibited any type of growth. Incomplete (α) 

haemolysis (PT 19), complete (β) haemolysis (PT PA) and no haemolysis (PT 1, PT 2, PT 16, 

PT 21 and PTNPF) was observed on blood agar plates (Table-4.1). 

MWP isolates    

Positive result for urease test was observed in MWPNPD only, while rest three isolates (MWP 

14, MWP 15 and MWPNPC) were unable to hydrolyse urea. All were catalase positive and 

MWPNPD showed a strong positive reaction on application of hydrogen peroxide. MWP 14 

and MWPNPD were oxidase negative whilst others were positive for oxidase test. All were 

aerobic and able to reduce nitrate except for MWPNPD, which was observed as negative for 

nitrate reduction test only. In contrast, this was the only isolate which was positive for 

denitrification test. All isolates showed negative results for methyl red test and positive results 

for voges proskauer test. Ability to hydrolyse starch was observed in all isolates. Two isolates 

MWP 15 and MWPNPD utilized the citrate as carbon source, hence gave positive reaction 

while MWP 14 and MWPNPD gave negative result. None of the isolates could hydrolyse 

arginine. For triple sugar iron test, MWPNPD was able to unable to ferment glucose/lactose, 

however, production of H2S gas was noted. Remaining three isolates (MWP 14, MWP 15 and 

MWPNPC) were unable to ferment any sugar and neither gas nor H2S production was 

observed. MWPNPD had good growth on EMB and was non lactose fermenting on 

macConkey agar, thus confirming TSI result. Other two including MWP 14 and MWP 15 

didn‘t grow on any of the above mentioned media. Though all isolates had growth on blood 

agar but complete haemolysis (β-haemolysis) was noted in MWPNPD only (Table-4.1).  
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PHYSIOLOGICAL CHARACTERIZATION OF BIOCIDE RESISTANT BACTERIA 

BACTERIAL GROWTH CURVE 

Growth behaviour of isolates overtime in the presence and absence of 100 g ml
-1 

biocides was 

compared. 50µl bacterial inoculum (A1.00 at 600 nm) of biocides resistant isolates was given to 

biocides supplemented (100µg ml
-1

) L- broth. Isolates were cultured in flasks at 37°C with 

continuous shaking at 150 rpm. During incubation bacterial growth was monitored by 

measuring optical density after different time periods. Isolates showed variation in growth 

pattern with incubation period. Longer lag phase was observed in isolates in biocides 

supplemented media as compared to biocides free media. Lag phase of AWT isolates varied 

from 2-8 hr in biocides supplemented medium. In different strains lag phase persisted to 2, 

(AWT 14), 4 (AWT 2, AWT 13, AWT 16a), 6 (AWT 1, AWT 10, AWT 21, AWT 25, AWT 

33) and 8 (AWT 28) hr. While in biocides free medium, comparatively shorter lag phase (2- 4 

hr) was noted. 2 hr extended lag phase was observed in AWT 1, AWT 2, AWT 10, AWT 13 

and AWT 33 and 4 hr extended in all the remaining isolates. Log phase of growth started after 

6, 8 and 12 hr in biocides supplemented medium and 4, 6 hr in biocides free media. It persisted 

for 30 (AWT1, AWT2, AWT 10, AWT 13, AWT 25) and 36 (AWT 14, AWT 16a, AWT 21, 

AWT 28 and AWT 33) hr in biocides supplemented media and 24 (AWT 2, AWT 13), 30 

(AWT 1, AWT 10, AWT 14, AWT 28) and 36 (AWT 16a, AWT 21, AWT 25, AWT 33) hr in 

biocides free medium. With the passage of time gradual increase in population density was 

observed. In general, in AWT isolates stationary phase started after 36 hr of incubation. It also 

commenced after 36 (AWT 1, AWT 2, AWT 13, AWT 14, AWT 21) and 42 (AWT 10, AWT 

16a) hr in different strains. After this death or decline phase of bacteria started.  

In PT and MWP isolates, again short lag phase was observed in biocides free medium 

compared to biocides supplemented medium. Lag phase extended to 4 (PT 1, PT PA, 

MWPNPD), 6 (PT 16, PT 19, PTNPF, MWP 14, MWP 15), 8 (PT 2, MWPNPC) hr in biocides 

supplemented medium, whereas in biocides free medium, it takes less time i.e., 2 (MWP 14, 

MWP 15, MWPNPD), 4 (PT 1, PT 16, PT 19, PTNPF, PT PA, MWPNPC), 6 (PT 2) hr 

extended lag phase was studied. Log phase started after 6-8 hr in all the isolates in two media 

except for MWP 14 and MWPNPD where it started after 4 hr. Log phase of  36 (PT 16, PT 19, 

PTNPF, PT PA, MWP 14, MWP 15, MWPNPC), 42 (PT 1, PT 2) hr in biocides supplemented  
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Figure-4.2    Growth curves of biocides resistant isolates in 100 µg ml
-1

 biocides 

supplemented (●) and biocides free ( ) L- broth. 
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Figure-4.3    Growth of biocides resistant isolates in 100 µgml
-1

 biocides supplemented ( ) 

and biocides free ( ) L- broth after 24 and 48 hr. Optical density was monitored at 

600nm. 

AWT 1 AWT 2 AWT 10 AWT 13 AWT 14 

AWT 16a AWT 21 AWT 25 AWT 28 AWT 33 

PT 1 PT 2 PT 16 PT 19 PTNPF 

PT PA MWP 14 MWP 15 MWPNPC MWPNPD 
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media while of 30 (PT 16, PT 19 and PT PA), 36 ( PT 1, PT 2, MWP 14, MWPNPC, 

MWPNPD), 42 (MWP 15)  hr in biocides free medium was observed. In most of the isolates 

stationary phase started after 36 hr and persisted till 42 (PT 1, PT 2, PT PA, MWPNPC, 

MWPNPD), 48 (PT 16, PT 19, MWP 14, MWP 15) hr in biocides supplemented medium. In 

biocides free medium sharp growth decline phase was observed in different isolates (PT 1, PT 

2 and PT PA) after 42 hr (Figure-4.2).  

Overall, it is evident from Figure-4.3 that after 24 hr isolates showed better growth in 

biocides free medium but after 48 hr growth was almost equal in biocides free and 

supplemented medium. However, three isolates, AWT 10, AWT 13 and PT 1 exhibited slightly 

better growth in biocides supplemented medium in late hr i.e., after 48 hr (Figure- 4.3). 

EFFECT OF pH ON THE GROWTH OF RESISTANT ISOLATES 

Variation in the optimum pH was noted in most of the isolates in presence and absence of 

biocides in media. All AWT and MWP isolates preferred pH 8 compared to PT isolates which 

preferred pH 7 for the optimum growth. In biocides free medium, growth of all the strains was 

better at all the pHs tested (5, 7, 8 and 9). All isolates were sensitive to acidic pH i.e., 

especially to pH 5 in the presence of biocides and displayed best growth at pH 7-8. Strains 

(AWT 1, AWT 2, AWT 10, AWT 13, AWT 14, AWT 16a, AWT 25, AWT 28, AWT 33, 

MWP 14, MWP 15, MWPNPC and MWPNPD) showed optimum growth at pH 8, while in PT 

1, PT 2, PT 16, PT 19, PTNPF, PT PA, better growth was observed at pH 7. Overall, strains 

growth was better in biocides free medium than biocides supplemented medium (Figure-4.4). 

EFFECT OF TEMPERATURE ON THE GROWTH OF RESISTANT ISOLATES 

All the isolates were able to grow at 20-42 C with different temperatures optima, but growth 

was generally less at 20 C as compared to other temperatures. Majority of strains preferred 

30 C or 37 C for optimum growth in biocides free or supplemented media. The isolates had 

optimum growth in either media at 37 C (AWT 1, AWT 2, AWT 10, AWT 13, AWT 14, AWT 

16a, AWT 21, AWT 25, AWT 28, PT 2, PT 16, PT PA, MWP 14, MWP 15, MWPNPC, 

MWPNPD) and  30 C ( AWT 33, PT 1, PTNPF,). Better growth of the isolates (except AWT 

16a, AWT 25) was observed in biocides free medium compared to biocides supplemented 

medium, particularly at 37-42 C temperature (Figure 4.5). 
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Figure-4.4   Growth of biocides resistant isolates at different pHs (5, 7, 8 and 9) in biocides 

free ( ) and 100 µgml
-1

 biocides supplemented (●) L- broth for 24 hr; Optical density was 

monitored at 600nm. 
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PT PA MWP 14 MWP 15 MWPNPC MWPNPD 



 

 

136 

0

0.5

1

1.5

2

20 25 30 37 42 20 25 30 37 42 20 25 30 37 42 20 25 30 37 42 20 25 30 37 42

O
D

 [
/]

 

0

0.5

1

1.5

2

20 25 30 37 42 20 25 30 37 42 20 25 30 37 42 20 25 30 37 42 20 25 30 37 42

O
D

 [
/]

 

0

0.5

1

1.5

2

20 25 30 37 42 20 25 30 37 42 20 25 30 37 42 20 25 30 37 42 20 25 30 37 42

O
D

 [
/]

 

 

0

0.5

1

1.5

2

20 25 30 37 42 20 25 30 37 42 20 25 30 37 42 20 25 30 37 42 20 25 30 37 42

TEMPERATURE (
o
C)

O
D

 [
/]

 

       

      Figure-4.5  Growth of biocides resistant isolates at different temperatures (20 C, 25 C, 

30 C, 37 C and 42 C) in biocides free ( )  and 100 µgml
-1

  biocides supplemented (●) L- 

broth for 24 hr; Optical density was monitored at 600nm. 
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HEAVY METAL RESISTANCE  

Heavy metal resistance profile of biocides resistant isolates was determined by adding the salts 

of different heavy metals individually in the medium. The isolates could tolerate different 

concentrations of different metallic salts both in the presence and absence of biocides (Table-

4.2). All the strains showed resistance towards NiSO4 and could easily tolerate 300 g ml
-1

 of 

NiSO4 in L- agar medium. Strains PT 19 and PT PA could resist high concentrations of NiSO4 

i.e., up to 500 g ml
-1

,
 
while AWT 16a and AWT 21 could resist only 200 g ml

-1
 of NiSO4.  

All isolates were sensitive to Pb (NO3)2. While majority of isolates (excluding AWT 10, AWT 

28 and MWPNPD which could resist 50 g ml
-1

 of HgCl2) could not resist to HgCl2. Excluding 

few isolates, all isolates could bear ZnSO4 (200 g ml
-1

), CuSO4 (200 g ml
-1

) and FeSO4 (100 

g ml
-1

) in biocides free as well as supplemented media. The isolates were highly resistant to 

MnSO4 (900-1000 g ml
-1

) and CoCl2 (5000 g ml
-1

).  In case of K2CrO4, isolates were 

resistant to 500-700 g ml
-1 

concentration,
 
however, difference in tolerance level was noted in 

biocides free and biocides supplemented media. In biocides free medium, isolates AWT 10, 

AWT 21 could tolerate to 300 g ml
-1

compared to biocides supplemented medium in which the 

tolerance level was upto 400 g ml
-1 

(Table-4.2). 

ANTIBIOTIC RESISTANCE 

Antibiotic resistance profile of different isolates was also determined in biocides free and 

biocides supplemented media (Table-4.3). All isolates could resist trimethoprim up to 300 g 

ml
-1 

both in biocides free and supplemented media with the exception that MWP 15 was 

sensitive and MWP 14 showed weak tolerance in biocides free medium only. The isolates were 

sensitive to cephradoxil (except AWT 21, PT 19, PTNPF), cephradine (except AWT 21, PT 

PA), erythromycin (except AWT 21, PT 19, PTNPF, PT PA in either media and MWP 15 in 

biocides free medium only), tetracycline (except for PT PA in biocides free medium, PTNF and 

AWT 21 which showed weak tolerance), and doxycyclin both in the presence and absence of 

biocides. Excluding MWP 14 and MWP 15, all isolates were resistant to chloramphenicol. In 

contrast, all were sensitive to ampicillin. Isolates AWT 10, AWT 13, AWT 14, AWT 21, AWT 

33, PT 1, MWP 14, MWP 15 were sensitive while rest all were resistant to kanamycin. Except 

AWT 14, AWT 33, PT 1 and PTNPF all were sensitive to streptomycin (Table-4.3). 
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 Table-4.2    Heavy metal resistance profile of biocides resistant isolates in biocides free 

and biocides supplemented (100μg ml‾
1
) L-broth.  

-  sensitive 

BACTERIAL 

ISOLATES 

HEAVY METALS  (μg ml‾1
) 

NiSO4 HgCl2 ZnSO4 
Pb 

(NO3)2 
MnSO4 

K2Cr 

O4 
CoCl2 FeSO4 CuSO4 

AWT1        0μg ml‾1 

               100μg ml‾1 
300 - 200 - 1000 700 5000 - 100 

300 - 200 - 1000 700 5000 - 100 
AWT2        0μg ml‾1 

               100μg ml‾1 
300 - 200 - 1000 700 5000 200 100 

300 - 200 - 1000 700 5000 200 100 
AWT10      0μg ml‾1 

               100μg ml‾1   
300 50 - - 1000 300 5000 200 - 

300 - - - 1000 400 5000 200 - 
AWT13      0μg ml‾1 

              100μg ml‾1 
300 - 200 - 1000 700 5000 200 100 

300 - 200 - 1000 700 5000 200 100 
AWT 14    0μg ml‾1 

               100μg ml‾1 
300 - 200 - 1000 700 5000 200 100 

300 - 200 - 1000 700 5000 200 100 
AWT 16a   0μg ml‾1 

               100μg ml‾1 
200 - 200 - 1000 700 5000 - 100 

200 - 200 - 1000 700 5000 - 100 
AWT 21     0μg ml‾1 

               100μg ml‾1 
200 - 200 - 1000 300 5000 200 100 

200 - 200 - 1000 400 5000 200 100 
AWT 25     0μg ml‾1 

               100μg ml‾1 
300 - 200 - 1000 700 5000 - 100 

300 - 200 - 1000 700 5000 - 100 
AWT28      0μg ml‾1 

               100μg ml‾1 
300 50 200 - 1000 700 5000 - 100 

300 - 200 - 1000 700 5000 - 100 
AWT33      0μg ml‾1 300 - 200 - 1000 700 5000 200 100 
               100μg ml‾1 300 - 200 - 1000 700 5000 200 100 
PT1            0μg ml‾1 

               100μg ml‾1 
300 - - - 900 500 5000 200 - 

300 - - - 900 500 5000 200 - 
PT2            0μg ml‾1 

               100μg ml‾1 
300 - 200 - 1000 500 5000 200 100 

300 - 200 - 1000 500 5000 200 100 
PT16         0μg ml‾1 

              100μg ml‾1 
300 - 200 - 1000 700 5000 200 100 

300 - 200 - 1000 700 5000 200 100 
PT19         0μg ml‾1 

              100μg ml‾1 
500 - 200 - 1000 700 5000 200 100 

500 - 200 - 1000 700 5000 200 100 
 PTNPF      0μg ml‾1 

               100μg ml‾1 
300 - 200 - 900 700 5000 200 100 

300 - 200 - 900 700 5000 200 100 
PT PA       0μg ml‾1 

               100μg ml‾1 
500 - 200 - 1000 700 5000 200 100 

500 - - - 1000 700 5000 200 100 
MWP14      0μg ml‾1 

               100μg ml‾1 
300 - - - 1000 500 5000 200 - 

300 - - - 1000 500 5000 200 - 
MWP15      0μg ml‾1 

               100μg ml‾1 
300 - 200 - 900 700 5000 200 - 

300 - 200 - 900 700 5000 200 - 

MWPNPC  0μg ml‾1 

               100μg ml‾1 
300 - 200 - 1000 700 5000 200 100 

300 - 200 - 1000 700 5000 200 100 
MWPNPD  0μg ml‾1 

               100μg ml‾1 
300 50 200 - 1000 700 5000 200 100 

300 - 200 - 1000 700 5000 200 100 
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Table-4.3     Antibiotics resistance profile of biocides resistant isolates in biocides free and 

biocides supplemented (100μg ml‾
1
) L-broth.  

BACTERIAL 

ISOLATES 

ANTIBIOTICS  (μg ml‾1
) 

TMP 

(300) 

Cdx 

(100) 

Cd 

(100) 

Em 

(100) 

Tc 

(25) 

Cm 

(50) 

Dx 

(25) 

Ap 

(300) 

Km 

(100) 

Sm 

(500) 

AWT1              0μg ml‾1 

                      100μg ml‾1 
+ - - - - + - - + - 

+ - - - - + - - + - 
AWT2             0μg ml‾1 

                      100μg ml‾1 
+ - + - - + - - + - 

+ - + - - + - - + - 
AWT10            0μg ml‾1 

                      100μg ml‾1 
+ - - - - + - - - - 

+ - - - - + - - - - 

AWT13          0μg ml‾1 

                      100μg ml‾1 
+ - - - - + - - - - 

+ - - - - + - - - - 
AWT 14           0μg ml‾1 

                      100μg ml‾1 
+ - - - - + - - - + 

+ - - - - + - - - + 
AWT 16a         0μg ml‾1 

                      100μg ml‾1 
+ - - - - + - - + - 

+ - - - - + - - + - 

AWT 21           0μg ml‾1 

                      100μg ml‾1 
+ + + + +w +w - - - - 

+ + + + +w +w - - - - 
AWT 25           0μg ml‾1 

                      100μg ml‾1 
+ - - - - + - - + - 

+ - - - - + - - + - 

AWT28            0μg ml‾1 

                      100μg ml‾1 
+ - - - - + - - + - 

+ - - - - + - - + - 
AWT33            0μg ml‾1 

                      100μg ml‾1 
+ - - - - + - - - + 

+ - - - - + - - - + 
PT1                   0μg ml‾1 

                      100μg ml‾1 
+ - - - - + - - - + 

+ - - - - + - - - + 

PT2                   0μg ml‾1 

                      100μg ml‾1 
+ - - - - + - - + - 

+ - - - - + - - + - 
PT16                 0μg ml‾1 

                      100μg ml‾1 
+ - - - - + - - + - 

+ - - - - + - - + - 
PT19                 0μg ml‾1 

                      100μg ml‾1 
+ + - + - + - - + - 

+ + - + - + - - + - 

PTNPF             0μg ml‾1 

                      100μg ml‾1   
+ + - + + + - - + + 

+ + - + + + - - + + 
PT PA              0μg ml‾1 

                      100μg ml‾1  
+ + + + + + - - + - 

+ + + + - + - - + - 
MWP14            0μg ml‾1 

                      100μg ml‾1 
+ w - - - - - - - - - 

- - - - - - - - - - 
MWP15            0μg ml‾1 

                      100μg ml‾1 
- - - - - - - - - - 

- - - +  - - - - - - 

MWPNPC        0μg ml‾1 

                      100μg ml‾1 
+ - - - - + - - + - 

+ - - - - + - - + - 

MWPNPD        0μg ml‾1 

                      100μg ml‾1    
+ - - - - + - - + - 

+ - - - - + - - + - 

+,  resistant; -  sensitive; +w   weak growth 
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GENETIC  PROPERTIES OF BIOCIDES RESISTANT ISOLATES 

 

DETECTION/EXTRACTION OF PLASMID DNA 

 

To detect the presence of plasmid DNA, gel electrophoresis of total cell lysate and Sambrook 

and Russell method (2004) was used. All bacterial isolates (AWT, PT and MWP) harbour a 

single plasmid. The plasmids were designated as pBR1-pBR20. List of plasmids with 

respective bacterial strains is given in Table-4.4. The size of plasmid varied greatly from strain 

to strain. Both low copy number and high copy number plasmids were observed to be present. 

For plasmid isolation, freshly isolated (20) strains (Table-3.6) were selected. Isolation of 

plasmids from some isolates was difficult by alkaline lysis method. In few cases (PT 19, PT 

PA) results were difficult to interpret due to interference of heavy slime and nucleases. 

Therefore, alternatively, plasmid DNA was isolated successfully by Sambrook and Russell 

(2004) method.  

CONJUGATION 

To determine whether resistance conferred by biocides resistant isolates were transcribed by 

plasmid/s or chromosome, conjugation experiments were performed.  

E. coli strains DH5α and C600 were used as recipients applying broth mating technique.  

Transconjugants in each case were selected on media supplemented with biocides (100 µg ml
-1

) 

and antibiotics (300 µgml
-1

ampicillin for C600 and 500 µgml
-1

 streptomycin for DH5α) for 

which donor isolates were sensitive and recipients were resistant. Isolates AWT 2, AWT 25, 

PT 19, PT PA and MWPNPD yielded transconjugants (Sm
R
 + Biocides

R
), when E. coli strain 

DH5α was used as recipient. Plasmids residing in strains AWT 1, AWT 2, AWT 10, AWT 25, 

AWT 28, PT 1, PT 19, PT PA and MWPNPD were transferable when C600 was used as 

recipient and transconjugants were obtained on Ap
+
 biocides supplemented plates. Plasmids 

residing in rest of the isolates couldn‘t conjugate with any of the two recipient strain used. 

Overall, the isolates in which the biocide resistant property was transferable belong to air water 

tubing (AWT 1, AWT 2, AWT 10, AWT 25, AWT 28), patient tubing (PT 1, PT 19, PT PA), 

and main water pipe (MWPNPD). In all cases transconjugants could grow on 100 µg ml
-1

 

biocides supplemented medium and antibiotic for which the recipient strain was resistant and 

donor was sensitive (Table-4.4).   
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Table- 4.4    Results of conjugation experiments using E. coli strains DH5α and C600 as 

recipients 

 

CONJUGATION 

 

 

TRANSFORMATION 

 

 

DONOR 

STRAINS 
PLASMIDS 

RECIPIENT 

STRAINS 

 
DONOR 

PLASMIDS 

RECIPIENT 

STRAINS 

 

 

E. coli 

 

E. coli 

DH5α C600 DH5α C600 
AWT1               pBR1 - + AWT1               - - 
AWT2 pBR2 + + AWT2 - + 

AWT10        pBR3 - + AWT10        - + 

AWT13   pBR4 - - AWT13   - - 

AWT 14            pBR5 - - AWT 14            - - 

AWT 16a pBR6 - - AWT 16a - - 

AWT 21            pBR7 - - AWT 21            - - 

AWT 25            pBR8 + + AWT 25            - - 

AWT28             pBR9 - + AWT28             - - 

AWT33             pBR10 - - AWT33             - - 

PT1                    pBR11 - + PT1                    - - 

PT2                    pBR12 - - PT2                    - - 

PT16                  pBR13 - - PT16                  - - 

PT19                  pBR14 + + PT19                  - + 

PTNPF              pBR15 - + PTNPF              - - 

PT PA               pBR16 + + PT PA               + - 

MWP14                pBR17 - + MWP14                - - 

MWP15             pBR18 - - MWP15             - - 

MWPNPC         pBR19 - - MWPNPC         - - 

MWPNPD         pBR20 + + MWPNPD         - + 

  +, Transconjugants/Transformants obtained;  

-, No Transconjugants/Transformants obtained. 
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TRANSFORMATION 

 

Presence of genes/plasmids responsible for biocides resistance on plasmid was confirmed by 

transformation experiments. Transformation experiments with plasmid DNA extracts were 

performed by heat shock method with competent cells prepared with calcium chloride 

(Sambrook and Russell, 2004). Plasmid DNA was transformed to competent cells of E. coli 

DH5α and C600 and transformants were selected on L- agar plates supplemented with biocides 

(100µg ml
-1

). Transformants were obtained only in AWT 2, AWT 10, PT 19, PT PA and 

MWPNPD when C600 was used as recipient. Only one plasmid from strain PT PA could be 

transfer when DH5α was used as recipient. Large number of colonies on biocides 

supplemented plates, while using C600 as recipient suggest that biocides resistance gene/s 

might be on plasmid. None of the rest of isolates could transfer plasmid to any of the 

mentioned recipients (Table-4.4). 

DISCUSSION 

Bacterial adaptation and resistance to biocides is not new phenomena (Russell, 2004) and was 

first recognized by Heathman et al. (1936) who identified chlorine resistance in Salmonella
 

typhi. Yet there is a comparatively small number
 
of workers worldwide who are investigating 

the mechanics of
 

biocide resistance (Russell, 2004). Furthermore, biocides tend to act 

concurrently on multiple sites
 
within the microorganism, resistance is often mediated by non-

specific
 
means. Efflux pumps and cell wall changes

 
may also play a role in the observed 

resistance against
 
biocides. Microbial changes that result in resistance to biocides should 

therefore cause concern (Fraise, 2002a) and it is appropriate to characterise the biocides 

resistant isolates to understand their resistance mechanisms. 

The threat of bacterial resistance got worse with increasing an already extensive 

application of and exposure to, biocides in healthcare facilities. Isolates being described here 

were isolated from different points i.e., AWT, PT and MWP of dental unit. These all were 

resistant to eight biocides (Table-2.10) concentration (100µg ml
-1

) in L-agar. Emerging 

bacterial resistance to biocides has been well described in vitro. However, relating laboratory 

findings to applications in practice is difficult and few attempts have been made to make such a 

correlation (Russell, 2004; Turhan Bal et al., 2007; Karatzas et al., 2008; Vali et al., 2008 ).  

http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Fraise%20AP%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstractPlusDrugs1
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Karatzas%20KA%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Karatzas%20KA%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
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Identification of bacterial species was based on standard laboratory
 
criteria (colony 

morphology, haemolytic zones, and production
 
of catalase and coagulase) and by using 

biochemical
 
test. The isolates had most of the common morphological and biochemical 

characters, but also showed some diversity. They had circular/irregular colonies with 

entire/irregular margin ranging in size from 0.1-0.6 mm. Colony Morphology variants isolated 

from Streptococcus pneumoniae biofilms have been reported by Allegrucci and Sauer (2007).  

The colony variants differed in colony size i.e., large, medium and small. Also they differ in 

their mucoid appearance on blood agar. As reported in another study (Koh et al., 2007), the 

morphological variants differed from the wild type in attachment, biofilm formation, and cell 

attachment properties. This ability of biofilm bacteria to show morphological colony variants 

might be a strategy to tolerate a wide variety of environmental conditions (Allegrucci and 

Sauer, 2007).   In this study, 75% of isolates were gram positive and gram negative bacteria 

were the least prevalent (Table-4.1). Only AWT 21 was cocci, while all others were bacilli. 

Almost all were aerobic except for three isolates including AWT 1, AWT 2, AWT 13, AWT 21 

and PT 19 ( facultative anaerobes) having catalase enzyme. All had cytochrome oxidase 

enzyme (excluding AWT 1, AWT 2, AWT 10, AWT 13, AWT 14, AWT 28, AWT 33, PT 1, 

PT PA, MWPNPD). Urease activity was not detected in majority of isolates (except AWT 1, 

AWT 2, AWT 13, AWT 21 and MWPNPD). With the exception of AWT 16a, AWT 21, AWT 

25, MWPNPD all were unable to denitrify, also some (AWT 13, PT PA, MWPNPD) were 

unable to reduce nitrate.  Majority of them (AWT 2, AWT 10, AWT 28, AWT 33, PT 2, PT 19, 

PT PA) showed negative results for Voges Proskauer tests and only PT PA was positive for 

methyl red test. None of the isolates could hydrolyse arginine but almost all could hydrolyse 

starch (except PT PA). A variation in their ability to utilize different sugars was also noted. 

AWT 1, AWT 2, AWT 16a, AWT 25, PT 19, PT PA had ability to utilise citrate. TSI test was 

performed to monitor their capability to use glucose, sucrose and lactose along with production 

of either gas or H2S (Table-4.1). Most of them were unable to use glucose and/ ferment lactose, 

as also observed by their colony appearance on Mac-Conkey agar. None of them could produce 

gas while only slight H2S gas production was observed in AWT 25, PT PA and MWPNPD. 

Some isolates (AWT 25, AWT 33, PT 19, PT PA, and MWPNPD) were also able to grow on 

EMB agar. To monitor their haemolytic activity, growth of isolates on blood agar plates was 

also studied. All isolates were found to have better growth.  Two AWT isolates (AWT 2, AWT 

25), one PT isolate (PT PA) and one MWP isolate (MWPNPD) showed complete haemolysis 

i.e., β haemolysis. PT 19, however showed partial or incomplete (α) haemolysis (Table- 4.1). 

http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Allegrucci%20M%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Sauer%20K%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Sauer%20K%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Sauer%20K%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Allegrucci%20M%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Sauer%20K%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
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 Among DUWL biofilm isolates, AWT 2, AWT 25, PT 19, PT PA, MWPNPD might be 

opportunistic pathogens (because of their haemolysis pattern on blood agar plates). PT 19, 

being gram negative, non motile rod and MWPNPD were included in family 

Enterobacteriacae. PT PA has been found to share all characteristics with P. aeruginosa 

(produces blue green pigment) and hence was affiliated with family Pseudomonadaceae. While 

AWT 1, AWT 2, AWT 10, AWT 13, AWT 16a, AWT 25, AWT 28, AWT 33, PT 1, PT 2, 

MWP 14, MWP 15, being gram positive, catalase positive and spore former, shared most of 

their characteristics with family Bacillaceae. The reports on the presence of gram 

positive/negative isolates in DUWL has been well documented (Singh et al., 2003; Spratt et al., 

2004; Szymańska et al., 2005; Yabune et al., 2005; Uzel et al., 2008). Although majority of 

isolates from dental clinics have been gram negative rods but some gram positive rods or cocci 

have also been reported. A study by Singh et al. (2003) revealed 40 genera: the most common 

ones included Leptospira (20%), Sphingomonas (14%), Bacillus (7%), Escherichia (6%), 

Geobacter (5%), and Pseudomonas (5%).  

Majtan and Majtanova, (2003) reported the antimicrobial activity of 19 commercially 

manufactured disinfectant substances on a Salmonella enteritidis strain. The antimicrobial 

efficacy was characterized by influencing the growth of bacterial cells, R values (effect on 

biosynthetic processes) and inhibition of endogenous respiration. According to their findings, 

low R values suggested interference of these substances with the synthesis of both nucleic acids 

and proteins. All substances except 5P plus (disinfectant) caused an inhibition of endogenous 

respiration. In the present study, with reference to growth curve, the difference lies in the lag 

phase of the strains both in presence and absence of biocides. In the presence of biocides, 

comparatively less growth was observed. This can be explained by the fact that biocides may 

interfere with the synthesis of both nucleic acids and proteins. Thus causing an inhibition of 

endogenous respiration and resulting in less growth in biocides supplemented medium 

compared to biocides free medium (Majtan  and Majtanova, 2003). In PT isolates (PT 1, PT 2, 

PT 19, PTNPF and PT PA), however, growth was almost similar in biocides free and 

supplemented media with a slight difference in lag phase. Lag phase observed in majority of 

isolates in biocides supplemented medium persisted to 4-6 hr compared to biocides free 

medium where it remained to 2-6 hr (Figure-4.2). A plausible explanation may be that strains 

needed an acclimation period to produce the formation of necessary induced enzymes for 

degrading biocides. A study by Portenier et al. (2002) detected a strong inhibition of 

chlorhexidine by dentin matrix and skin collagen after 1-hour incubation, but after 24 hr no 
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inhibition could be shown. In general a difference in growth pattern (variable lag, log and 

stationary phase) was observed in biocides supplemented medium compared to biocides free 

medium. Growth of the isolates in the liquid medium also depends upon the bioavailability and 

toxicity of the biocides. Several organic nutrients like yeast extract contain sulfhydryl group of 

proteins as well as some negatively charged ions like chloride, which readily bind with the 

biocides, thereby altering the bioavailability, toxicity and rate of diffusion of biocides in the 

medium (Vali et al., 2008). Viti et al.  (2003) reported similar finding by growing cells in 

liquid medium supplemented with mercuric compounds.  

In general, all the isolates were able to grow over a wide range of pHs (5-9) in biocides 

free medium. In biocides supplemented medium, however, acidic pH i.e., 5 had detrimental 

effects on the bacterial growth resulting in poor growth in all isolates. Most biocides have an 

optimum pH range of activity. Glutaraldehyde and cationic biocides (chlorhexidine) are most 

active at alkaline pH, whereas hypochlorites and phenolics are most potent at acid pH (Russell, 

2003a). So acidic pH might result in the enhanced activity of these biocides in medium, hence 

inhibiting microbial growth in biocides supplemented medium. pH optima of all isolates varied 

from 7-9 and mostly preferred pHs between 7-8. Overall AWT and MWP isolates preferred pH 

8 while PT isolates preferred pH 7 for better growth in either media (biocides free as well as 

supplemented). on the basis of pH requirements, PT isolates (PT 1, PT 2, PT 16, PT 19, PT PA, 

PTNPF) were considered as neutrophilic while AWT isolates (AWT 1, AWT 2, AWT 10, 

AWT 16a, AWT 21, AWT 25, AWT 25, AWT 28, AWT 33) and MWP isolates (MWP 14, 

MWP 15, MWPNPC, MWPNPD) can be classified as alkaliphilic. Optimum pH of these 

isolates was 8. (Figure-4.3). It has been reported that moderately halophilic, alkaliphilic 

methogens have a K/H antiporter activity for pH homeostasis at alkaline pH. Cell surface plays 

a key role in keeping the intercellular pH value in the range between 7 - 8.5, allowing 

alkaliphilic to thrive in alkaline environment. Alkaliphilic bacteria also have more amino acids 

and sugars in their cell walls, which are important in determining their pH tolerance in the 

medium (Yasmin and Hasnain, 2001; Li et al., 2008; De Lemos Esteves et al., 2008).  

In the present studies, temperature limit for growth of isolates was 24-42 C (Figure-4.4). 

But growth was relatively poor at 24 C. Isolates preferred 30 C or 37 C temperature for 

optimum growth in both media. Growth of isolates in biocides free medium was comparatively 

better than biocides supplemented medium. Except for three isolates (AWT 33, PT 1, PTNPF), 

all isolates had temperature optima of 37 C for better growth in either media. It has been 
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reported that when the temperature falls below the optimum, the enzymatic activity would be 

inhibited, which results in debasing the rates of enzymatic catalyzed reactions (Yang and Zhou, 

2004). Two isolates i.e., MWP 14 and MWP 15 grew equally well on 37 C and 42 C, having 

no difference in their cell density. Depending upon their temperature optima these can be 

considered as mesophilic i.e., bacteria having optimum growth temperature of 25-42 C. It was 

observed that in isolates AWT 33, PT 1 and PT 16, curve was unsymmetrical in relation to the 

optimum temperature, with a steeper slope on the right-hand side and an optimum nearer to the 

maximum temperature than to the minimum. This was because, when the temperature 

increased above the optimum, the decomposition reactions of cellular compounds, such as 

proteins and nucleic acids, were largely favoured, and at the same time, irreversible damage 

took place in the plasmatic membrane, causing dispersion of the cellular components, abruptly 

reducing the metabolic functions (Yang and Zhou, 2004) 

Minimum inhibitory concentrations for heavy metals were assayed on solid medium. 

Plasmid mediated resistance is common place in microbial world (Taghave et al., 2001; Lau et 

al., 2008). Microrganisms have evolved several ways that respond to the toxic effects of heavy 

metals. One of the mechanisms is the induction of metal binding proteins following the uptake 

of metals into the cells. Mechanisms of bacteria resistance to heavy metals have been reviewed 

several times and different mechanisms for example physical sequestration, exclusion, reduced 

uptake, detoxification and synthesis of binding proteins may develop heavy metal resistance in 

microrganisms (Ledin, 2000). Although strains showed some difference in resistance to 

different metallic salts, but all of them exhibited multiple resistance to NiSO4 (200-500 g ml
-

1
), MnSO4 (900-1000 g ml

-1
), CoCl2 (5000 g ml

-1
), K2CrO4 (300-700 g ml

-1
), ZnSO4 (200 g 

ml
-1

), FeSO4 (200 g ml
-1

) and CuSO4 (100 g ml
-1

) except a few cases in the presence and 

absence of biocides (Table-4.2). Two isolates (AWT 2, AWT 21) showed variation in tolerance 

towards K2CrO4 in biocides free and supplemented media. Both these were resistant to 300 g 

ml
-1 

in biocides free while 400 g ml
-1 

in biocides supplemented media. Ferreira da Silva et al. 

(2007) determined the antimicrobial susceptibility phenotypes of enterobacteria from raw and 

treated waste water, by using the agar diffusion method for the antibiotics amoxicillin, 

gentamicin, ciprofloxacin, sulfamethoxazole/trimethoprim, tetracycline and cephalothin, the 

disinfectants hydrogen peroxide, sodium hypochlorite, quaternary ammonium/formaldehyde 

and iodine, and the heavy metals nickel, cadmium, chromium, mercury and zinc. Compared 

with the raw influent, the treated wastewater presented higher relative proportions of 

Escherichia sp. isolates resistant to ciprofloxacin and cephalothin (P<0.0001 and P<0.05, 
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respectively). Except for mercury, which showed a positive correlation with tetracycline and 

sulfamethoxazole/trimethoprim, no significant positive correlations were observed between 

antibiotic, disinfectant and heavy metal resistance. Mullapudi et al. (2008) reported that 

isolates resistant to benzalkonium chloride (BC) were also resistant to cadmium, although the 

reverse was not always the case. In contrast, no correlation was found between BC resistance 

and resistance to arsenic, which overall was low (6%). All were sensitive to Pb(NO3)2 and 

HgCl2. However three isolates (AWT 10, AWT 28, MWPNPD) were resistant to HgCl2 in 

biocides free medium. Generally, bacterial cells assimilate mercuric compounds through 

passive diffusion of neutrally charged species as well as by active uptake of both charged and 

uncharged mercury (Kelly et al., 2003). Populations of bacteria with reduced susceptibility to 

biocides sometimes arise in practice, but usually indicate a capacity for phenotypic adaptation 

and survival in a constantly changing environment and where conditions are stressful and 

growth-limiting (Bloomfield, 2002).  

Some of biocides resistant bacteria also showed multiple antibiotic resistance. Generally 

they were sensitive to cephradoxil, erythromycin, tetracycline, doxycyclin, ampicillin and 

streptomycin. Majority of them were resistant to trimethoprim and chloramphenicol. While few 

were resistant to kanamycin (Table-4.3). Other authors describe the increasing isolation of 

strains with antibiotic multiresistance (Hald et al., 2003; Van Pelt et al., 2003; Tuckfield and 

McArthur, 2007). Two MWP isolates (MWP 14, MWP 15), however, showed differences in 

their tolerance profile to antibiotics (trimethoprim and erythromycin) in biocides free and 

supplemented media. MWP 14 was showed weak resistance in biocides free medium and was 

sensitive in biocides supplemented medium. In contrast, MWP 15 was sensitive to 

erythromycin in biocides free medium while it was resistant in biocides supplemented medium 

(Table-4.3). Studies regarding tolerance as well as susceptibility of biocide resistant bacteria to 

different antibiotics have been well documented previously (Sidhu et al., 2002; Karatzas et al., 

2008; Vali et al., 2008) It has been claimed that widespread biocides use in hospital, 

domiciliary, industrial, and other settings contributes to the overall rate of drug resistance 

(Levy, 2002; Sidhu et al., 2002). Some authors reported that bacteria isolated from natural 

water showed a net resistance to antibiotics and were also resistant to some anti-microbial 

agents as well as other environmental factors. In this way they could survive in aquatic 

environments. It was also observed that strains resistant to heavy metals are usually resistant to 

antibiotics (Nikolaev, 2004; Ferreira da Silva et al., 2007; Sultan and Hasnain, 2007). 

Additionally, it was suggested that antibiotic resistance property of bacteria was due to 
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acquisition of plasmid borne resistance genes (Pope et al., 2008). Laboratory studies have 

shown that in bacteria crossresistance may occur to other biocides and to antibiotics (Russell, 

2003b). Efflux proteins in P. aeruginosa have been widely studied and shown to be associated 

with some antibiotics and biocides (Russell, 2002a, b). A small multidrug resistance family 

protein (EmrE) encoded by the emrEPae gene in P. aeruginosa has been described (Li et al., 

2003). Additionally the widespread use of biocides can result in the selection of bacteria that 

are not only intrinsically insusceptible to these biocides but are also highly resistant to several 

chemically unrelated antibiotics (Stickler, 2002). Clinical isolates of P. aeruginosa were 

generally more resistant to antibiotics than isolates from industrial environments, with 

antibiotic/biocide correlations occurring especially with the former strains (Joynson et al., 

2002). From this, it was deduced that it was the selective pressure of antibiotic use in the 

hospital environment that differentiated the clinical environment from the industrial one. For 

non-genetic resistance to occur between antibiotics and biocides, a bacterial cell must possess a 

common mechanism of resistance to both types of agent (Joynson et al., 2003). 

Genetic analysis of biocides resistant bacteria was done in order to monitor their 

resistance determinants. Bacteria become resistant to antibacterial agents by three main 

mechanisms:  (a) acquisition of complete resistance genes or gene complexes via plasmids and 

other transposable elements,  (b) recombination of DNA into the genome from other bacteria 

by transformation  (c) spontaneous mutational events in the chromosome and accessory DNA 

(Pope et al., 2008) . Resistance to biocides is often associated with plasmids (Lau et al., 2008). 

Plasmids were detected in all the bacterial isolates, which showed variation in their sizes. 

Different genera of bacteria from different environments have been found to contain a single or 

more than one plasmid (Romanova et al., 2002).  Bacterial plasmid range in size from less than 

1.5 x 106 kilo base to greater than 300 kilo base and are generally dispensible (Primrose et al., 

2001). Plasmids residing in biocides resistant bacteria have been described earlier (Sheldon, 

2005; Hansen et al., 2007). Genes located on theses plasmids are known to confer the 

phenotypic (physiological) adaptation (Russell, 2001), antimicrobial resistance or reduced 

susceptibility towards a variety of substrates. These included animal growth promoters, 

antimicrobials, disinfectants and detergents (Hansen et al., 2007). Plasmids DNA from these 

isolates was extracted by alkaline lysis method as well as by following another method 

(Sambrook and Russell, 2004). The transfer abilities of resistance determinants of isolates were 

investigated by conjugation and transformation experiments. 
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Conjugation is the most common mechanism of gene transfer and can be defined as the 

transfer of genes from one prokaryotic cell to another via direct contact of cells. Plasmid 

mediated gene transfer through conjugation is quanitatively the most significant process 

involved in generating new genotypes in natural populations. The biocides resistance ability in 

some isolates was controlled by plasmids. The transconjugants obtained with different recipient 

strains (in addition to specific antibiotic resistance of that particular recipient characteristics) 

could tolerate 100 µg ml
-1

 biocides. In AWT 2, AWT 25, PT 19, PT PA, MWPNPD, plasmids 

could be transferred in both the E. coli recipient strains, suggesting that plasmids in these 

isolates are broad host range. While in case of isolates AWT 10, PT 1, PTNPF and MWP 14 

plasmids were transferable to only one host (C600). Rest of the plasmids in this study could not 

be transfer to any of the recipient strains used (Table-4.4), indicating that resistance genes in 

these isolates might be located
 
in the chromosome, and not on plasmid (Sekiguchi et al., 2005). 

 Dorsey and Actis (2004) performed conjugation experiments with E. coli VU3695 as 

donor and E. coli C2110 as recipients. Transconjugants were selected for on L-agar containing 

50 µg ml
-1 

Nal and 0.02% formaldehyde. Transferable elements captured in E. coli C2110 

conferred resistance to 0.02% formaldehyde and 50 µg ml
-1 

nalidixic acid (Nal).  Further 

testing showed that the MIC of formaldehyde for the C2110 conjugation recipient strain and 

the C2110 transconjugant isolated in the presence of formaldehyde and nalidixic acid (Nal) 

were 0.01 and 0.04%, respectively. In another study, Gupta and Ali (2004) monitored the 

transferable ability of mercury resistance plasmid from the wild type mercury resistance E. coli 

strains isolated from aquatic environments of India to the mercury-sensitive, naladixic acid-

resistant recipient strain of E. coli K12 F_ lac_ by conjugation. Recipient strains were tested for 

the acquisition of mercury resistance L-agar plates containing different concentrations of 

mercury to which the donor strains were resistant and naladixic acid (30 µg ml
-1

) to counter 

select against the recipient. Transconjugants obtained were able to tolerate the same 

concentration (25 to 55 µg ml
-1

) of HgCl2 as the wild-type strains. 

Transformation experiments were performed to confirm that biocides resistance ability of 

isolates is plasmid encoded. Transformation involves the direct uptake of exogenous DNA and 

its mechanism vary with bacterial species. However, generally three steps are common; (a) 

binding of the plasmid to the outside of recipient cell (b) transportation of genetic material 

across the cell envelop (c) integration of transforming DNA in the cell as a replicon or 

recombination into an existing replicon. Plasmids were tried to transfer from donor (biocides 
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resistant) to recipient (biocides sensitive) strains. Transformants were scored on biocides 

supplemented (100 µg ml
-1

) plates when E. coli K12 strains C600 and DH5α were used as 

recipients. Biocides resistant colonies were scored for different strains when C600 (AWT 2, 

AWT 10, PT 19, MWPNPD), DH5α (PT PA) were used as recipients. Plasmids of all isolates 

were transferable to only one host (Table-4.4). Gupta and Ali, (2004) isolated plasmids from 

the wild-type E. coli strains and transferred into E. coli K12 strain DH5α by transformation 

using standard CaCl2 procedure. Transformants were selected on L-agar plates supplemented 

with different concentrations of HgCl2 to which the donor strains were resistant. Transformants 

were obtained in each case on plates supplemented with different concentrations of HgCl2. For 

rest of bacteria negative results were obtained. The unsuccessful results reflect that there might 

be involved some physiochemical condition, some additional requirement of nutrients or it 

might be that plasmid DNA is degraded by membrane bound nucleases of the competent 

(recipient) strains (Gupta and Ali, 2004; Smeets and Vandenbroucke-Grauls, 2007). It also 

seems that the large size of the plasmid may
 
not permit it to cross the bacterial membrane 

(Dorsey and Actis, 2004). Another possible reason might be that plasmid DNA be taken up by 

the cell but failed to replicate there or plasmid borne markers might not be expressed in the 

new environment (Primrose et al., 2001). So limitation in gene transfer may be a combination 

of physical, biological and genetical barriers. The Acinetobacter sp. strain BD413 was 

transformed with transgene (containing resistance to streptomycin and spectinomycin) of 

tobacco plant Ralstonia solanacearum. No transformants were observed when the homologus 

sequences were omitted from the Acinobacter sp. It was suggested that detectable gene transfer 

form to bacteria by the method of transformation were dependent on gene copy number, 

bacterial competence and the presence of homologous sequences (Kay et al., 2002; Smeets and 

Vandenbroucke-Grauls, 2007).  

Transfer of bacterial plasmids through conjugation or transformation is a wide spread 

phenomenon. In the present case although both methods of gene transfer were performed to 

transfer plasmids from biocides resistant bacteria to E. coli, but conjugation was more efficient 

in getting a large number of biocides resistant determinants. Failure in obtaining 

transconjugants/transformants with these strains does not necessarily reflect the absence of 

biocides resistant marker on plasmids. It might be due to non conjugative/non transformative 

property of the plasmids presents in these strains. Alternatively it might also be due to some 

other reasons such as host restriction mechanism, physiochemical conditions, host physiology 

and types of plasmid transfer (Woegerbauer et al., 2002). 
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Control of microbes in sensitive health care settings cannot be maintained without 

effective disinfection methods. Cleaning and disinfection routines intended to eliminate 

unwanted micro-organisms from the facilities add to the selective pressure on this microflora. 

The micro-organisms are known to adapt to this hostile pressure and acquire higher levels of 

resistance. Some characteristics concerning their survival of cleaning and disinfection routines 

have been studied. Isolates showing affliation to familiy Bacillaceae, Enterobacteriaceae and 

Pseudomonadaceae were identified. Most of these were gram positive, only 25% were gram 

negative. Strains also showed the pathogenecity and had ability to survive over a broad range 

of pH (7-9) and temperatures (25-42°C). Majority of isolates exhibited multiple heavy metals 

and antibiotic resistance profile. Though some of the characteristics observed in biocides 

supplemented medium were slightly variable but overall results were not significant. PT PA 

showing 100 % identical characteristics to P. aeruginosa, is an opportunistic pathogen. It 

constitutes a public health hazard and steps should be taken to avoid it in DUWLs. All isolates 

had plasmid and the ability to transfer the resistance genes either by conjugation or 

transformation or both. In conclusion, the scientific community must weight the risk and 

benefits of using biocides in DUWLs. At present insufficient scientific evidence exist to weigh 

these biocides and additional precautions are needed to guide biocides development and use to 

inhibit microbial resistance. 
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Chapter- 5 

 

ANALYSIS OF CELL WALL CONSTITUENTS OF BIOCIDE 

RESISTANT ISOLATES 

 
In the environment, bacteria and other microrganisms are continuously exposed to a variety of 

constantly changing chemical and physical agencies. Antimicrobial compounds (both biocides 

and antibiotics), pollutants, drugs, cosmetic and pharmaceutical ingredients and pesticides are 

the major particulars of chemical pollution (Russell, 2002a, b). The physical agents include 

desiccation, drying, osmotic pressure, hydrostatic pressure, temperature and pH changes and 

radiations (ultraviolet, sunlight, ionizing). Due to development of some adaptations, 

extracellular and intracellular resistance mechanisms against the physical and chemical 

pollutants, some of the bacteria are resistant to biocides. The cell wall is one of the most 

important organelle of bacteria and may act as permeability barriers to the intracellular uptake 

of antibiotics and biocides (Russell, 2002a). The cell wall of gram-positive bacteria consists 

essentially of highly cross-linked peptidoglycan, which can provide about 90% of the wall 

structure, together with 'secondary' wall polymers (teichoic acids, polysaccharides and 

proteins), which are covalently linked to peptidoglycan. The teichoic acids are major cell wall 

components of most gram-positive bacteria. In gram-negative bacteria, the periplasm is located 

between the inner membrane and the outer membrane (OM). It communicates with the external 

environment through the OM proteins. The OM surrounds the peptidoglycan, which makes up 

only about 10% of the cell wall. It consists essentially of lipopolysaccharide (LPS), proteins 

and phospolipids provide a permeability barrier to the entry of hydrophobic compounds and 

higher molecular weight hydrophilic ones (Russell, 2003a). The role of bacterial cell wall in 

relation to inactivation alteration in physical conditions (pH and temperature) has been well 

documented (Sabri and Hasnain, 1996; 1997). Previously Kaulfers, 1995 reported that lipid 

content of the cell walls of benzalkonium chloride resistant pseudomonas strains varied in both 

resistant and sensitive strains. The cell wall of biocides resistant (L-broth supplemented with 

100 µg ml
-1 

of biocides) and control strains (L-broth) has been isolated and analysed for 

various components (peptidoglycan, teichoic acid and diaminopimelic acid). The number of 

studies in analysing cell wall constituents to address resistance has been very limited, this study 

is an attempt to elucidate the association between cell wall and resistance to biocides in DUWL 

isolates. The present study is an attempt to describe the resistance of duwl isolates in term of 

modification of cell wall. Furthermore, to explore the possibility that altered temperature and 

http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Russell%20AD%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstractPlus
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pH might affect PG, teichoic acid and DAP contents in resistant strains, this study was carried 

out. For that reason PG, teichoic acid and DAP contents of cell wall from biocide resistant 

isolates was determined under different temperatures and varying pHs. 

DETERMINATION OF PEPTIDOGLYCAN (PG) CONTENT  

20 biocide resistance strains from DUWL settings were selected to analyse the cell wall 

constituents (peptidoglycan, teichoic acid and diaminopimelic acid) in order to reveal any 

possible changes that biocides resistant strains may have in their cell wall components 

following acquisition to biocides.  

The purpose of this experiment was to compare the rate of PG synthesis in biocide 

resistant isolates by determining the hexoamine content in L-broth and L- broth supplemented 

with 100 µg ml
-1

 of each of eight biocides (simultaneously added) under varying conditions of 

temperature (37 and 45°C) and pH (7 and 9). Cultures were incubated for 24 hr at 150 rpm. 

Generally the hexoamines content were found to be more in cells cultured in biocide free 

medium as compared to the cells growing in biocides supplemented medium.  

AWT sample 

Among strains isolated from air water tubing (AWT) samples PG content was in general, 

(except AWT 1, AWT 10, AWT 16a and AWT 33) more in cell wall of the cells growing in 

biocides free medium as compared to cell wall of cells from biocides supplemented medium. 

Generally, with few exceptions maximum PG content was recorded at pH 7, at both 

temperatures (37 and 45 °C) under both biocides supplemented and non supplemented 

conditions. At pH 7, in AWT 10, AWT 16a and AWT 33, PG content was more at both 

temperatures in the presence of biocides. While at pH 9, in AWT 10 (both 37 and 45 °C), AWT 

14 (at 37 °C), AWT 16a (at 37 °C), AWT 21 (45 °C) and AWT 33 (at both 37 and 45 °C), PG 

content was more in cell walls of cells cultured in biocides supplemented media (Table-5.1). 

PT sample 

Variation in PG content was recorded at both temperatures and / pHs among the strains isolated 

from PT (Table-5.2). In general, with few exceptions, PG content was more in PT 1 (37 °C), 

PT 2 (37 °C), PT 16 (45 °C) and PTNPF (37 °C). PG content was observed to be high in cell 

walls of cells growing in biocides supplemented medium.  
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Table-5.1   Determination of on peptidoglycan (PG) contents (µmole/ g fresh wt.) of biocide 

resistant DUWL isolates at different temperatures (37 and 45ºC) and varying pHs (7 

and 9). 

 

 

Bacterial strains 

 

 

 

Temp (° C) 

L-broth 

without biocides with biocides 

pH7 pH9 pH7 pH9 

AWT 1 37 2.40±0.11 1.36±0.09 1.46±0.06 2.15±0.14 

45 2.63±0.23 2.58±0.23 1.86±0.09 1.58±0.05 

AWT 2 37 2.71±0.05 1.78±0.02 1.70±0.16 1.16±0.07 

45 1.71±0.09 1.56±0.17 1.73±0.04 0.93±0.16 

AWT 10 37 1.66±0.09 1.36±0.07 1.88±0.01 2.39±0.05 

45 1.03±0.08 1.29±0.06 1.83±0.19 2.24±0.06 

AWT 13 37 1.45±0.23 1.36±0.01 0.40±0.02 1.32±0.09 

45 1.78±0.04 1.59±0.07 1.51±0.17 1.55±0.11 

AWT 14 37 1.17±0.08 1.24±0.03 1.55±0.07 10.58±0.05 

45 2.39±0.07 1.41±0.09 0.55±0.07 1.11±0.12 

AWT 16a 37 1.70±0.08 2.08±0.38 2.56±0.22 2.41±0.12 

45 1.11±0.02 1.90±0.10 1.89±0.18 1.47±0.20 

AWT 21 37 2.16±0.20 1.18±0.07 1.40±0.05 1.17±0.12 

45 2.09±0.05 1.31±0.18 1.15±0.15 1.77±0.06 

AWT 25 37 2.69±0.11 2.65±0.17 2.29±0.18 2.28±0.05 

45 2.46±0.16 2.21±0.04 1.59±0.19 1.67±0.14 

AWT 28 37 2.59±0.13 1.75±0.20 1.38±0.10 1.11±0.12 

45 1.29±0.01 1.40±0.15 1.09±0.01 1.14±0.02 

AWT 33 37 1.71±0.07 1.36±0.12 2.63±0.09 1.81±0.03 

45 1.36±0.12 1.13±0.05 2.47±0.21 2.13±0.13 

PT 1 37 1.56±0.06 1.28±0.07 2.06±0.21 2.11±0.06 

45 2.49±0.20 1.19±0.04 2.21±0.21 2.52±0.19 

PT 2 37 1.63±0.08 1.13±0.07 2.42±0.10 2.12±0.05 

45 2.51±0.15 2.26±0.09 2.19±0.22 1.80±0.02 

PT 16 37 2.20±0.10 2.08±0.16 1.89±0.17 1.62±0.02 

45 2.09±0.04 2.44±0.44 2.62±0.12 1.14±0.10 

PT 19 37 1.77±0.21 1.16±0.18 1.34±0.19 1.17±0.12 

45 1.32±0.09 2.20±0.13 1.14±0.04 2.67±0.06 

PTNPF 37 1.36±0.23 2.61±0.07 1.45±0.06 1.75±0.17 

45 1.46±0.10 2.07±0.05 1.28±0.18 1.16±0.08 

PT PA 37 2.60±0.04 2.54±0.27 1.77±0.06 1.50±0.13 

45 1.65±0.16 1.41±0.13 1.95±0.09 1.67±0.21 

MWP 14 37 2.31±0.19 1.25±0.01 2.39±0.15 2.41±0.22 

45 2.32±0.05 1.23±0.04 1.21±0.02 2.42±0.21 

MWP 15 37 1.44±0.03 1.52±0.03 1.81±0.10 1.79±0.05 

45 1.40±0.03 1.19±0.03 2.48±0.12 2.30±0.12 

MWPNPC 37 1.32±0.01 1.56±0.19 1.23±0.01 1.13±0.06 

45 1.21±0.13 1.10±0.06 1.38±0.14 1.56±0.14 

MWPNPD 37 1.52±0.09 1.28±0.06 1.26±0.14 1.30±0.07 

45 1.49±0.03 1.34±0.16 1.45±0.09 1.29±0.05 
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At pH 9, in PT 1 (37 and 45 °C) and PT 19 (45 °C), PG content was more again in cell walls of 

biocides supplemented cells (Table-5.2).  

MWP sample 

Among MWP isolates, PG content was recorded more at pH 7 (except few cases in MWP 14, 

WP 15, and MWPNPC). At pH 7, in MWP 14 (37 °C), MWP 15 (both 37 and 45 °C) and 

MWNPC (45 °C), more PG content was observed in cell wall of cells obtained from biocides 

supplemented medium. At pH 9, high PG content was monitored in in cell walls of isolates 

MW 14 (37 and 45 °C), MWP 15 (37 and 45 °C) and MWPNPC (45 °C) by growing in 

biocides supplemented medium (Table-5.1).  

Among the twenty strains isolated from dental unit water lines tubing samples, 75% 

strains i.e., AWT 1, AWT 2, AWT 10, AWT 13, AWT 14, AWT 16a, AWT 21, AWT 28, PT 

1, PT 2, PT 16, PTNPF, WP 14, WP 15 and WPNPC were gram positive, whereas 25 % of 

DUWL isolates (AWT 25, AWT 33, PT 19, PT PA and WPNPD) were gram negative. 

Maximum peptidoglycan content  was observed in AWT 2, a gram positive strain growing in 

L-broth without biocides (Table-5.1). This strain showed the highest PG content (2.71 µmol g
-

1
) as compared to all other gram positive (AWT 1, AWT 10, AWT 13, AWT 14, AWT 16a, 

AWT 21, AWT 28, PT 1, PT 2, PT 16, PTNPF, WP 14, WP 15 and WPNPC) and gram 

negative strains (AWT 25, AWT 33, PT 19, PT PA and WPNPD) (Table-5.1). 

 DETERMINATION OF DIAMINOPIMELIC ACID (DAP) CONTENT 

Diaminopimelic acid (DAP), another unique parameter of cell wall was also determined in 

walls of biocide resistant isolates both in the presence and absence of biocides. Variation in 

Dap content was recorded with different strains under two different pHs 97, 9) and 

temperatures (37 and 45 °C).  

AWT sample 

In general, with few exceptions, more PG content was recorded in cell walls of bacterial cells at 

pH 7, both in the presence and absence of biocides. At pH 7, in AWT 1,  AWT 2, AWT 10, 

AWT 14, AWT 16a, high content was monitored at both temperatures (37 and 45 °C) in 

biocides supplemented medium. AWT 1 and AWT 16a also exhibited higher DAP content at  
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 Table-4.2   Determination of on diaminopimelic acid (DAP) contents (µmole/ g fresh wt.) of 

biocide resistant DUWL isolates at different temperatures (37 and 45ºC) and 

varying pHs (7 and 9). 

 

 

Bacterial 

strains 

 

 

 

Temp (° C) 

L-broth 

without biocides with biocides 

pH7 pH9 pH7 pH9 

AWT 1 37 1.15±0.05 1.09±0.13 1.43±0.01 1.74±0.06 

45 1.06±0.03 1.13±0.16 1.42±0.02 1.80±0.09 

AWT 2 37 1.67±0.03 1.98±0.17 1.77±0.18 1.08±0.15 

45 1.71±0.10 1.76±0.11 2.15±0.01 1.89±0.10 

AWT 10 37 1.75±0.23 1.80±0.28 2.24±0.23 1.05±0.09 

45 1.6±0.19 1.55±0.19 1.84±0.07 1.48±0.09 

AWT 13 37 1.33±0.06 1.21±0.06 1.25±0.15 1.24±0.14 

45 1.24±0.04 1.59±0.10 1.12±0.16 1.31±0.35 

AWT 14 37 2.59±0.05 2.56±0.12 2.65±0.11 2.03±0.16 

45 1.88±0.07 2.53±0.13 2.95±0.14 2.24±0.12 

AWT 16a 37 1.60±0.08 1.41±0.07 1.65±0.23 1.66±0.13 

45 1.78±0.05 1.38±0.32 2.77±0.17 1.55±0.13 

AWT 21 37 1.35±0.05 1.26±0.04 1.0±0.04 1.13±0.01 

45 1.15±0.11 1.33±0.09 1.2±0.09 1.7±0.10 

AWT 25 37 1.64±0.09 2.10±0.08 2.45±0.04 1.74±0.09 

45 2.73±0.17 2.22±0.06 3.87±0.11 2.44±0.18 

AWT 28 37 2.93±0.27 2.19±0.32 2.70±0.23 3.95±0.18 

45 2.98±0.19 1.90±0.12 2.99±0.03 2.80±0.20 

AWT 33 37 1.3±0.01 1.16±0.05 1.29±0.02 1.23±0.04 

45 1.31±0.05 1.25±0.04 1.43±0.03 1.14±0.04 

PT 1 37 1.01±0.28 1.8±0.03 1.86±0.22 1.76±0.19 

45 1.8±0.20 1.66±0.04 1.82±0.08 1.80±0.10 

PT 2 37 2.51±0.42 2.92±0.61 2.93±0.21 2.53±0.01 

45 1.71±0.09 2.80±0.01 2.96±0.16 1.47±0.24 

PT 16 37 2.47±0.15 2.51±0.03 2.88±0.21 2.78±0.18 

45 2.45±0.08 2.28±0.07 2.76±0.14 2.50±0.19 

PT 19 37 2.18±0.05 2.22±0.02 2.49±0.05 2.54±0.03 

45 2.31±0.11 2.17±0.06 2.57±0.06 2.67±0.21 

PT PA 37 2.23±0.16 2.08±0.17 2.79±0.13 1.50±0.13 

45 2.61±0.08 3.11±0.02 3.60±0.1 1.64±0.09 

PTNPF 37 2.74±0.20 1.35±0.01 2.4±0.15 2.22±0.11 

45 2.44±0.25 2.43±0.60 2.86±0.09 1.29±0.10 

MWP 14 37 1.51±0.53 1.2±0.11 2.17±0.22 1.59±0.07 

45 1.9±0.06 1.68±0.05 2.06±0.11 1.42±0.06 

MWP 15 37 2.42±0.14 2.79±0.33 3.44±0.11 2.14±0.27 

45 1.99±0.04 2.23±0.12 3.4±0.01 3.01±0.16 

MWPNPC 37 1.48±0.01 1.71±0.18 2.37±0.08 1.56±0.17 

45 1.83±0.18 2.77±0.27 3.35±0.19 2.51±0.06 

MWPNPD 37 2.18±0.23 2.20±0.19 2.33±0.32 2.30±0.01 

45 2.29±0.21 2.86±0.13 2.32±0.34 2.28±0.02 
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pH 9 in cell wall of biocides supplemented cells. At 45, higher DAP content was monitored in 

AWT 25 at both pHs (7 and 9) in biocides supplemented medium. While pH 9 and both 

temperatures (37 and 45 °C) were ideal for maximum DAP content in AWT 28 in biocides 

supplementation medium (Table-5.2)  

PT sample 

Variation in DAP content was recorded in all isolates of PT sample at both pHs and 

temperatures in the absence and presence of biocides. At pH 7, in PT 1, PT 2, PT 16, PT 19, 

PTNPF and PT PA (only at ), higher DAP content was observed at both temperatures in cell 

wall of cells cultured in the presence of biocides. At pH 9, only cell walls of PT 16 and PT 19 

showed increased DAP content (at 37 and 45 °C) in the presence of biocides. While cell walls 

of PT 1 (45 °C), PT PA (37 °C) showed more DAP content at both pHs (7, 9) in biocides 

supplemented medium (Table-5.2). 

MWP sample 

Both temperatures in combination with pHs resulted in variation in DAP content among MWP 

isolates in biocides free and supplemented media (Table-5.2). At pH 7, cell walls of all isolates 

exhibited more DAP content in the presence of biocides in the cultured medium. At pH 9, only 

MWP 14 (37 °C) showed more DAP content in cell wall of bacterial cultures growing in 

biocides supplemented medium (Table-5.2).  

Regarding DAP component of the cell wall, maximum content  was observed in AWT 33, 

a gram negative strain growing in biocide supplemented media (Table-4.2). DAP content (4.99 

µg ml
-1

) was recorded in this strain was the highest as compared to all other gram positive 

(AWT 1, AWT 2, AWT 10, AWT 13, AWT 14, AWT 16a, AWT 21, AWT 28, PT 1, PT 2, PT 

16, PTNPF, WP 14, WP 15 and WPNPC) and gram negative strains (AWT 25, PT 19, PT PA 

and WPNPD) (Table-5.2). 

DETERMINATION OF TEICHOIC ACID CONTENT  

Teichoic acid content of 15 biocide resistant strains was also monitored at different 

temperatures in combination with varying pHs (7, 9) after 24 hr incubation. Generally teichoic 

acid content was higher in cells (53%) in biocide free media. Neutral pH and both temperatures 

(37 °C, 45 °C) favoured the high content of teichoic acid in 93% isolates in both media. 
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Table-5.3    Determination of on teichoic acid contents (µmole/ g fresh wt.) of biocide 

resistant DUWL isolates at different temperatures (37 and 45ºC) and varying 

pHs (7 and 9). 

 

 

 

Bacterial strains 

 

 

 

Temp (° C) 

L-broth 

without biocides with biocides 

pH7 pH9 pH7 pH9 

AWT 1 37 156.83±3.06 130.50±3.49 132.37±4.44 115.20±3.08 

45 145.32±4.45 116.34±1.04 117.36±4.24 121.10±5.73 

AWT 2 37 129.80±1.30 151.47±7.95 132.40±6.96 155.69±6.03 

45 136.43±5.36 131.54±7.05 155.42±3.68 264.31±6.13 

AWT 10 37 136.33±6.47 141.32±6.38 205.14±7.18 121.90±7.16 

45 182.42±2.56 171.98±6.75 163.58±7.59 144.94±5.63 

AWT 13 37 196.57±3.08 175.50±7.09 143.05±4.98 139.65±3.44 

45 186.98±6.57 160.92±2.02 174.17±2.19 171.96±5.07 

AWT 14 37 128.23±9.27 153.69±5.31 215.13±5.45 120.30±0.68 

45 148.52±8.20 151.29±4.33 144.27±5.86 168.36±4.59 

AWT 16a 37 156.76±1.42 120.14±8.97 120.06±5.82 126.32±0.82 

45 134.04±2.71 138.72±1.37 136.02±0.90 136.09±0.26 

AWT 21 37 176.68±2.45 134.22±7.04 156.57±1.38 139.40±1.38 

45 178.67±7.44 160.76±4.63 188.02±2.66 181.28±4.31 

AWT 28 37 116.86±3.89 149.56±1.30 111.33±0.62 112.90±0.60 

45 117.46±6.05 160.90±1.06 172.69±4.38 148.08±0.92 

PT 1 37 171.26±4.65 126.35±5.41 125.20±3.22 134.99±0.84 

45 129.05±0.41 120.89±0.74 132.57±2.06 146.40±2.64 

PT 2 37 160.26±8.61 145.34±5.34 156.45±6.39 140.05±3.63 

45 131.21±0.34 150.62±8.58 134.43±6.91 153.06±5.25 

PT 16 37 128.92±6.17 177.64±0.99 182.68±4.85 168.70±3.33 

45 143.27±6.75 135.36±1.89 170.15±0.37 147.06±0.48 

PTNPF 37 185.59±4.75 128.20±0.92 139.32±4.79 144.84±6.07 

45 176.91±3.16 176.73±1.33 133.18±7.11 163.42±5.03 

MWP 14 37 158.69±0.72 140.37±0.82 139.60±2.63 148.10±3.87 

45 122.39±1.37 112.75±1.39 136.16±9.22 142.53±6.25 

MWP 15 37 205.03±8.16 183.00±9.53 137.63±2.28 165.87±1.62 

45 192.40±7.04 173.84±7.02 134.33±4.29 189.92±0.77 
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AWT sample 

In AWT isolates, teichoic acid content at pH 7 was observed to be more in the cell walls of 

cells, AWT 1, AWT 2 (except 45 °C), AWT 10 (except 37 °C), AWT 16a  (except 37 °C), 

AWT 28 and AWT 33 (except 45 °C), when grown in biocides free medium. While at pH 9, 

only AWT 2 (at 37 and 45 °C) and AWT 14 (45 °C), AWT 16a (45 °C) showed increase in 

teichoic acid content in their cell walls, when grown in biocides supplemented medium (Table-

5.3).  

PT sample 

In isolates of PT sample at pH 7, only cell walls of PT 1 (at 45 °C), PT 16 (37 and 45 °C) and 

PT 21 (45 °C) showed increased PG content in the presence of biocides. At pH 9, cell walls of 

PT 1 (37 and 45 °C), PT 2 (45 °C), PT 16 (45 °C), PT 21 (45 °C) and PTNPF (37 °C) showed 

more teichoic acid content in the presence of biocides. In general, in majority of cases pH 7 and 

was more appropriate for teichoic acid synthesis (Table-5.3).  

MWP sample 

In all MWP isolates at pH 7, teichoic acid content (except MWP 14 at 45 °C) was more in cell 

wall of isolates grown in biocides free L- broth at both 37 and 45 °C. At pH 9, MWP 14 at both 

temperatures and MWP 15, MWPNPC only at temperature exhibited mote teichoic acid in 

biocides supplemented L- broth (Figure-5.3).  

Overall, the highest teichoic acid content was determined in AWT 2. This strain showed the 

maximum content of 264.31 µmol g
-1 

at 37 °C and pH 9 in biocides supplemented medium 

compared to the rest of 14 isolates (Table-5.3).  

DISCUSSION 

Previously we have reported the resistance of DUWL biofilm bacteria against various biocides 

(Liaqat and Sabri, 2008a). There appeared to be a variety of mechanisms involved in providing 

resistance to different types of biocides in microorganisims (Russell, 2002a). Some organisms 

are intrinsically resistant, a natural property of all strains of the organism or genus. 

Alternatively, they may undergo changes in susceptibility which reflect either the conditions 

under which they were cultivated, mutation at a sensitive target site, or the acquisition of 
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genetic elements which encodes resistance mechanisms (Russell, 2002b). Biocides interact 

with micro-organisms initially at the cell surface. Intrinsic susceptibility is thus significantly 

influenced by cell wall composition and components of the outer surface, which determine this 

interaction and subsequent uptake by the cell (Russell, 2002a). Biocides must traverse the outer 

cell layer(s) of microbes to reach their target sites, usually present within microbial cells 

(Russell, 2002b). Therefore, cell wall can enhance or reduce the activity of biocides and other 

antimicrobial agents, thus making the bacteria either susceptible or resistant to biocides. Taking 

all this in view, quantitative analysis of PG, DAP and teichoic acid of biocide resistant strains 

in L-broth and biocide supplemented media was determined under varying temperatures and 

pHs. All this information can be of interest in interpreting the role of cell wall in conferring 

resistance of these isolates against various biocides. Since the antimicobial agents affect not 

only the cell morphology, biochemistry but also wall component synthesis (Russell, 2004).  

Peptidoglycan, an indispensable component of bacterial cell walls is responsible for the 

shape and integrity of the bacterial cell (Lambert, 2002). Cells have increased amount of PG in 

late exponential phase or stationary phase. For that reason amount of PG (hexoamine content) 

was determined after 24 hr in all isolates. Furthermore, to check the hexoamine in stress free 

conditions, hexomaine contents was also analysed in biocides free media. A constantly 

changing environment (expected in biofilm) in terms of temperature, pH, sunlight and the 

degree of pollution by chemical agents may have effect on cell wall constituents thus the PG 

content was observed at 37 °C and 45 °C in combination with two pHs (7, 9). Isolates (55%) 

from biocide free media have higher PG content than that of biocides supplemented media. pH 

7 in combination with both temperatures favoured the high PG content in AWT, MWP isolates 

while pH 9 resulted in higher content in PT isolates with some exceptions. Generally high 

temperature and shift in pH from neutrality caused reduction in PG content. It has also been 

reported that PG does not act
 
as an effective barrier to the entry of antiseptics and disinfectants. 

Since high-molecular-weight substances including phenols and chlorhexidine can traverse the 

cell wall with ease (Lambert, 2002).  Under normal circumstances, therefore, it is quite possible 

that biocides after penetration through the cell wall might affected the peptidoglycan synthesis 

resulting in slightly lower PG content in biocides supplemented media. Lambert (2002) has 

reported decreased PG synthesis by treatment of cells with β-lactams antibiotics. Russell 

(2001) reported the modification of cell wall by exposure to biocides. According to him growth 

rate and any growth limiting factor affect the physiological state of the cells, thus thickness and 

degree of cross linking of peptidoglycan are likely to be modified which explains the low PG 
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content in the biocide supplemented medium in this study. Another plausible explanation may 

be due to difference in growth rates of cells in biocide free and biocide supplemented medium. 

The decreased doubling time and resistant to biocides all indicate a modification in cell wall 

(Lambert, 2002).   

In contrast to our findings in AWT and PT, high PG content was observed in MWP 

isolates in biocide supplemented media. This explains that resistance in these isolates might be 

related to thickened cell wall with increased amounts of nonamidated glutamine residues in the 

peptidoglycan. This thickened cell wall trap the biocides denying the access of biocides to 

target sites, hence conferring resistance to strains. Cui et al., (2002) reported the reduced 

sensitivity of Staphylococcus aureus to vancomycin on this basis. 

In 70 % of isolates higher PG content was observed at pH 7. Peptidoglycan hydrolases 

are endogenous cell wall bacterial enzymes that hydrolyse
 
bonds in the peptidoglycan structure. 

Factors such as pH, temperature, salt concentration, and carbon
 
source appear to influence the 

autolytic process by PG hydrolases (Kang et al., 2003). Thus deviation from neutral pH may 

result in the activation of PG hydrolases and resulting in lower amount of PG. In 30% of 

isolates PG content was higher in biocide supplemented media at pH 9. This may be due to 

inactivation of PG hydrolases in these strains since the degree of autolysis is strain dependent,
 

and the process normally starts after the exponential growth
 

phase. Furthermore, 

characterization of individual peptidoglycan hydrolases
 
was complicated due to many bacterial 

species possessing more
 
than one enzyme with the same lytic activity (Kang et al., 2003). 

When PG contents was observed at 37 °C and 45 °C, 50 % of isolates showed high PG content 

at 37. 66% preferred 45 for high PG content in biocide supplemented media. This may again be 

due to thickened cell wall in response to unfavourable environmental conditions (Cui et al., 

2002). The role of cell wall is very vital in bacterial growth and survival in hostile 

environments. However, the role of the cell wall as a barrier to the penetration of toxic 

molecules differs considerably between gram-positive bacteria and gram-negative bacteria. 75 

% of strains used in this study were gram positive while the rest 25% were gram negative. 

Maximum PG content was determined in a gram positive strain i.e., AWT 2. This is due to the 

fact that PG is particularly abundant in gram-positive bacteria, in which
 
it accounts for 

approximately one-half of the cell wall mass.
           

http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Kang%20OJ%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Kang%20OJ%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstractPlus
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Figure-5.1    Determination of on peptidoglycan (PG) contents (µmole/ g fresh wt.) of 

biocide resistant DUWL isolates at different temperatures (37 and 45ºC) and varying 

pHs (7 and 9). 
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Figure-5.2    Determination of on daminopimelic acid (DAP) contents (µmole/ g fresh 

wt.) of biocide resistant DUWL isolates at different temperatures (37 and 45ºC) and 

varying pHs (7 and 9). 
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Figure-5.3    Determination of on teichoic acid contents (µmole/ g fresh wt.) of 

biocide resistant DUWL isolates at different temperatures (37 and 45ºC) and varying 

pHs (7 and 9). 
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On the other hand, gram-negative bacteria contain only a relatively thin PG layer in the 

periplasmic space (Wolfert et al., 2007). 

The amount of DAP and teichoic acid was also determined in biocide free and biocide 

supplemented media after 24 hr at 37 °C and 45 °C incombination with varying pHs. DAP is 

known as an important constituent of the 'basic structure' of the bacterial cell wall and is 

commonly the third amino
 
acid of the peptide moieties of PG. Most rod-shaped gram-positive 

bacteria
 
have a diaminopimelic acid (DAP) (Liu et al., 2007; Wolfert et al., 2007). Generally 

the amount of DAP was high in cells in biocide supplemented media at pH 7 and 45 °C. The 

more DAP content in biocide supplemented media may be related to the modification of the 

cell wall in response to biocides. DAP has been considered to play very important role in 

survival of bacteria under unfavourable circumstances. Many
 
strains of gram-negative bacteria 

modify the DAP as amides. Similarly, most of the peptide subunits
 
of B. subtilis and B. 

licheniformis have an amide substituent
 
on the carboxyl group of the D-asymmetric carbon of 

DAP. The amidation of PG or DAP can be a strategy of bacteria to avoid detection by host 

immune system (Wolfert et al., 2007). The high amount of DAP in biocides supplemented 

media, observed in some cases, may be related to low amount of PG in the presence of 

biocides. It may be possible that bacteria have modified their PG moiety to survive under 

unfavourable conditions. Previously, it was found that PG fragments from B.
 
subtilis also do 

not activate NOD1 which is a nucleotide-binding oligomerization domain protein 1 (NOD1)
 

and NOD2 are pathogen recognition receptors that sense breakdown
 
products of peptidoglycan. 

Interestingly, PG
 
of this gram-positive bacterial strain contains DAP as the third

 
amino acid, 

which is 95% amidated (Chamaillard et al., 2003). Thus, modification
 
of the -carboxylic acid 

of DAP may be another way to avoid detection
 
by NOD1 (Wolfert et al., 2007). High 

temperature and neutral pH favoured the high DAP content which again be related to stress or 

unfavourable conditions, hence the elevated level of DAP in resistant isolates. Increase in 

teichoic acid and DAP content due to alteration in pHs and temperatures has already been 

reported previously (Sabri and Hasnain, 1997). On the basis of gram staining classification, 

maximum DAP content was monitored in gram negative strain i.e., AWT 33. This might be 

associated to low amount of PG in this strain. 

Linear anionic polymers, termed teichoic or teichuronic acids are covalently linked to the 

peptidoglycan, giving the wall a net negative charge. Teichoic acids are linear polymers of 

repeating units of ribitol or glycerol units linked by phosphodiesters. Generally teichoic acid 

http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Wolfert%20MA%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Liu%20H%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Wolfert%20MA%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Wolfert%20MA%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Wolfert%20MA%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstractPlus
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content was more in biocide free media than biocide supplemented media. Temperature did not 

show any significant effect and high teichoic acid content was noted at both temperatures (37 

°C, 45 °C). Neutral pH, however, was found to favour the high techoic acid content in 93% of 

strains Bhavsar  et al. (2004) reported that teichoic acid are essential for the isolation of 

temperature-sensitive mutants derived from
 

random mutagenesis of strain 168. At the 

restrictive temperature,
 
these mutants exhibited extremely poor growth and an abnormal

 

coccoid morphology characteristic of cell wall mutants. The quantity of teichoic acid was 

shown to be greatly reduced
 
in the walls of these mutant strains (Bhavsar  et al., 2004). It was 

noticed, however, in this study that elevated temperature resulted in enhanced teichoic acid 

content in cell walls of cells grown in biocide supplemented medium. Since biocides used in 

this study include chelators i.e., EDTA which affect the permeability properties of cell wall. 

Thus the increase teichoic acid amount may be related to its wall shape maintenance. Various 

functions of wall teichoic acid have been proposed
 
and many of them are related to its anionic 

character, such
 
as cell shape maintenance by charge repulsion or buffering

 
of magnesium ions 

(Bhavsar  et al., 2004). 

Among AWT isolates, 37 °C was found to be ideal for the maximum teichoic acid 

content among all strains except for AWT 2. In this strain maximum teichoic acid content of 

64.31 µmol g
-1 

was observed at 45 °C and pH 9. Among PT isolates, pH 7 was observed best 

for high teichoic acid content in all isolates (PT 1, PT 2, PT 16 and PTNPF). Maximum 

teichoic acid contents of PT 1, PT 2, PTNPF was determined in biocides free medium at 37 °C. 

Generally teichoic acid content was more in biocides free media (53% isolates) than biocides 

supplemented media. Low teichoic acid in biocides supplemented medium was due to its 

ability to modify itself as noticed by the amidation of PG or DAP above. Another possible 

reason for low teichoic acid in biocide supplemented medium was due to its ability to modify 

itself as noticed by the amidation of PG or DAP above. Ellwood and other workers (1969) have 

reported that teichoic acid is replaced by teichuronic
 
acid when B. subtilis is grown under 

phosphate-limited conditions. Teichuronic
 

acid is a phosphate-free carbohydrate
 

polymer 

containing glucuronic acid which enables the bacteria to grow during phosphate limitation. 

Furthermore, these strains are isolated from medial settings with the possible implication that 

these are pathogenic and teichoic acid has been reported as a virulence factor (Bhavsar  et al., 

2004).  

Restricted permeability is undoubtedly one important factor in determining resistance and  

http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Bhavsar%20AP%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Bhavsar%20AP%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Bhavsar%20AP%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Bhavsar%20AP%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstractPlus
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no agent will be effective unless it can penetrate the cell wall (Russell, 2002). However, 

antimicrobial resistance is not always due to the permeability barrier of the cell wall alone 

(Russell, 2004). This approach has led to identify the role of cell wall in contributing resistance 

to biocides among medical isolates. New approaches are needed to view restricted permeability 

of the cell wall acting in combination with other mechanisms, including expression of efflux 

systems, inactivating enzymes and changes in target sites. With the increasing knowledge of 

genomic sequences, the identification of resistance genes in organisms is possible. To culture 

these modified strains is an attractive and exciting prospect in this regard but may be dangerous 

without knowing its prospects. Further work at molecular level on cell wall will unvail the 

resistance mechanisms exhibited by these isolates against different biocides.  
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Chapter 6 

 

IDENTIFICATION OF PHYLOGENETIC RELATIONSHIP OF 

BIOCIDES RESISTANT DUWL BIOFILM ISOLATES 

THROUGH 16S rRNA SEQUENCING 

 

Identification of biocides resistant DUWL biofilm isolates has traditionally been accomplished 

morphologically, biochemically and physiologically by determining the shape, size, 

assimilation
 
and fermentation patterns of a number of carbohydrates and nitrogen

 
sources. 

Advances have been made in automating and improving detection
 
times using biochemical 

methods. However, traditional phenotypic identification
 
is difficult and time-consuming, and 

when phenotypic methods are
 
used to identify bacteria, interpretation of test results can

 
involve 

a substantial amount of subjective judgement. Phenotypic
 
variability among strains belonging 

to the same species also results
 
in some bacterial isolates presenting characteristics that are

 

atypical for candidate identification (Drancourt et al., 2000). While phenotypic characteristics 

used for their identification are affected by physiological factors or are not sufficiently 

sensitive to distinguish between species, fatty acid composition, genetic transformation, DNA–

DNA hybridisation data and molecular methods based on polymerise chain-reaction (PCR) 

have been increasingly used in microbial taxonomy (Chun and Bae, 2000). Comparisons of 

16S rDNA sequences are one of the most powerful tools for the classification of microrganisms 

(Wu et al., 2006). Accurate identification of bacterial isolates is accomplished by using 

molecular biological approach of ribotyping and comparing similarities
 
in the rRNA gene 

sequences. The sequence data
 
for the 16S rRNA gene is highly conserved for different 

organisms
 
and has also been shown to be very accurate for genus and species

 
identification of 

eubacteria. Carl Woese and his colleagues were responsible for the initial use of 16S rRNA 

sequence data to study phylogenetic relationship among prokaryotes (Woese et al., 1975). It 

consists of about 1800 bases and is homologous to the eukaryotic 18S rRNA. Subsequently, a 

number of authors have identified/constructed and published phylogenetic trees based on 16S 

rRNA gene sequences (Ruppitsch et al., 2007; Wang et al., 2007; Miranda et al., 2008). 

Comparisons of the sequence between different species suggest the degree to which they are 

related to each other; a relatively greater or lesser difference between two species suggests a 

relatively earlier or later time in which they shared a common ancestor. 16S rRNA has 

properties, which predestine it as a universal phylogenetic marker. There are regions on the 16S 

http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Drancourt%20M%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstractPlusDrugs1
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Ruppitsch%20W%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstractPlusDrugs1
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Wang%20LT%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstractPlusDrugs1
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Miranda%20CA%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstractPlusDrugs1
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rRNA that are quite conserved and others, which are variable. Comparing the differences in the 

base sequence of this 16S rRNA gene is, therefore, an excellent means to study evolutionary 

changes and phylogenetic relatedness of organisms. Hence genotypic classification based on 

nucleotide sequence comparison of 16S rRNA genes has become available as additional 

taxonomic tool. Using this new standard, phylogenetic trees, based on base differences between 

species, are constructed, and bacteria are classified and reclassified into new genera. Molecular 

identification techniques provide two primary advantages to phenotypic identification: a more 

rapid turnaround time and improved accuracy in identification (Miranda et al., 2008). 

Molecular phylogeny increasingly supports the understanding of organismic relationships and 

provides the basis for the classification of microrganisms according to their natural affiliations.  

In the present chapter molecular identification of biocides resistant isolates is being described. 

Six biocides resistant isolates AWT 2, AWT 13, AWT 25, MWPNPD, PT 19 and PT PA were 

selected for this purpose. Out of 20 different isolates, above mentioned isolates only were 

resistant to 150µg ml
-1 

of eight biocides (5.25% sodium hypocholrite, 35% H2O2, 4%, tween 

20, 1% povidine iodine, 0.2% chlohexidine gluconate, 1% ethylene di-amino tetra acetic acid 

and 1% phenol). 

AMPLIFICATION OF 16S RRNA GENES IN ISOLATES (AWT 2, AWT 13, AWT 25, 

MWPNPD, PT 19, PT PA,) 

 The 16S rRNA genes were amplified by using general bacterial primers. The forward primer 

(27 f 5′- CCAGAGTTTGATCCTGGCTCAG-3′) and reverse primer (1522 r 5′- 

AGGAGGTGATCCA(AG) CCGCA-3′) were used for amplification of 16S rRNA genes of 

biocides resistant isolates from DUWLs. The amplification requirement and conditions 

observed during amplification were described in Chapter-2. The amplified 16S rRNA gene was 

1.5 kb in each isolate (Figure 6.1). 

 

 

AWT isolates 

 

AWT 2 

 

All sequencing attempts were made using an automated ABI 3730 capillary sequencer 

according to the manufacturer's instructions 

(http://www.shef.ac.uk/medicine/research/corefacilities/genetics.html). The obtained forward 

and reverse sequences of each sample were assembled and edited using Chromas Lite  

http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Miranda%20CA%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstractPlusDrugs1
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     (a).                                              (b).                                               (c).  

 

 

 

Figure-6.1       Gel photographs of 16S rRNA (1500 bp). Genes of AWT 25, MWPNPD, 

PT PA, PT 19, AWT 2 and AWT 13 isolates. (a).  Lane 1 DNA Ladder, Lane 2 16S 

rRNA gene of AWT 25; (b). Lane 2, DNA Ladder, Lane 1 and Lane 3, 16S rRNA genes 

of MWPNPD and PT PA isolates respectively; (c). Lane 1 DNA Ladder, Lane 2 and 

Lane 3, 16S rRNA genes of AWT 2 and AWT 13 respectively. 
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(Technelysium Pty Ltd., Tewantin, QLD, Australia).The software was used to assemble each 

forward and reverse sequence into a consensus sequence, which was edited to resolve base 

pair ambiguities between the four strands by evaluating the DNA bands. Almost full-length 

sequences ( > 95%) of bacterial 16S rRNA gene (1453 bp) were compared with the database 

(Genbank) using the NCBI Blast programme (Altschul et al., 1997). The 16S rRNA gene 

partial sequences of AWT 2 isolate obtained from sequenced PCR product showed 99% 

sequence homology to Bacillus cereus strain ST307  (Table-6.1). The sequence is submitted 

to NCBI GenBank with accession number DQ989214 and its identity is now Bacillus cereus 

IL2. 

 

Sequence of 16S rRNA gene 

 

gctatactgc aagtcgagcg aatggattaa gagcttgctc ttatgaagtt agcggcggac gggtgagtaa 

cacgtgggta acctgcccat aagactggga taactccggg aaaccggggc taataccgga taacattttg 

aaccgcatgg ttcgaaattg aaaggcggct tcggctgtca cttatggatg gacccgcgtc gcattagcta 

gttggtgagg taacggctca ccaaggcaac gatgcgtagc cgacctgaga gggtgatcgg ccacactggg 

actgagacac ggcccagact cctacgggag gcagcagtag ggaatcttcc gcaatggacg aaagtctgac 

ggagcaacgc cgcgtgagtg atgaaggctt tcgggtcgta aaactctgtt gttagggaag aacaagtgct 

agttgaataa gctggcacct tgacggtacc taaccagaaa gccacggcta actacgtgcc agcagccgcg 

gtaatacgta ggtggcaagc gttatccgga attattgggc gtaaagcgcg cgcaggtggt ttcttaagtc 

tgatgtgaaa gcccacggct caaccgtgga gggtcattgg aaactgggag acttgagtgc agaagaggaa 

agtggaattc catgtgtagc ggtgaaatgc gtagagatat ggaggaacac cagtggcgaa ggcgactttt 

ctggtctgta actgacactg aggcgcgaaa gcgtggggag caaacaggat tagataccct ggtagtccac 

gccgtaaacg atgagtgcta agtgttagag ggtttccgcc ctttagtgct gaagttaacg cattaagcac 

tccgcctggg gagtacggcc gcaaggctga aactcaaagg aattgacggg ggcccgcaca agcggtggag 

catgtggttt aattcgaagc aacgcgaaga accttaccag gtcttgacat cctctgaaaa ccctagagat 

agggcttctc cttcgggagc agagtgacag gtggtgcatg gttgtcgtca gctcgtgtcg tgagatgttg 

ggttaagtcc cgcaacgagc gcaacccttg atcttagttg ccatcattaa gttgggcact ctaaggtgac 

tgccggtgac aaaccggagg aaggtgggga tgacgtcaaa tcatcatgcc ccttatgacc tgggctacac 

acgtgctaca atggacggta caaagagctg caagaccgcg aggtggagct aatctcataa aaccgttctc 

agttcggatt gtaggctgca actcgcctac atgaagctgg aatcgctagt aatcgcggat cagcatgccg 

cggtgaatac gttcccgggc cttgtacaca ccgcccgtca caccacgaga gtttgtaaca cccgaagtcg 

gtggggtaac ctttttggag ccagccgcct aagtgggaca gatgactggg tga  

 

 

Table-6.1 The Homology/similarity studies of AWT 2 strain 

 

gb|EU350369.1|  Bacillus cereus strain ST307 16S ribosomal RNA gene, partial  

sequence 

Length=1510 

 

 Score = 2652 bits (1436),  Expect = 0.0 

 Identities = 1448/1453 (99%), Gaps = 4/1453 (0%) 

 Strand=Plus/Plus 
 
Query  4  ATAC-TGCAAGTCGAGCGAATGGATTAAGAGCTTGCTCTTATGAAGTTAGCGGCGGACGG  62 

          |||| ||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

Sbjct 44  ATACATGCAAGTCGAGCGAATGGATTAAGAGCTTGCTCTTATGAAGTTAGCGGCGGACGG  103 

 

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=Nucleotide&list_uids=164562279&dopt=GenBank&RID=VBG7N42Z01R&log$=nuclalign&blast_rank=2
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Query  63 GTGAGTAACACGTGGGTAACCTGCCCATAAGACTGGGATAACTCCGGGAAACCGGGGCTA  122 

          |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

Sbjct 104 GTGAGTAACACGTGGGTAACCTGCCCATAAGACTGGGATAACTCCGGGAAACCGGGGCTA  163 

 

Query 123 ATACCGGATAACATTTTGAACCGCATGGTTCGAAATTGAAAGGCGGCTTCGGCTGTCACT  182 

          |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

Sbjct 164 ATACCGGATAACATTTTGAACCGCATGGTTCGAAATTGAAAGGCGGCTTCGGCTGTCACT  223 

 

Query 183 TATGGATGGACCCGCGTCGCATTAGCTAGTTGGTGAGGTAACGGCTCACCAAGGCAACGA  242 

          |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

Sbjct 224 TATGGATGGACCCGCGTCGCATTAGCTAGTTGGTGAGGTAACGGCTCACCAAGGCAACGA  283 

 

Query 243 TGCGTAGCCGACCTGAGAGGGTGATCGGCCACACTGGGACTGAGACACGGCCCAGACTCC  302 

          |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

Sbjct 284 TGCGTAGCCGACCTGAGAGGGTGATCGGCCACACTGGGACTGAGACACGGCCCAGACTCC  343 

 

Query 303 TACGGGAGGCAGCAGTAGGGAATCTTCCGCAATGGACGAAAGTCTGACGGAGCAACGCCG  362 

          |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

Sbjct 344 TACGGGAGGCAGCAGTAGGGAATCTTCCGCAATGGACGAAAGTCTGACGGAGCAACGCCG  403 

 

Query 363 CGTGAGTGATGAAGGCTTTCGGGTCGTAAAACTCTGTTGTTAGGGAAGAACAAGTGCTAG  422 

          |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

Sbjct 404 CGTGAGTGATGAAGGCTTTCGGGTCGTAAAACTCTGTTGTTAGGGAAGAACAAGTGCTAG  463 

 

Query 423 TTGAATAAGCTGGCACCTTGACGGTACCTAACCAGAAAGCCACGGCTAACTACGTGCCAG  482 

          |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

Sbjct 464 TTGAATAAGCTGGCACCTTGACGGTACCTAACCAGAAAGCCACGGCTAACTACGTGCCAG  523 

 

Query 483 CAGCCGCGGTAATACGTAGGTGGCAAGCGTTATCCGGAATTATTGGGCGTAAAGCGCGCG  542 

          |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

Sbjct 524 CAGCCGCGGTAATACGTAGGTGGCAAGCGTTATCCGGAATTATTGGGCGTAAAGCGCGCG  583 

 

Query 543 CAGGTGGTTTCTTAAGTCTGATGTGAAAGCCCACGGCTCAACCGTGGAGGGTCATTGGAA  602 

          |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

Sbjct 584 CAGGTGGTTTCTTAAGTCTGATGTGAAAGCCCACGGCTCAACCGTGGAGGGTCATTGGAA  643 

 

Query 603 ACTGGGAGACTTGAGTGCAGAAGAGGAAAGTGGAATTCCATGTGTAGCGGTGAAATGCGT  662 

          |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

Sbjct 644 ACTGGGAGACTTGAGTGCAGAAGAGGAAAGTGGAATTCCATGTGTAGCGGTGAAATGCGT  703 

 

Query 663 AGAGATATGGAGGAACACCAGTGGCGAAGGCGACTTTTCTGGTCTGTAACTGACACTGAG  722 

          |||||||||||||||||||||||||||||||||| ||||||||||||||||||||||||| 

Sbjct 704 AGAGATATGGAGGAACACCAGTGGCGAAGGCGAC-TTTCTGGTCTGTAACTGACACTGAG  762 

 

Query 723 GCGCGAAAGCGTGGGGAGCAAACAGGATTAGATACCCTGGTAGTCCACGCCGTAAACGAT  782 

          |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

Sbjct 763 GCGCGAAAGCGTGGGGAGCAAACAGGATTAGATACCCTGGTAGTCCACGCCGTAAACGAT  822 

 

Query 783 GAGTGCTAAGTGTTAGAGGGTTTCCGCCCTTTAGTGCTGAAGTTAACGCATTAAGCACTC  842 

          |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

Sbjct 823 GAGTGCTAAGTGTTAGAGGGTTTCCGCCCTTTAGTGCTGAAGTTAACGCATTAAGCACTC  882 

 

Query 843 CGCCTGGGGAGTACGGCCGCAAGGCTGAAACTCAAAGGAATTGACGGGGGCCCGCACAAG  902 

          |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

Sbjct 883 CGCCTGGGGAGTACGGCCGCAAGGCTGAAACTCAAAGGAATTGACGGGGGCCCGCACAAG  942 

 

Query 903 CGGTGGAGCATGTGGTTTAATTCGAAGCAACGCGAAGAACCTTACCAGGTCTTGACATCC  962 

          |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

Sbjct 943 CGGTGGAGCATGTGGTTTAATTCGAAGCAACGCGAAGAACCTTACCAGGTCTTGACATCC  1002 
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Query 963 TCTGAAAACCCTAGAGATAGGGCTTCTCCTTCGGGAGCAGAGTGACAGGTGGTGCATGGT  1022 

          |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

Sbjct 100 TCTGAAAACCCTAGAGATAGGGCTTCTCCTTCGGGAGCAGAGTGACAGGTGGTGCATGGT  1062 

 

Query1023 TGTCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCTTGAT  1082 

          |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

Sbjct1063 TGTCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCTTGAT  1122 

 

Query1083 CTTAGTTGCCATCATTAAGTTGGGCACTCTAAGGTGACTGCCGGTGACAAACCGGAGGAA  1142 

          |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

Sbjct1123 CTTAGTTGCCATCATTAAGTTGGGCACTCTAAGGTGACTGCCGGTGACAAACCGGAGGAA  1182 

 

 

Query1143 GGTGGGGATGACGTCAAATCATCATGCCCCTTATGACCTGGGCTACACACGTGCTACAAT  1202 

          |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

Sbjct1183 GGTGGGGATGACGTCAAATCATCATGCCCCTTATGACCTGGGCTACACACGTGCTACAAT  1242 

 

Query1203 GGACGGTACAAAGAGCTGCAAGACCGCGAGGTGGAGCTAATCTCATAAAACCGTTCTCAG  1262 

          |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

Sbjct1243 GGACGGTACAAAGAGCTGCAAGACCGCGAGGTGGAGCTAATCTCATAAAACCGTTCTCAG  1302 

 

Query1263 TTCGGATTGTAGGCTGCAACTCGCCTACATGAAGCTGGAATCGCTAGTAATCGCGGATCA  1322 

          |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

Sbjct1303 TTCGGATTGTAGGCTGCAACTCGCCTACATGAAGCTGGAATCGCTAGTAATCGCGGATCA  1362 

 

Query1323 GCATGCCGCGGTGAATACGTTCCCGGGCCTTGTACACACCGCCCGTCACACCACGAGAGT  1382 

          |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

Sbjct1363 GCATGCCGCGGTGAATACGTTCCCGGGCCTTGTACACACCGCCCGTCACACCACGAGAGT  1422 

 

Query1383 TTGTAACACCCGAAGTCGGTGGGGTAACCTTTTTGGAGCCAGCCGCCTAAG-TGGGACAG  1441 

          ||||||||||||||||||||||||||||||||||||||||||||||||||| |||||||| 

Sbjct1423 TTGTAACACCCGAAGTCGGTGGGGTAACCTTTTTGGAGCCAGCCGCCTAAGGTGGGACAG  1482 

 

Query1442  ATGACTGGG-TGA  1453 

           |||| |||| ||| 

Sbjct1483  ATGATTGGGGTGA  1495 

 

Query: The sequence of AWT 2 submitted to blast 

Subject: The sequence of Bacillus cereus strain ST307 retrieved through blast 
 

 

AWT 13 

 

The obtained sequence was of 1419 bases. The 16S rRNA gene partial sequences of AWT 13 

isolate obtained from sequenced PCR product showed 99% similarity to Bacillus sp. B144 

(Table-6.2). The sequence is submitted to Gen bank and the accession number of this strain 16s 

rRNA gene is DQ989210 and its identity is now Bacillus subtilis IL4. 

 

Sequence of 16S rRNA gene 

gcctaatact gcaagtcgag cggacagatg ggagcttgct ccctgatgtt agcggcggac gggtgagtaa 

cacgtgggta acctgcctgt aagactggga taactccggg aaaccggggc taataccgga tgcttgtttg 

aaccgcatgg ttcaaacata aaaggtggct tcggctacca cttacagatg gacccgcggc gcattagcta 

gttggtgagg taatggctca ccaaggcgac gatgcgtagc cgacctgaga gggtgatcgg ccacactggg 

actgagacac ggcccagact cctacgggag gcagcagtag ggaatcttcc gcaatggacg aaagtctgac 

ggagcaacgc cgcgtgagtg atgaaggttt tcggatcgta aagctctgtt gttagggaag aacaagtacc 
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gttcgaatag ggcggtacct tgacggtacc taaccagaaa gccacggcta actacgtgcc agcagccgcg 

gtaatacgta ggtggcaagc gttgtccgga attattgggc gtaaagggct cgcaggcggt ttcttaagtc 

tgatgtgaaa gcccccggct caaccgggga gggtcattgg aaactgggga acttgagtgc agaagaggag 

agtggaattc cacgtgtagc ggtgaaatgc gtagagatgt ggaggaacac cagtggcgaa ggcgactctc 

tggtctgtaa ctgacgctga ggagcgaaag cgtggggagc gaacaggatt agataccctg gtagtccacg 

ccgtaaacga tgagtgctaa gtgttagggg gtttccgccc cttagtgctg cagctaacgc attaagcact 

ccgcctgggg agtacggtcg caagactgaa actcaaagga attgacgggg gcccgcacaa gcggtggagc 

atgtggttta attcgaagca acgcgaagaa ccttaccagg tcttgacatc ctctgacaat cctagagata 

ggacgtcccc ttcgggggca gagtgacagg tggtgcatgg ttgtcgtcag ctcgtgtcgt gagatgttgg 

gttaagtccc gcaacgagcg caacccttga tcttagttgc cagcattcag ttgggcactc taaggtgact 

gccggtgaca aaccggagga aggtggggat gacgtcaaat catcatgccc cttatgacct gggctacaca 

cgtgctacaa tggacagaac aaagggcagc gaaaccgcga ggttaagcca atcccacaaa tctgttctca 

gttcggatcg cagtctgcaa ctcgactgcg tgaagctgga atcgctagta atcgcggatc agcatgccgc 

ggtgaatacg ttcccgggcc ttgtacacac cgcccgtcac accacgagag tttgtaacac ccgaagtcgg 

tgaggtaacc tttagacca 

 

 

Table-6.2 The Homology/similarity studies of AWT 13 strain 

 

gb|EF370054.1|  Bacillus sp. B144 from Halichondria rugosa 16S ribosomal RNA  

gene, partial sequence 

Length=1433 

 

 Score = 2601 bits (1408),  Expect = 0.0 

 Identities = 1411/1412 (99%), Gaps = 1/1412 (0%) 

 Strand=Plus/Plus 
 
Query 3   CTAATAC-TGCAAGTCGAGCGGACAGATGGGAGCTTGCTCCCTGATGTTAGCGGCGGACG  61 

          ||||||| |||||||||||||||||||||||||||||||||||||||||||||||||||| 

Sbjct 1   CTAATACATGCAAGTCGAGCGGACAGATGGGAGCTTGCTCCCTGATGTTAGCGGCGGACG  60 

 

Query 62  GGTGAGTAACACGTGGGTAACCTGCCTGTAAGACTGGGATAACTCCGGGAAACCGGGGCT  121 

          |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

Sbjct 61  GGTGAGTAACACGTGGGTAACCTGCCTGTAAGACTGGGATAACTCCGGGAAACCGGGGCT  120 

 

Query 122 AATACCGGATGCTTGTTTGAACCGCATGGTTCAAACATAAAAGGTGGCTTCGGCTACCAC  181 

          |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

Sbjct 121 AATACCGGATGCTTGTTTGAACCGCATGGTTCAAACATAAAAGGTGGCTTCGGCTACCAC  180 

 

Query 182 TTACAGATGGACCCGCGGCGCATTAGCTAGTTGGTGAGGTAATGGCTCACCAAGGCGACG  241 

          |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

Sbjct 181 TTACAGATGGACCCGCGGCGCATTAGCTAGTTGGTGAGGTAATGGCTCACCAAGGCGACG  240 

 

Query 242 ATGCGTAGCCGACCTGAGAGGGTGATCGGCCACACTGGGACTGAGACACGGCCCAGACTC  301 

          |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

Sbjct 241 ATGCGTAGCCGACCTGAGAGGGTGATCGGCCACACTGGGACTGAGACACGGCCCAGACTC  300 

 

Query 302 CTACGGGAGGCAGCAGTAGGGAATCTTCCGCAATGGACGAAAGTCTGACGGAGCAACGCC  361 

          |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

Sbjct 301 CTACGGGAGGCAGCAGTAGGGAATCTTCCGCAATGGACGAAAGTCTGACGGAGCAACGCC  360 

 

Query 362 GCGTGAGTGATGAAGGTTTTCGGATCGTAAAGCTCTGTTGTTAGGGAAGAACAAGTACCG  421 

          |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

Sbjct 361 GCGTGAGTGATGAAGGTTTTCGGATCGTAAAGCTCTGTTGTTAGGGAAGAACAAGTACCG  420 

 

Query 422 TTCGAATAGGGCGGTACCTTGACGGTACCTAACCAGAAAGCCACGGCTAACTACGTGCCA  481 

          |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

Sbjct 421 TTCGAATAGGGCGGTACCTTGACGGTACCTAACCAGAAAGCCACGGCTAACTACGTGCCA  480 

 

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=Nucleotide&list_uids=125489156&dopt=GenBank&RID=VBFGN194013&log$=nuclalign&blast_rank=2
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Query 482 GCAGCCGCGGTAATACGTAGGTGGCAAGCGTTGTCCGGAATTATTGGGCGTAAAGGGCTC  541 

          |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

Sbjct 481 GCAGCCGCGGTAATACGTAGGTGGCAAGCGTTGTCCGGAATTATTGGGCGTAAAGGGCTC  540 

 

Query 542 GCAGGCGGTTTCTTAAGTCTGATGTGAAAGCCCCCGGCTCAACCGGGGAGGGTCATTGGA  601 

          |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

Sbjct 541 GCAGGCGGTTTCTTAAGTCTGATGTGAAAGCCCCCGGCTCAACCGGGGAGGGTCATTGGA  600 

 

Query 602 AACTGGGGAACTTGAGTGCAGAAGAGGAGAGTGGAATTCCACGTGTAGCGGTGAAATGCG  661 

          |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

Sbjct 601 AACTGGGGAACTTGAGTGCAGAAGAGGAGAGTGGAATTCCACGTGTAGCGGTGAAATGCG  660 

 

Query 662 TAGAGATGTGGAGGAACACCAGTGGCGAAGGCGACTCTCTGGTCTGTAACTGACGCTGAG  721 

          |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

Sbjct 661 TAGAGATGTGGAGGAACACCAGTGGCGAAGGCGACTCTCTGGTCTGTAACTGACGCTGAG  720 

 

Query 722 GAGCGAAAGCGTGGGGAGCGAACAGGATTAGATACCCTGGTAGTCCACGCCGTAAACGAT  781 

          |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

Sbjct 721 GAGCGAAAGCGTGGGGAGCGAACAGGATTAGATACCCTGGTAGTCCACGCCGTAAACGAT  780 

 

Query 782 GAGTGCTAAGTGTTAGGGGGTTTCCGCCCCTTAGTGCTGCAGCTAACGCATTAAGCACTC  841 

          |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

Sbjct 781 GAGTGCTAAGTGTTAGGGGGTTTCCGCCCCTTAGTGCTGCAGCTAACGCATTAAGCACTC  840 

 

Query 842 CGCCTGGGGAGTACGGTCGCAAGACTGAAACTCAAAGGAATTGACGGGGGCCCGCACAAG  901 

          |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

Sbjct 841 CGCCTGGGGAGTACGGTCGCAAGACTGAAACTCAAAGGAATTGACGGGGGCCCGCACAAG  900 

 

Query 902 CGGTGGAGCATGTGGTTTAATTCGAAGCAACGCGAAGAACCTTACCAGGTCTTGACATCC  961 

          |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

Sbjct 901 CGGTGGAGCATGTGGTTTAATTCGAAGCAACGCGAAGAACCTTACCAGGTCTTGACATCC  960 

 

Query 962 TCTGACAATCCTAGAGATAGGACGTCCCCTTCGGGGGCAGAGTGACAGGTGGTGCATGGT  1021 

          |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

Sbjct 961 TCTGACAATCCTAGAGATAGGACGTCCCCTTCGGGGGCAGAGTGACAGGTGGTGCATGGT  1020 

 

Query1022 TGTCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCTTGAT  1081 

          |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

Sbjct1021 TGTCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCTTGAT  1080 

 

Query1082 CTTAGTTGCCAGCATTCAGTTGGGCACTCTAAGGTGACTGCCGGTGACAAACCGGAGGAA  1141 

          |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

Sbjct1081 CTTAGTTGCCAGCATTCAGTTGGGCACTCTAAGGTGACTGCCGGTGACAAACCGGAGGAA  1140 

 

Query1142 GGTGGGGATGACGTCAAATCATCATGCCCCTTATGACCTGGGCTACACACGTGCTACAAT  1201 

          |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

Sbjct1141 GGTGGGGATGACGTCAAATCATCATGCCCCTTATGACCTGGGCTACACACGTGCTACAAT  1200 

 

Query1202 GGACAGAACAAAGGGCAGCGAAACCGCGAGGTTAAGCCAATCCCACAAATCTGTTCTCAG  1261 

          |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

Sbjct1201 GGACAGAACAAAGGGCAGCGAAACCGCGAGGTTAAGCCAATCCCACAAATCTGTTCTCAG  1260 

 

Query1262 TTCGGATCGCAGTCTGCAACTCGACTGCGTGAAGCTGGAATCGCTAGTAATCGCGGATCA  1321 

          |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

Sbjct1261 TTCGGATCGCAGTCTGCAACTCGACTGCGTGAAGCTGGAATCGCTAGTAATCGCGGATCA  1320 

 

Query1322 GCATGCCGCGGTGAATACGTTCCCGGGCCTTGTACACACCGCCCGTCACACCACGAGAGT  1381 

          |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

Sbjct1321 GCATGCCGCGGTGAATACGTTCCCGGGCCTTGTACACACCGCCCGTCACACCACGAGAGT  1380 

 

 



 

 

176 

Query1382 TTGTAACACCCGAAGTCGGTGAGGTAACCTTT  1413 

          |||||||||||||||||||||||||||||||| 

Sbjct1381 TTGTAACACCCGAAGTCGGTGAGGTAACCTTT  1412 

 

 

Query: The sequence of AWT 13 submitted to blast 

Subject: The sequence of Bacillus sp. retrieved through blast 
 

 

AWT 25 

 

The obtained sequence was of 1461 bases. The 16S rRNA gene partial sequences of AWT 13 

isolate obtained from sequenced PCR product showed 99% Achromobacter insolitus strain Y2P1 

(Table-6.3). The sequence is submitted to Gen bank and the accession number of this strain 16s 

rRNA gene is DQ989213 and its identity is now Achromobacter xylosoxidans IL-03. 

 

Sequence of 16S rRNA gene 

cagatgaacg ctagcgggat gccttacaca tgcaagtcga acggcagcac ggacttcggt ctggtggcga 

gtggcgaacg ggtgagtaat gtatcggaac gtgcccagta gcgggggata actacgcgaa agcgtagcta 

ataccgcata cgccctacgg gggaaagcag gggatcgcaa gaccttgcac tattggagcg gccgatatcg 

gattagctag ttggtggggt aacggctcac caaggcgacg atccgtagct ggtttgagag gacgaccagc 

cacactggga ctgagacacg gcccagactc ctacgggagg cagcagtggg gaattttgga caatggggga 

aaccctgatc cagccatccc gcgtgtgcga tgaaggcctt cgggttgtaa agcacttttg gcaggaaaga 

aacgtcgcgg gttaataccc cgcgaaactg acggtacctg cagaataagc accggctaac tacgtgccag 

cagccgcggt aatacgtagg gtgcaagcgt taatcggaat tactgggcgt aaagcgtgcg caggcggttc 

ggaaagaaag atgtgaaatc ccagagctta actttggaac tgcattttta actaccgggc tagagtgtgt 

cagagggagg tggaattccg cgtgtagcag tgaaatgcgt agatatgcgg aggaacaccg atggcgaagg 

cagcctcctg ggataacact gacgctcatg cacgaaagcg tggggagcaa acaggattag ataccctggt 

agtccacgcc ctaaacgatg tcaactagct gttggggcct tcgggccttg gtagcgcagc taacgcgtga 

agttgaccgc ctggggagta cggtcgcaag attaaaactc aaaggaattg acggggaccc gcacaagcgg 

tggatgatgt ggattaattc gatgcaacgc gaaaaacctt acctaccctt gacatgtctg gaatgccgaa 

gagatttggc agtgctcgca agagaaccgg aacacaggtg ctgcatggct gtcgtcagct cgtgtcgtga 

gatgttgggt taagtcccgc aacgagcgca acccttgtca ttagttgcta cgaaagggca ctctaatgag 

actgccggtg acaaaccgga ggaaggtggg gatgacgtca agtcctcatg gcccttatgg gtagggcttc 

acacgtcata caatggtcgg gacagagggt cgccaacccg cgagggggag ccaatcccag aaacccgatc 

gtagtccgga tcgcagtctg caactcgact gcgtgaagtc ggaatcgcta gtaatcgcgg atcagcatgt 

cgcggtgaat acgttcccgg gtcttgtaca caccgcccgt cacaccatgg gagtgggttt taccagaagt 

agttagccta accgcaaggg gggcgattac cacggtagga ttcatgactg gggtgaagtc t 

 

Table-6.3 The Homology/similarity studies of AWT 25 strain 

 

gb|EU221379.1|  Achromobacter insolitus strain Y2P1 16S ribosomal RNA gene, partial  

sequence 

Length=1497 

 

 Score = 2691 bits (1457),  Expect = 0.0 

 Identities = 1460/1461 (99%), Gaps = 1/1461 (0%) 

 Strand=Plus/Plus 

 
Query 1   CAGA-TGAACGCTAGCGGGATGCCTTACACATGCAAGTCGAACGGCAGCACGGACTTCGG  59 

          |||| ||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

Sbjct 21  CAGATTGAACGCTAGCGGGATGCCTTACACATGCAAGTCGAACGGCAGCACGGACTTCGG  80 

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=Nucleotide&list_uids=161172572&dopt=GenBank&RID=VBPJH4UA013&log$=nuclalign&blast_rank=3
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Query 60  TCTGGTGGCGAGTGGCGAACGGGTGAGTAATGTATCGGAACGTGCCCAGTAGCGGGGGAT  119 

          |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

Sbjct 81  TCTGGTGGCGAGTGGCGAACGGGTGAGTAATGTATCGGAACGTGCCCAGTAGCGGGGGAT  140 

 

Query 120  AACTACGCGAAAGCGTAGCTAATACCGCATACGCCCTACGGGGGAAAGCAGGGGATCGCA  179 

           |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

Sbjct 141  AACTACGCGAAAGCGTAGCTAATACCGCATACGCCCTACGGGGGAAAGCAGGGGATCGCA  200 

 

Query 180  AGACCTTGCACTATTGGAGCGGCCGATATCGGATTAGCTAGTTGGTGGGGTAACGGCTCA  239 

            |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

Sbjct 201  AGACCTTGCACTATTGGAGCGGCCGATATCGGATTAGCTAGTTGGTGGGGTAACGGCTCA  260 

 

Query 240  CCAAGGCGACGATCCGTAGCTGGTTTGAGAGGACGACCAGCCACACTGGGACTGAGACAC  299 

           |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

Sbjct 261  CCAAGGCGACGATCCGTAGCTGGTTTGAGAGGACGACCAGCCACACTGGGACTGAGACAC  320 

 

Query 300  GGCCCAGACTCCTACGGGAGGCAGCAGTGGGGAATTTTGGACAATGGGGGAAACCCTGAT  359 

           |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

Sbjct 321  GGCCCAGACTCCTACGGGAGGCAGCAGTGGGGAATTTTGGACAATGGGGGAAACCCTGAT  380 

 

Query 360 CCAGCCATCCCGCGTGTGCGATGAAGGCCTTCGGGTTGTAAAGCACTTTTGGCAGGAAAG  419 

          |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

Sbjct 381 CCAGCCATCCCGCGTGTGCGATGAAGGCCTTCGGGTTGTAAAGCACTTTTGGCAGGAAAG  440 

 

Query 420 AAACGTCGCGGGTTAATACCCCGCGAAACTGACGGTACCTGCAGAATAAGCACCGGCTAA  479 

          |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

Sbjct 441 AAACGTCGCGGGTTAATACCCCGCGAAACTGACGGTACCTGCAGAATAAGCACCGGCTAA  500 

 

Query 480 CTACGTGCCAGCAGCCGCGGTAATACGTAGGGTGCAAGCGTTAATCGGAATTACTGGGCG  539 

          |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

Sbjct 501 CTACGTGCCAGCAGCCGCGGTAATACGTAGGGTGCAAGCGTTAATCGGAATTACTGGGCG  560 

 

Query 540 TAAAGCGTGCGCAGGCGGTTCGGAAAGAAAGATGTGAAATCCCAGAGCTTAACTTTGGAA  599 

          |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

Sbjct 561 TAAAGCGTGCGCAGGCGGTTCGGAAAGAAAGATGTGAAATCCCAGAGCTTAACTTTGGAA  620 

 

Query 600 CTGCATTTTTAACTACCGGGCTAGAGTGTGTCAGAGGGAGGTGGAATTCCGCGTGTAGCA  659 

          |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

Sbjct 621 CTGCATTTTTAACTACCGGGCTAGAGTGTGTCAGAGGGAGGTGGAATTCCGCGTGTAGCA  680 

 

Query 660 GTGAAATGCGTAGATATGCGGAGGAACACCGATGGCGAAGGCAGCCTCCTGGGATAACAC  719 

          |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

Sbjct 681 GTGAAATGCGTAGATATGCGGAGGAACACCGATGGCGAAGGCAGCCTCCTGGGATAACAC  740 

 

Query 720 TGACGCTCATGCACGAAAGCGTGGGGAGCAAACAGGATTAGATACCCTGGTAGTCCACGC  779 

          |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

Sbjct 741 TGACGCTCATGCACGAAAGCGTGGGGAGCAAACAGGATTAGATACCCTGGTAGTCCACGC  800 

 

Query 780 CCTAAACGATGTCAACTAGCTGTTGGGGCCTTCGGGCCTTGGTAGCGCAGCTAACGCGTG  839 

          |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

Sbjct 801 CCTAAACGATGTCAACTAGCTGTTGGGGCCTTCGGGCCTTGGTAGCGCAGCTAACGCGTG  860 

 

Query 840 AAGTTGACCGCCTGGGGAGTACGGTCGCAAGATTAAAACTCAAAGGAATTGACGGGGACC  899 

          |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

Sbjct 861 AAGTTGACCGCCTGGGGAGTACGGTCGCAAGATTAAAACTCAAAGGAATTGACGGGGACC  920 

 

Query 900 CGCACAAGCGGTGGATGATGTGGATTAATTCGATGCAACGCGAAAAACCTTACCTACCCT  959 

          |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

Sbjct 921 CGCACAAGCGGTGGATGATGTGGATTAATTCGATGCAACGCGAAAAACCTTACCTACCCT  980 
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Query 960 TGACATGTCTGGAATGCCGAAGAGATTTGGCAGTGCTCGCAAGAGAACCGGAACACAGGT  1019 

          |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

Sbjct 981 TGACATGTCTGGAATGCCGAAGAGATTTGGCAGTGCTCGCAAGAGAACCGGAACACAGGT  1040 

 

Query1020 GCTGCATGGCTGTCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGCGC  1079 

          |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

Sbjct1041 GCTGCATGGCTGTCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGCGC  1100 

 

Query1080 AACCCTTGTCATTAGTTGCTACGAAAGGGCACTCTAATGAGACTGCCGGTGACAAACCGG  1139 

          |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

Sbjct1101 AACCCTTGTCATTAGTTGCTACGAAAGGGCACTCTAATGAGACTGCCGGTGACAAACCGG  1160 

 

Query1140 AGGAAGGTGGGGATGACGTCAAGTCCTCATGGCCCTTATGGGTAGGGCTTCACACGTCAT  1199 

          |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

Sbjct1161 AGGAAGGTGGGGATGACGTCAAGTCCTCATGGCCCTTATGGGTAGGGCTTCACACGTCAT  1220 

 

Query1200 ACAATGGTCGGGACAGAGGGTCGCCAACCCGCGAGGGGGAGCCAATCCCAGAAACCCGAT  1259 

          |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

Sbjct1221 ACAATGGTCGGGACAGAGGGTCGCCAACCCGCGAGGGGGAGCCAATCCCAGAAACCCGAT  1280 

 

Query1260 CGTAGTCCGGATCGCAGTCTGCAACTCGACTGCGTGAAGTCGGAATCGCTAGTAATCGCG  1319 

          |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

Sbjct1281 CGTAGTCCGGATCGCAGTCTGCAACTCGACTGCGTGAAGTCGGAATCGCTAGTAATCGCG  1340 

 

Query1320 GATCAGCATGTCGCGGTGAATACGTTCCCGGGTCTTGTACACACCGCCCGTCACACCATG  1379 

          |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

Sbjct1341 GATCAGCATGTCGCGGTGAATACGTTCCCGGGTCTTGTACACACCGCCCGTCACACCATG  1400 

 

Query1380 GGAGTGGGTTTTACCAGAAGTAGTTAGCCTAACCGCAAGGGGGGCGATTACCACGGTAGG  1439 

          |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

Sbjct1401 GGAGTGGGTTTTACCAGAAGTAGTTAGCCTAACCGCAAGGGGGGCGATTACCACGGTAGG  1460 

 

Query1440  ATTCATGACTGGGGTGAAGTC  1460 

             ||||||||||||||||||||| 

Sbjct1461  ATTCATGACTGGGGTGAAGTC  1481 

 

 

Query: The sequence of AWT 25 submitted to blast 

Subject: The sequence of Achromobacter insolitus strain Y2P1 retrieved through blast 
 

MWP isolate 

 

MWPNPD 

 

The obtained sequence was of 1462 bases. The 16S rRNA gene partial sequences of AWT 25 

isolate obtained from sequenced PCR product showed 99% resemblance to Achromobacter 

insolitus strain Y2P1 (Table-6.4). The sequence is submitted to Gen bank and the accession 

number of this strain 16s rRNA gene is DQ989212 and its identity is now Achromobacter sp. IL-

02. 

Sequence of 16S rRNA gene 

 
tcagatgaac gctagcggga tgccttacac atgcaagtcg aacggcagca cggacttcgg tctggtggcg 

agtggcgaac gggtgagtaa tgtatcggaa cgtgcccagt agcgggggat aactacgcga aagcgtagct 
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aataccgcat acgccctacg ggggaaagca ggggatcgca agaccttgca ctattggagc ggccgatatc 

ggattagcta gttggtgggg taacggctca ccaaggcgac gatccgtagc tggtttgaga ggacgaccag 

ccacactggg actgagacac ggcccagact cctacgggag gcagcagtgg ggaattttgg acaatggggg 

aaaccctgat ccagccatcc cgcgtgtgcg atgaaggcct tcgggttgta aagcactttt ggcaggaaag 

aaacgtcgcg ggttaatacc ccgcgaaact gacggtacct gcagaataag caccggctaa ctacgtgcca 

gcagccgcgg taatacgtag ggtgcaagcg ttaatcggaa ttactgggcg taaagcgtgc gcaggcggtt 

cggaaagaaa gatgtgaaat cccagagctt aactttggaa ctgcattttt aactaccggg ctagagtgtg 

tcagagggag gtggaattcc gcgtgtagca gtgaaatgcg tagatatgcg gaggaacacc gatggcgaag 

gcagcctcct gggataacac tgacgctcat gcacgaaagc gtggggagca aacaggatta gataccctgg 

tagtccacgc cctaaacgat gtcaactagc tgttggggcc ttcgggcctt ggtagcgcag ctaacgcgtg 

aagttgaccg cctggggagt acggtcgcaa gattaaaact caaaggaatt gacggggacc cgcacaagcg 

gtggatgatg tggattaatt cgatgcaacg cgaaaaacct tacctaccct tgacatgtct ggaatgccga 

agagatttgg cagtgctcgc aagagaaccg gaacacaggt gctgcatggc tgtcgtcagc tcgtgtcgtg 

agatgttggg ttaagtcccg caacgagcgc aacccttgtc attagttgct acgaaagggc actctaatga 

gactgccggt gacaaaccgg aggaaggtgg ggatgacgtc aagtcctcat ggcccttatg ggtagggctt 

cacacgtcat acaatggtcg ggacagaggg tcgccaaccc gcgaggggga gccaatccca gaaacccgat 

cgtagtccgg atcgcagtct gcaactcgac tgcgtgaagt cggaatcgct agtaatcgcg gatcagcatg 

tcgcggtgaa tacgttcccg ggtcttgtac acaccgcccg tcacaccatg ggagtgggtt ttaccagaag 

tagttagcct aaccgcaagg ggggcgatta ccacggtagg attcatgact ggggtgaagt ct 

 

 

Table-6.4 The Homology/similarity studies of MWPNPD strain 

 

gb|EU221379.1|  Achromobacter insolitus strain Y2P1 16S ribosomal RNA gene, partial  

sequence 

Length=1497 

 

 Score = 2693 bits (1458),  Expect = 0.0 

 Identities = 1461/1462 (99%), Gaps = 1/1462 (0%) 

 Strand=Plus/Plus 

 
Query 1    TCAGA-TGAACGCTAGCGGGATGCCTTACACATGCAAGTCGAACGGCAGCACGGACTTCG  59 

           ||||| |||||||||||||||||||||||||||||||||||||||||||||||||||||| 

Sbjct 20   TCAGATTGAACGCTAGCGGGATGCCTTACACATGCAAGTCGAACGGCAGCACGGACTTCG  79 

 

Query 60   GTCTGGTGGCGAGTGGCGAACGGGTGAGTAATGTATCGGAACGTGCCCAGTAGCGGGGGA  119 

           |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

Sbjct 80   GTCTGGTGGCGAGTGGCGAACGGGTGAGTAATGTATCGGAACGTGCCCAGTAGCGGGGGA  139 

 

Query 120  TAACTACGCGAAAGCGTAGCTAATACCGCATACGCCCTACGGGGGAAAGCAGGGGATCGC  179 

           |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

Sbjct 140  TAACTACGCGAAAGCGTAGCTAATACCGCATACGCCCTACGGGGGAAAGCAGGGGATCGC  199 

 

Query 180  AAGACCTTGCACTATTGGAGCGGCCGATATCGGATTAGCTAGTTGGTGGGGTAACGGCTC  239 

           |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

Sbjct 200  AAGACCTTGCACTATTGGAGCGGCCGATATCGGATTAGCTAGTTGGTGGGGTAACGGCTC  259 

 

Query 240  ACCAAGGCGACGATCCGTAGCTGGTTTGAGAGGACGACCAGCCACACTGGGACTGAGACA  299 

           |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

Sbjct 260  ACCAAGGCGACGATCCGTAGCTGGTTTGAGAGGACGACCAGCCACACTGGGACTGAGACA  319 

 

Query 300  CGGCCCAGACTCCTACGGGAGGCAGCAGTGGGGAATTTTGGACAATGGGGGAAACCCTGA  359 

           |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

Sbjct 320  CGGCCCAGACTCCTACGGGAGGCAGCAGTGGGGAATTTTGGACAATGGGGGAAACCCTGA  379 

 

Query 360  TCCAGCCATCCCGCGTGTGCGATGAAGGCCTTCGGGTTGTAAAGCACTTTTGGCAGGAAA  419 

           |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

Sbjct 380  TCCAGCCATCCCGCGTGTGCGATGAAGGCCTTCGGGTTGTAAAGCACTTTTGGCAGGAAA  439 

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=Nucleotide&list_uids=161172572&dopt=GenBank&RID=VBP72ZSB011&log$=nuclalign&blast_rank=3
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Query 420  GAAACGTCGCGGGTTAATACCCCGCGAAACTGACGGTACCTGCAGAATAAGCACCGGCTA  479 

           |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

Sbjct 440  GAAACGTCGCGGGTTAATACCCCGCGAAACTGACGGTACCTGCAGAATAAGCACCGGCTA  499 

 

 

Query 480  ACTACGTGCCAGCAGCCGCGGTAATACGTAGGGTGCAAGCGTTAATCGGAATTACTGGGC  539 

           |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

Sbjct 500  ACTACGTGCCAGCAGCCGCGGTAATACGTAGGGTGCAAGCGTTAATCGGAATTACTGGGC  559 

 

Query 540  GTAAAGCGTGCGCAGGCGGTTCGGAAAGAAAGATGTGAAATCCCAGAGCTTAACTTTGGA  599 

           |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

Sbjct 560  GTAAAGCGTGCGCAGGCGGTTCGGAAAGAAAGATGTGAAATCCCAGAGCTTAACTTTGGA  619 

 

Query 600  ACTGCATTTTTAACTACCGGGCTAGAGTGTGTCAGAGGGAGGTGGAATTCCGCGTGTAGC  659 

           |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

Sbjct 620  ACTGCATTTTTAACTACCGGGCTAGAGTGTGTCAGAGGGAGGTGGAATTCCGCGTGTAGC  679 

 

Query 660  AGTGAAATGCGTAGATATGCGGAGGAACACCGATGGCGAAGGCAGCCTCCTGGGATAACA  719 

           |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

Sbjct 680  AGTGAAATGCGTAGATATGCGGAGGAACACCGATGGCGAAGGCAGCCTCCTGGGATAACA  739 

 

Query 720  CTGACGCTCATGCACGAAAGCGTGGGGAGCAAACAGGATTAGATACCCTGGTAGTCCACG  779 

           |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

Sbjct 740  CTGACGCTCATGCACGAAAGCGTGGGGAGCAAACAGGATTAGATACCCTGGTAGTCCACG  799 

 

Query 780  CCCTAAACGATGTCAACTAGCTGTTGGGGCCTTCGGGCCTTGGTAGCGCAGCTAACGCGT  839 

           |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

Sbjct 800  CCCTAAACGATGTCAACTAGCTGTTGGGGCCTTCGGGCCTTGGTAGCGCAGCTAACGCGT  859 

 

Query 840  GAAGTTGACCGCCTGGGGAGTACGGTCGCAAGATTAAAACTCAAAGGAATTGACGGGGAC  899 

           |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

Sbjct 860  GAAGTTGACCGCCTGGGGAGTACGGTCGCAAGATTAAAACTCAAAGGAATTGACGGGGAC  919 

 

Query 900  CCGCACAAGCGGTGGATGATGTGGATTAATTCGATGCAACGCGAAAAACCTTACCTACCC  959 

           |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

Sbjct 920  CCGCACAAGCGGTGGATGATGTGGATTAATTCGATGCAACGCGAAAAACCTTACCTACCC  979 

 

Query 960 TTGACATGTCTGGAATGCCGAAGAGATTTGGCAGTGCTCGCAAGAGAACCGGAACACAGG  1019 

          |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

Sbjct 980 TTGACATGTCTGGAATGCCGAAGAGATTTGGCAGTGCTCGCAAGAGAACCGGAACACAGG  1039 

 

Query1020 TGCTGCATGGCTGTCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGCG  1079 

          |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

Sbjct1040 TGCTGCATGGCTGTCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGCG  1099 

 

Query1080 CAACCCTTGTCATTAGTTGCTACGAAAGGGCACTCTAATGAGACTGCCGGTGACAAACCG  1139 

          |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

Sbjct1100 CAACCCTTGTCATTAGTTGCTACGAAAGGGCACTCTAATGAGACTGCCGGTGACAAACCG  1159 

 

Query1140 GAGGAAGGTGGGGATGACGTCAAGTCCTCATGGCCCTTATGGGTAGGGCTTCACACGTCA  1199 

          |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

Sbjct1160 GAGGAAGGTGGGGATGACGTCAAGTCCTCATGGCCCTTATGGGTAGGGCTTCACACGTCA  1219 

 

Query1200 TACAATGGTCGGGACAGAGGGTCGCCAACCCGCGAGGGGGAGCCAATCCCAGAAACCCGA  1259 

          |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

Sbjct1220 TACAATGGTCGGGACAGAGGGTCGCCAACCCGCGAGGGGGAGCCAATCCCAGAAACCCGA  1279 

 

Query1260 TCGTAGTCCGGATCGCAGTCTGCAACTCGACTGCGTGAAGTCGGAATCGCTAGTAATCGC  1319 

          |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

Sbjct1280 TCGTAGTCCGGATCGCAGTCTGCAACTCGACTGCGTGAAGTCGGAATCGCTAGTAATCGC  1339 
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Query1320 GGATCAGCATGTCGCGGTGAATACGTTCCCGGGTCTTGTACACACCGCCCGTCACACCAT  1379 

          |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

Sbjct1340 GGATCAGCATGTCGCGGTGAATACGTTCCCGGGTCTTGTACACACCGCCCGTCACACCAT  1399 

 

Query1380 GGGAGTGGGTTTTACCAGAAGTAGTTAGCCTAACCGCAAGGGGGGCGATTACCACGGTAG  1439 

          |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

Sbjct1400 GGGAGTGGGTTTTACCAGAAGTAGTTAGCCTAACCGCAAGGGGGGCGATTACCACGGTAG  1459 

 

Query1440 GATTCATGACTGGGGTGAAGTC  1461 

          |||||||||||||||||||||| 

Sbjct1460 GATTCATGACTGGGGTGAAGTC  1481 

 

Query: The sequence of MWPNPD submitted to blast 

Subject: The sequence of Achromobacter insolitus strain Y2P1 retrieved through blast 
 

  

PT isolates 

 

PT PA 

 

The obtained sequence was 1466 bases. The 16S rRNA gene partial sequences of PT PA isolate 

obtained from sequenced PCR product showed 99% similarity to Pseudomonas aeruginosa strain 

MML2212 (Table-6.1). The sequence is submitted to Gen bank and the accession number of this 

strain 16s rRNA gene is DQ989211 and its identity is now Pseudomonas aeruginosa IL1. 

 

Sequence of 16S rRNA gene 

 
cagatgaacg ctggcggcag gcctaacaca tgcaagtcga gcggatgaag ggagcttgct cctggattc 

gcggcggacg ggtgagtaat gcctaggaat ctgcctggta gtgggggata acgtccggaa cgggcgcta 

ataccgcata cgtcctgagg gagaaagtgg gggatcttcg gacctcacgc tatcagatga cctaggtcg 

gattagctag ttggtggggt aaaggcctac caaggcgacg atccgtaact ggtctgagag atgatcagt 

cacactggaa ctgagacacg gtccagactc ctacgggagg cagcagtggg gaatattgga aatgggcga 

aagcctgatc cagccatgcc gcgtgtgtga agaaggtctt cggattgtaa agcactttaa ttgggagga  

agggcagtaa gttaatacct tgctgttttg acgttaccaa cagaataagc accggctaac tcgtgccag 

cagccgcggt aatacgaagg gtgcaagcgt taatcggaat tactgggcgt aaagcgcgcg aggtggttc 

agcaagttgg atgtgaaatc cccgggctca acctgggaac tgcatccaaa actactgagc agagtacgg 

tagagggtgg tggaatttcc tgtgtagcgg tgaaatgcgt agatatagga aggaacacca tggcgaagg 

cgaccacctg gactgatact gacactgagg tgcgaaagcg tggggagcaa acaggattag taccctggt 

agtccacgcc gtaaacgatg tcgactagcc gttgggatcc ttgagatctt agtggcgcag taacgcgat  

aagtcgaccg cctggggagt acggccgcaa ggttaaaact caaatgaatt gacgggggcc gcacaagcg 

gtggagcatg tggtttaatt cgaagcaacg cgaagaacct tacctggcct tgacatgctg gaactttcc 

agagatggat tggtgccttc gggaactcag acacaggtgc tgcatggctg tcgtcagctc tgtcgtgag 

atgttgggtt aagtcccgta acgagcgcaa cccttgtcct tagttaccag cacctcgggt ggcactcta 

aggagactgc cggtgacaaa ccggaggaag gtggggatga cgtcaagtca tcatggccct acggccagg 

gctacacacg tgctacaatg gtcggtacaa agggttgcca agccgcgagg tggagctaat ccataaaac  

cgatcgtagt ccggatcgca gtctgcaact cgactgcgtg aagtcggaat cgctagtaat gtgaatcag 

aatgtcacgg tgaatacgtt cccgggcctt gtacacaccg cccgtcacac catgggagtg gttgctcca 

gaagtagcta gtctaaccgc aagggggacg gttaccacgg agtgattcat gactggggtg aagtct 

 

 

 

 

 



 

 

182 

Table-6.5 The Homology/similarity studies of PT PA strain 

 

gb|EU344794.1|  Pseudomonas aeruginosa strain MML2212 16S ribosomal RNA gene,  

partial sequence 

Length=1533 

 

 Score = 2700 bits (1462),  Expect = 0.0 

 Identities = 1465/1466 (99%), Gaps = 1/1466 (0%) 

 Strand=Plus/Plus 
 
Query 1   CAGA-TGAACGCTGGCGGCAGGCCTAACACATGCAAGTCGAGCGGATGAAGGGAGCTTGC  59 

          |||| ||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

Sbjct 19  CAGATTGAACGCTGGCGGCAGGCCTAACACATGCAAGTCGAGCGGATGAAGGGAGCTTGC  78 

 

Query 60  TCCTGGATTCAGCGGCGGACGGGTGAGTAATGCCTAGGAATCTGCCTGGTAGTGGGGGAT  19 

          |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

Sbjct 79  TCCTGGATTCAGCGGCGGACGGGTGAGTAATGCCTAGGAATCTGCCTGGTAGTGGGGGAT  38 

 

Query 120 AACGTCCGGAAACGGGCGCTAATACCGCATACGTCCTGAGGGAGAAAGTGGGGGATCTTC 179 

          |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

Sbjct 139 AACGTCCGGAAACGGGCGCTAATACCGCATACGTCCTGAGGGAGAAAGTGGGGGATCTTC  198 

 

Query 180 GGACCTCACGCTATCAGATGAGCCTAGGTCGGATTAGCTAGTTGGTGGGGTAAAGGCCTA 239 

          |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

Sbjct 199 GGACCTCACGCTATCAGATGAGCCTAGGTCGGATTAGCTAGTTGGTGGGGTAAAGGCCTA 258 

 

Query 240 CCAAGGCGACGATCCGTAACTGGTCTGAGAGGATGATCAGTCACACTGGAACTGAGACAC 299 

          |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

Sbjct 259 CCAAGGCGACGATCCGTAACTGGTCTGAGAGGATGATCAGTCACACTGGAACTGAGACAC 318 

 

Query 300 GGTCCAGACTCCTACGGGAGGCAGCAGTGGGGAATATTGGACAATGGGCGAAAGCCTGAT 359 

          |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

Sbjct 319 GGTCCAGACTCCTACGGGAGGCAGCAGTGGGGAATATTGGACAATGGGCGAAAGCCTGAT 378 

 

Query 360 CCAGCCATGCCGCGTGTGTGAAGAAGGTCTTCGGATTGTAAAGCACTTTAAGTTGGGAGG 419 

          |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

Sbjct 379 CCAGCCATGCCGCGTGTGTGAAGAAGGTCTTCGGATTGTAAAGCACTTTAAGTTGGGAGG 438 

 

Query 420 AAGGGCAGTAAGTTAATACCTTGCTGTTTTGACGTTACCAACAGAATAAGCACCGGCTAA 479 

          |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

Sbjct 439 AAGGGCAGTAAGTTAATACCTTGCTGTTTTGACGTTACCAACAGAATAAGCACCGGCTAA 498 

 

Query 480 CTTCGTGCCAGCAGCCGCGGTAATACGAAGGGTGCAAGCGTTAATCGGAATTACTGGGCG 539 

          |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

Sbjct 499 CTTCGTGCCAGCAGCCGCGGTAATACGAAGGGTGCAAGCGTTAATCGGAATTACTGGGCG 558 

 

Query 540 TAAAGCGCGCGTAGGTGGTTCAGCAAGTTGGATGTGAAATCCCCGGGCTCAACCTGGGAA 599 

          |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

Sbjct 559 TAAAGCGCGCGTAGGTGGTTCAGCAAGTTGGATGTGAAATCCCCGGGCTCAACCTGGGAA 618 

 

Query 600 CTGCATCCAAAACTACTGAGCTAGAGTACGGTAGAGGGTGGTGGAATTTCCTGTGTAGCG 659 

          |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

Sbjct 619 CTGCATCCAAAACTACTGAGCTAGAGTACGGTAGAGGGTGGTGGAATTTCCTGTGTAGCG 678 

 

Query 660 GTGAAATGCGTAGATATAGGAAGGAACACCAGTGGCGAAGGCGACCACCTGGACTGATAC 719 

          |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

Sbjct 679 GTGAAATGCGTAGATATAGGAAGGAACACCAGTGGCGAAGGCGACCACCTGGACTGATAC 738 

 

 

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=Nucleotide&list_uids=164684854&dopt=GenBank&RID=UT9HDFEN013&log$=nuclalign&blast_rank=2
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Query 720 TGACACTGAGGTGCGAAAGCGTGGGGAGCAAACAGGATTAGATACCCTGGTAGTCCACGC 779 

          |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

Sbjct 739 TGACACTGAGGTGCGAAAGCGTGGGGAGCAAACAGGATTAGATACCCTGGTAGTCCACGC 798 

 

Query 780 CGTAAACGATGTCGACTAGCCGTTGGGATCCTTGAGATCTTAGTGGCGCAGCTAACGCGA 839 

          |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

Sbjct 799 CGTAAACGATGTCGACTAGCCGTTGGGATCCTTGAGATCTTAGTGGCGCAGCTAACGCGA 858 

 

Query 840 TAAGTCGACCGCCTGGGGAGTACGGCCGCAAGGTTAAAACTCAAATGAATTGACGGGGGC 899 

          |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

Sbjct 859 TAAGTCGACCGCCTGGGGAGTACGGCCGCAAGGTTAAAACTCAAATGAATTGACGGGGGC 918 

 

Query 900 CCGCACAAGCGGTGGAGCATGTGGTTTAATTCGAAGCAACGCGAAGAACCTTACCTGGCC 959 

          |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

Sbjct 919 CCGCACAAGCGGTGGAGCATGTGGTTTAATTCGAAGCAACGCGAAGAACCTTACCTGGCC 978 

 

Query 960 TTGACATGCTGAGAACTTTCCAGAGATGGATTGGTGCCTTCGGGAACTCAGACACAGGTG 1019 

          |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

Sbjct 979 TTGACATGCTGAGAACTTTCCAGAGATGGATTGGTGCCTTCGGGAACTCAGACACAGGTG 1038 

 

Query 1020 CTGCATGGCTGTCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGTAACGAGCGCA 1079 

           |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

Sbjct 1039 CTGCATGGCTGTCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGTAACGAGCGCA 1098 

 

Query 1080 ACCCTTGTCCTTAGTTACCAGCACCTCGGGTGGGCACTCTAAGGAGACTGCCGGTGACAA 1139 

           |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

Sbjct 1099 ACCCTTGTCCTTAGTTACCAGCACCTCGGGTGGGCACTCTAAGGAGACTGCCGGTGACAA 1158 

 

Query 1140 ACCGGAGGAAGGTGGGGATGACGTCAAGTCATCATGGCCCTTACGGCCAGGGCTACACAC 1199 

           |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

Sbjct 1159 ACCGGAGGAAGGTGGGGATGACGTCAAGTCATCATGGCCCTTACGGCCAGGGCTACACAC 1218 

 

Query 1200 GTGCTACAATGGTCGGTACAAAGGGTTGCCAAGCCGCGAGGTGGAGCTAATCCCATAAAA 1259 

           |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

Sbjct 1219 GTGCTACAATGGTCGGTACAAAGGGTTGCCAAGCCGCGAGGTGGAGCTAATCCCATAAAA 1278 

 

Query 1260 CCGATCGTAGTCCGGATCGCAGTCTGCAACTCGACTGCGTGAAGTCGGAATCGCTAGTAA 1319 

           |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

Sbjct 1279 CCGATCGTAGTCCGGATCGCAGTCTGCAACTCGACTGCGTGAAGTCGGAATCGCTAGTAA 1338 

 

Query 1320 TCGTGAATCAGAATGTCACGGTGAATACGTTCCCGGGCCTTGTACACACCGCCCGTCACA 1379 

           |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

Sbjct 1339 TCGTGAATCAGAATGTCACGGTGAATACGTTCCCGGGCCTTGTACACACCGCCCGTCACA 1398 

 

Query 1380 CCATGGGAGTGGGTTGCTCCAGAAGTAGCTAGTCTAACCGCAAGGGGGACGGTTACCACG 1439 

           |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

Sbjct 1399 CCATGGGAGTGGGTTGCTCCAGAAGTAGCTAGTCTAACCGCAAGGGGGACGGTTACCACG 1458 

 

Query 1440 GAGTGATTCATGACTGGGGTGAAGTC  1465 

           |||||||||||||||||||||||||| 

Sbjct 1459 GAGTGATTCATGACTGGGGTGAAGTC  1484 

 

Query: The sequence of PT PA submitted to blast 

Subject: The sequence of Pseudomonas aeruginosa MML2212 retrieved through blast 

 

PT 19 

 

The obtained sequence was 1426 bases. The 16S rRNA gene partial sequences of PT PA isolate 

obtained from sequenced PCR product showed 99% similarity to Klebsiella oxytoca (Table-6.6). 
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The sequence is submitted to Gen bank and the accession number of this strain 16s rRNA gene is 

DQ989215 and its identity is now Klebsiella sp IL6. 

 

 

Sequence of 16S rRNA gene 

 
gctcagattg aacgctggcg gcaggcctaa cacatgcaag tcgaacggta gcacagagag cttgctctcg 

ggtgacgagt ggcggacggg tgagtaatgt ctgggaaact gcctgatgga gggggataac tactggaaac 

ggtagctaat accgcataac gtcgcaagac caaagagggg gaccttcggg cctcttgcca tcagatgtgc 

ccagatggga ttagctagta ggtggggtaa cggctcacct aggcgacgat ccctagctgg tctgagagga 

tgaccagcca cactggaact gagacacggt ccagactcct acgggaggca gcagtgggga atattgcaca 

atgggcgcaa gcctgatgca gccatgccgc gtgtatgaag aaggccttcg ggttgtaaag tactttcagc 

ggggaggaag gcaataaggt taataacctt gtcgattgac gttacccgca gaagaagcac cggctaactc 

cgtgccagca gccgcggtaa tacggagggt gcaagcgtta atcggaatta ctgggcgtaa agcgcacgca 

ggcggtctgt caagtcggat gtgaaatccc cgggctcaac ctgggaactg cattcgaaac tggcaggctg 

gagtcttgta gaggggggta gaattccagg tgtagcggtg aaatgcgtag agatctggag gaataccggt 

ggcgaaggcg gccccctgga caaagactga cgctcaggtg cgaaagcgtg gggagcaaac aggattagat 

accctggtag tccacgctgt aaacgatgtc gacttggagg ttgttccctt gaggagtggc ttccggagct 

aacgcgttaa gtcgaccgcc tggggagtac ggccgcaagg ttaaaactca aatgaattga cgggggcccg 

cacaagcggt ggagcatgtg gtttaattcg atgcaacgcg aagaacctta cctactcttg acatccagag 

aacttagcag agatgctttg gtgccttcgg gaactctgag acaggtgctg catggctgtc gtcagctcgt 

gttgtgaaat gttgggttaa gtcccgcaac gagcgcaacc cttatccttt gttgccagcg gtccggccgg 

gaactcaaag gagactgcca gtgataaact ggaggaaggt ggggatgacg tcaagtcatc atggccctta 

cgagtagggc tacacacgtg ctacaatggc atatacaaag agaagcgacc tcgcgagagc aagcggacct 

cataaagtat gtcgtagtcc ggattggagt ctgcaactcg actccatgaa gtcggaatcg ctagtaatcg 

tggatcagaa tgccacggtg aatacgttcc cgggccttgt acacaccgcc cgtcacacca tgggagtggg 

ttgcaaaaga agtaggtagc ttaact 

 

 

Table-6.6 The Homology/similarity studies of PT 19 strain 

 

dbj|AB353045.1|  Klebsiella oxytoca gene for 16S ribosomal RNA, partial sequence,  

strain: No.5 

Length=1512 

 

 Score = 2627 bits (1422),  Expect = 0.0 

 Identities = 1424/1425 (99%), Gaps = 0/1425 (0%) 

 Strand=Plus/Plus 
 
Query 1   GCTCAGATTGAACGCTGGCGGCAGGCCTAACACATGCAAGTCGAACGGTAGCACAGAGAG  60 

          |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

Sbjct 15  GCTCAGATTGAACGCTGGCGGCAGGCCTAACACATGCAAGTCGAACGGTAGCACAGAGAG  74 

 

 

Query  61  CTTGCTCTCGGGTGACGAGTGGCGGACGGGTGAGTAATGTCTGGGAAACTGCCTGATGGA  120 

           |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

Sbjct 75   CTTGCTCTCGGGTGACGAGTGGCGGACGGGTGAGTAATGTCTGGGAAACTGCCTGATGGA  134 

 

Query 121  GGGGGATAACTACTGGAAACGGTAGCTAATACCGCATAACGTCGCAAGACCAAAGAGGGG  180 

           |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

Sbjct 135  GGGGGATAACTACTGGAAACGGTAGCTAATACCGCATAACGTCGCAAGACCAAAGAGGGG  194 

 

Query 181  GACCTTCGGGCCTCTTGCCATCAGATGTGCCCAGATGGGATTAGCTAGTAGGTGGGGTAA  240 

           |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

Sbjct 195  GACCTTCGGGCCTCTTGCCATCAGATGTGCCCAGATGGGATTAGCTAGTAGGTGGGGTAA  254 

 

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=Nucleotide&list_uids=163930846&dopt=GenBank&RID=VBHKT9TS015&log$=nuclalign&blast_rank=2
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Query 241  CGGCTCACCTAGGCGACGATCCCTAGCTGGTCTGAGAGGATGACCAGCCACACTGGAACT  300 

           |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

Sbjct 255  CGGCTCACCTAGGCGACGATCCCTAGCTGGTCTGAGAGGATGACCAGCCACACTGGAACT  314 

 

Query 301  GAGACACGGTCCAGACTCCTACGGGAGGCAGCAGTGGGGAATATTGCACAATGGGCGCAA  360 

           |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

Sbjct 315  GAGACACGGTCCAGACTCCTACGGGAGGCAGCAGTGGGGAATATTGCACAATGGGCGCAA  374 

 

Query 361  GCCTGATGCAGCCATGCCGCGTGTATGAAGAAGGCCTTCGGGTTGTAAAGTACTTTCAGC  420 

           |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

Sbjct 375  GCCTGATGCAGCCATGCCGCGTGTATGAAGAAGGCCTTCGGGTTGTAAAGTACTTTCAGC  434 

 

Query 421  GGGGAGGAAGGCAATAAGGTTAATAACCTTGTCGATTGACGTTACCCGCAGAAGAAGCAC  480 

           |||||||||||| ||||||||||||||||||||||||||||||||||||||||||||||| 

Sbjct 435  GGGGAGGAAGGCGATAAGGTTAATAACCTTGTCGATTGACGTTACCCGCAGAAGAAGCAC  494 

 

Query 481  CGGCTAACTCCGTGCCAGCAGCCGCGGTAATACGGAGGGTGCAAGCGTTAATCGGAATTA  540 

           |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

Sbjct 495  CGGCTAACTCCGTGCCAGCAGCCGCGGTAATACGGAGGGTGCAAGCGTTAATCGGAATTA  554 

 

Query 541  CTGGGCGTAAAGCGCACGCAGGCGGTCTGTCAAGTCGGATGTGAAATCCCCGGGCTCAAC  600 

           |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

Sbjct 555  CTGGGCGTAAAGCGCACGCAGGCGGTCTGTCAAGTCGGATGTGAAATCCCCGGGCTCAAC  614 

 

Query 601  CTGGGAACTGCATTCGAAACTGGCAGGCTGGAGTCTTGTAGAGGGGGGTAGAATTCCAGG  660 

           |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

Sbjct 615  CTGGGAACTGCATTCGAAACTGGCAGGCTGGAGTCTTGTAGAGGGGGGTAGAATTCCAGG  674 

 

Query 661  TGTAGCGGTGAAATGCGTAGAGATCTGGAGGAATACCGGTGGCGAAGGCGGCCCCCTGGA  720 

           |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

Sbjct 675  TGTAGCGGTGAAATGCGTAGAGATCTGGAGGAATACCGGTGGCGAAGGCGGCCCCCTGGA  734 

 

Query 721  CAAAGACTGACGCTCAGGTGCGAAAGCGTGGGGAGCAAACAGGATTAGATACCCTGGTAG  780 

           |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

Sbjct 735  CAAAGACTGACGCTCAGGTGCGAAAGCGTGGGGAGCAAACAGGATTAGATACCCTGGTAG  794 

 

Query 781  TCCACGCTGTAAACGATGTCGACTTGGAGGTTGTTCCCTTGAGGAGTGGCTTCCGGAGCT  840 

           |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

Sbjct 795  TCCACGCTGTAAACGATGTCGACTTGGAGGTTGTTCCCTTGAGGAGTGGCTTCCGGAGCT  854 

 

Query 841  AACGCGTTAAGTCGACCGCCTGGGGAGTACGGCCGCAAGGTTAAAACTCAAATGAATTGA  900 

           |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

Sbjct 855  AACGCGTTAAGTCGACCGCCTGGGGAGTACGGCCGCAAGGTTAAAACTCAAATGAATTGA  914 

 

Query 901  CGGGGGCCCGCACAAGCGGTGGAGCATGTGGTTTAATTCGATGCAACGCGAAGAACCTTA  960 

           |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

Sbjct 915  CGGGGGCCCGCACAAGCGGTGGAGCATGTGGTTTAATTCGATGCAACGCGAAGAACCTTA  974 

 

 

Query 961 CCTACTCTTGACATCCAGAGAACTTAGCAGAGATGCTTTGGTGCCTTCGGGAACTCTGAG  1020 

          |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

Sbjct 975 CCTACTCTTGACATCCAGAGAACTTAGCAGAGATGCTTTGGTGCCTTCGGGAACTCTGAG  1034 

 

Query1021 ACAGGTGCTGCATGGCTGTCGTCAGCTCGTGTTGTGAAATGTTGGGTTAAGTCCCGCAAC  1080 

          |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

Sbjct1035 ACAGGTGCTGCATGGCTGTCGTCAGCTCGTGTTGTGAAATGTTGGGTTAAGTCCCGCAAC  1094 

 

Query1081 GAGCGCAACCCTTATCCTTTGTTGCCAGCGGTCCGGCCGGGAACTCAAAGGAGACTGCCA  1140 

          |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

Sbjct1095 GAGCGCAACCCTTATCCTTTGTTGCCAGCGGTCCGGCCGGGAACTCAAAGGAGACTGCCA  1154 
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Query1141 GTGATAAACTGGAGGAAGGTGGGGATGACGTCAAGTCATCATGGCCCTTACGAGTAGGGC  1200 

          |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

Sbjct1155 GTGATAAACTGGAGGAAGGTGGGGATGACGTCAAGTCATCATGGCCCTTACGAGTAGGGC  1214 

 

 

Query1201 TACACACGTGCTACAATGGCATATACAAAGAGAAGCGACCTCGCGAGAGCAAGCGGACCT  1260 

          |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

Sbjct1215 TACACACGTGCTACAATGGCATATACAAAGAGAAGCGACCTCGCGAGAGCAAGCGGACCT  1274 

 

Query1261 CATAAAGTATGTCGTAGTCCGGATTGGAGTCTGCAACTCGACTCCATGAAGTCGGAATCG  1320 

          |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

Sbjct1275 CATAAAGTATGTCGTAGTCCGGATTGGAGTCTGCAACTCGACTCCATGAAGTCGGAATCG  1334 

 

Query1321 CTAGTAATCGTGGATCAGAATGCCACGGTGAATACGTTCCCGGGCCTTGTACACACCGCC  1380 

          |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

Sbjct1335 CTAGTAATCGTGGATCAGAATGCCACGGTGAATACGTTCCCGGGCCTTGTACACACCGCC  1394 

 

Query1381 CGTCACACCATGGGAGTGGGTTGCAAAAGAAGTAGGTAGCTTAAC  1425 

          ||||||||||||||||||||||||||||||||||||||||||||| 

Sbjct1395 CGTCACACCATGGGAGTGGGTTGCAAAAGAAGTAGGTAGCTTAAC  1439 

 

Query: The sequence of PT 19 submitted to blast 

Subject: The sequence of Klebsiella oxytoca retrieved through blast 

 

The phylogenetic analysis 

 

A phylogenetic tree (Figure 6.3) was constructed using the neighbour-joining method in 

DNASIS Pro version 2.6 (Hitachi Software Engineering, Yokohama, Japan) with 1,000 

bootstrap repetitions. Sequences used for the comparison were obtained from GenBank. 

Phylogenetic data reveal that two isolates AWT 2 and AWT 13 were gram positive, were 

Firmicutes related to the family Bacillaceae with the genus Bacillus. Remaining Four isolates 

(AWT 25, MWPNPD, PT 19 and PT PA) belonged to gram negative bacterial group. Two 

isolates, AWT 25, MWPNPD were β-Proteobacteria with the family Alcaligeneceae and genus 

Achromobacter. While two isolates (PT 19 and PT PA) were γ-Proteobacteria related to the 

families Pseudomonadaceae and Enterobacteriaceae with the genera Pseudomonas and 

Klebsiella, respectively. 



 

 

187 

 

 

Figure-6.2        Phylogenetic tree derived from 16S rRNA gene sequence of AWT 2, AWT 13, 

AWT 25, MWPNPD, PT PA and PT 19 (Accession No. DQ989214, DQ989210, DQ989213, 

DQ989212, DQ989211, DQ989215 respectively).   The following sequences were obtained from 

GenBank and used for comparisons and phylogenetic analysis: Bacillus cereus strain ST307 

(EU350369), Bacillus sp. B144 (EF370054), Achromobacter insolitus strain Y2P1 (EU221379) and 

Pseudomonas aeruginosa strain MML2212 (EU344794), numbers in the parenthesis indicate 

accession numbers of corresponding sequences.  
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DISCUSSION 

Due to their prokaryotic nature, bacteria were originally grouped with traditional methods into 

Gram positive and gram negative. Traditional methods of classifying bacteria relied heavily 

upon morphological and biochemical characteristics. These characteristics were used to define 

and separate bacteria into distinct divisions and classes. Taxonomists who were involved in 

these classification schemes during this time were limited by the absence of culture strains, 

advanced light microscopes and biochemical tests (Krieg and Holt, 1984). Currently, there is an 

increased interest in applying molecular techniques to resolve many of the issues and problems 

created by the present state of bacterial taxonomy. Within the last decade, a number of 

bacteriologists began using molecular techniques to answer questions dealing with the 

taxonomy, population dynamics, and the evolution of bacteria. Among the most popular 

molecular techniques employed by bacteriologists are DNA-DNA hybridization, sequence 

determination of small ribosomal subunit ribonucleic acids (16S rRNAs), and to a lesser 

degree, restriction fragment length polymorphism (RFLP) analysis of DNA (Nakazawa and 

Hoshino, 2004). 

Molecular techniques involving ribosomal RNA sequence analysis are commonly used to 

investigate evolutionary relationships within different genera of bacteria. Although rRNA 

sequence data does not provide the taxonomic resolving power seen with RFLPs and DNA-

DNA hybridization, it is nonetheless advantageous in that it is a single-step experiment 

(Turner, 1997). In general, information obtained using molecular techniques is very useful in 

that it provides researchers with a powerful and independent data set in which hypotheses 

generated from other data, such as morphology and physiology, can be tested (Li et al., 2000).  

 For accurate identification, 16S rRNA gene sequence analysis of the six biocides 

resistant bacteria i.e., AWT 2, AWT 13, AWT 25, MWPNPD, PT PA and PT 19 was 

performed. On the basis of phylogenetic data the strains AWT 2, AWT 13, AWT 25, 

MWPNPD, PT PA and PT 19 were identified as Bacillus cereus, Bacillus subtilis, 

Achromobacter xylosoxidans, Achromobacter sp., Pseudomonas aeruginosa and Klebsiella sp., 

respectively. Genus Bacillus has undergone extensive taxonomic restructuring in recent years 

(Lee et al., 2007). Sequence variations in the 16S rRNA genes may exist between some 

Bacillus strains within species and several Bacillus species were reclassified based on 

alignment of these sequences (Wu et al., 2006). Many species resembling B. subtilis have been 

described over the last 15 years, Bacillus amyloliquefaciens, Bacillus atrophaeus, Bacillus 
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mojavensis, Bacillus vallismortis, B. subtilis subsp. subtilis and B. subtilis subsp. spizizeni, 

Bacillus tequilensis and Bacillus velezensis (Gatson et al., 2006; Ruiz-Garcı´a et al., 2005). 

However, the presence of highly conserved sequences in the 16S rRNA gene does not permit 

the discrimination among some species and subspecies of this group (Shaver et al., 2002). 

AWT 13 identified as Bacillus subtilis exhibited 99% resemblance to Bacillus sp. B144. The
 

low similarity levels of Bacilli isolates might be due to the fact that few Bacillus sequences
 

have been deposited in GenBank. In addition, the fact that two
 
distinct Bacillus species 

possessing identical 16S rDNA sequences
 
have previously been reported (Drancourt et al., 

2000). BLAST analysis revealed strain AWT 2 as Bacillus cereus exhibiting 99% similarities 

with the type strains Bacillus cereus strain ST307. Bavykin et al. (2008) recently reported that 

the currently defined species B. cereus, B. thuringiensis and B. mycoides actually represent 

mixtures of genetically distinct bacterial groups and the B. cereus group may be divided into 

seven subgroups (Anthracis, Cereus A and B, Thuringiensis A and B, and Mycoides A and B) 

based on 16S rRNA, 23S rRNA and gyrB gene sequences and each subgroup may be 

characterized with specific ―signatures‖ (genomic markers). The bacteria within genus Bacillus 

are gram positive, motile rods occurring singly or in short chains, centrally or paracentrally 

spores are formed. They have catalase enzyme and are facultative anaerobes. However, the 

colony size of AWT 2 was larger compared to AWT 13. The results of phenotypic and 

biochemical analysis of biocides resistant isolates AWT 2 and AWT 13 are in accordance with 

the results of 16S rRNA sequence analysis. 

 Accurate identification of gram-negative nonfermentative rods
 
in the clinical laboratory 

mainly relies on biochemical characteristics.
 
Some gram-negative nonfermentative rods such as 

Pseudomonas
 
aeruginosa are readily identified by distinct phenotypic traits,

 
i.e., production of 

diffusible pigments, positive oxidase reaction,
 
growth at 42°C, metallic sheen, and typical odor. 

However,
 
many nonfermentative rods cannot be identified by morphological

 
characteristics 

alone. 16S rRNA gene sequence analysis has become
 
the new gold standard for identification 

of such bacteria in clinical
 
microbiology (Zbinden et al., 2007). On the basis of 16S rRNA 

sequence analysis strain AWT 25 and MWPNPD were found to have close resemblance with 

members of Achromobacter. They are Gram negative, non-spore former small rods. The strain 

has small (0.2-0.3mm), offwhite and dentirifying. Denitrifying bacteria have been isolated from 

diverse environments (agricultural soils, deep sea sediments, waste-water treatment plants) and 

belong to diverse bacterial genera (Dandie et al., 2007). The size of the colonies enlarge as 

cultures became old (after 24 hr). Strain AWT 25 and MWPNPD had 99% resemblance with 

http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Drancourt%20M%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstractPlusDrugs1
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Bavykin%20SG%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstractPlusDrugs1
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Zbinden%20A%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstractPlusDrugs1
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Dandie%20CE%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstractPlusDrugs1
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the type strain Achromobacter insolitus strain Y2P1. Pseudomonas
 

aeruginosa and 

Achromobacter sp. are most frequently
 
recovered from the sputum of patients with cystic 

fibrosis (Ferroni et al., 2002). This study was able to identify almost isolates to the species 

level by 16S rRNA sequencing except for MWPNPD (identified as Achromobacter sp.). 

However,
 
as previously reported, the 16S rRNA gene was not variable enough

 
to differentiate 

accurately
 
between the subspecies of A. xylosoxidans (Ferroni et al., 2002).

  

Among PT isolates, PT PA had 99 % resemblance with Pseudomonas aeruginosa strain 

MML2212. The genus pseudomonas includes gram negative, pigment producing and aerobic 

bacilli, which are able to resist a wide variety of biocides and antibiotics. Subjected to 

unfavourable environmental conditions, the members of genus pseudomonas are usually 

durable. The results of physiological and phenotypic characteristics (production of diffusible 

positive oxidase reaction,
 
growth at 42°C, metallic sheen, and typical odor) of PT PA are 

consistent with 16S rRNA sequence analysis.   

It has been previously reported that Enterobacter isolates were significantly 

unidentifiable at the species level (Drancourt et al., 2000).The enteric isolate isolate PT 19 was 

identified as Klebsiella sp. through BLAST analysis and had 99 % resemblance to Klebsiella 

oxytoca. Klebsiella sp., a gram negative opportunistic pathogen is a clinical isolate and is most 

commonly isolated from urine, blood, bronchoalveolar lavage, tracheal aspirate, abscess, 

cerebrospinal fluid, throat swab samples (Ekşi et al., 2007) or from an activated sludge sample 

collected from the wastewater treatment plant (Ghanem et al., 2007). Klebsiella sp. bacteria are 

gram negative, non motile, encapsulated, facultative anaobic, have catalyse enzyme and are 

able to reduce nitrate to nitrite. Our own results of morphological, physiological and 

biochemical test match with the characteristics of type strain.  

The study of phylogenetic tree revealed some closely related organism to isolated 

representatives. Out of the members of phylogenetic tree Isolates AWT 2 and AWT 13, now 

identified as Bacillus cereus IL 2 (DQ989214) and Bacillus subtilis IL 4 (DQ989210) showed 

99% similarity to nearest phylogenetic neighbours Bacillus cereus strain ST307  (EU253069) 

and Bacillus sp. B144 (EF370054), hence clustered with Firmicutes group. Among remaining 

four isolates, two Isolates i.e., AWT 25 (Achromobacter xylosoxidans IL-03; DQ989213) and 

MWPNPD (Achromobacter sp. IL-02; DQ989212) exhibited 100% phylogenetic affiliation to 

each other and 99% to nearest neighbour Achromobacter insolitus strain Y2P1 (EU22I379) 

while PT PA (Pseudomonas aeruginosa IL1; DQ989211) and PT 19 (Klebsiella sp IL6; 

http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Ferroni%20A%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstractPlusDrugs1
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Ferroni%20A%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstractPlusDrugs1
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Drancourt%20M%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstractPlusDrugs1
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Ek%C5%9Fi%20F%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstractPlusDrugs1
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Ghanem%20I%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstractPlusDrugs1
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DQ989215) exhibited 99% homology to Pseudomonas aeruginosa strain MML2212 

(EU344794) and Klebsiella oxytoca (AB353045) respectively and clustered with 

proteobacteria. Singh et al. (2003) identified 40 different genera of bacteria among the 

sequences of 165 subclones of 16S rDNA genes amplified from genomic DNA from DUWL 

biofilm. The six most common genera and their frequencies (according to Singh et al., 2003 

studies) were as follows: Leptospira, 20%; Sphingomonas, 14%; Bacillus, 7%; Escherichia, 

6%; Geobacter, 5%; and Pseudomonas, 5%. The major (~55%) group of organisms belonged 

to the Proteobacteria. Among 45% of biofilm bacteria, 7% were Bacillus. In this study though 

limited number of isolates were identified by 16S rRNA sequence analysis but the dominant 

group comprise proteobacteria. Almost all the isolates identified by 16S rRNA gene analysis 

were observed to be pathogens, hence pose a potential risk for elderly and 

immunocompromised patients visiting dental clinics (Singh et al., 2003) 

Analysis of 16S rDNA genes from the total biofilm community revealed a much more 

clear identification of organisms than culture methods. It was also a more efficient technique 

for analyzing the DUWL biofilm communities than culture methods (Singh et al., 2003). In 

conclusion, 16S rRNA gene sequence analysis is a valuable tool for rapid identification of 

pathogenic bacteria. However, different species of the same genera can have the same 16S 

rRNA gene sequence but are different due to phenotypic differences or different clinical 

manifestations. Thus, for accurate identification of certain bacterial species further methods 

such as sequencing of the 16S-23S rRNA intergenic spacer, a specific PCR assay or a 

genotyping method must be applied. Furthermore, efforts
 
should be made to develop electronic 

tools for sequence comparison
 
and interpretation. The ongoing progress with DNA microarrays 

should offer the technological support for its routine application.
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Chapter 7 

SCREENING FOR AI-2 DEPENDENT QS ASSAY AND 

EFFECT OF QSIs ALONE AND/COMBINED WITH EDTA 

The dental unit water system (DUWS) harbours complex multi-species
 
biofilms that are 

responsible for high microbial contamination in dental settings (Liaqat and Sabri, 2008a). The 

20th century initially offered the promising use of antibiotics but it ends with the 

development of emergence of pleotrophic/multiple resistance in bacteria. Recent researches 

in the field of biofilms revealed that bacteria grow preferably in the form of biofilms. They 

not only exhibited high resistance to antimicrobials but also protects opportunistic
 
pathogens, 

such as P. aeruginosa, against the action
 
of the host immune system, which in turn facilitates 

establishment
 
of chronic infections (Costerton et al., 1999). The prospect of the 21st century 

was to put forward novel strategies to control pathogenic microrganisms
 
(Camara et al., 

2002). One of among these strategies is quorum sensing. 

Quorum sensing (QS) is a cell density-dependent cell–cell signaling system that uses 

small extracellular molecules termed autoinducers to co-ordinate gene expression in a 

bacterial community (Fuqua et al., 2001). Two quorum-signaling mechanisms i.e., LuxI/LuxR 

and LuxS system have been identified in bacteria.
 
The LuxI/LuxR system uses an acetylated 

homoserine lactone signal
 
molecule (Fuqua et al., 2001), and the luxS plays a role in the 

synthesis of an extracellular signaling molecule, autoinducer 2 (AI-2) (Loh et al., 2004).  AI-

2 system acts as a universal QS signal for interaction between various species of bacteria 

(DeLisa et al., 2001). According to different studies it is known to regulate a range of genes 

and different cellular processes in bacteria (DeLisa et al., 2001; Stevenson and Babb, 2002). 

The role of AI-2 in mixed species biofilm formation and interspecies gene regulation has also 

been reported (Fong et al., 2001; McNab et al., 2003). However, yet it remained to determine 

the extent to which QS system acts as true signalling system. Further it also needs to 

determine whether AI-2 signaling is independent or dependent upon to some degree on the 

metabolic status of bacterial cell (Beeston and Surette, 2002).  

Pathogens have different QS systems in them. These systems act as central regulators 

for expression of virulence genes. To target these QS signalling systems is one of the novel 

http://iai.asm.org/cgi/content/full/72/9/5506?view=long&pmid=15322055#R16#R16
http://iai.asm.org/cgi/content/full/72/9/5506?view=long&pmid=15322055#R16#R16
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Loh%20JT%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstractPlus
javascript:popRef('b29')
javascript:popRef('b29')
javascript:popRef('b30')
javascript:popRef('b36')
javascript:popRef('b37')
http://jb.asm.org/cgi/content/full/185/1/274#R3#R3
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therapeutic strategies (Hentzer
 
and Givskov, 2003). One conventional method to fight against 

the resistant pathogenic bacteria is to interfere with their communication language which in 

turn affect the expression of virulence genes without inhibiting their growth (Smith and 

Iglewski, 2003; Hentzer
 
and Givskov, 2003). Number

 
of studies has identified several 

molecules that function as
 
QS inhibitors (Smith et al., 2003a, b; Reverchon et al.,

 
2002; Olsen 

et al., 2002; Hentzer and Givskov, 2003). In screening a selection of Penicillium sp., 

Rasmussen et al. (2005b) identified several strains which produced quorum sensing 

inhibitory (QSI) compounds. Two of the compounds were identified as patulin and penicillic 

acid produced by P. radicicola and P. coprobium,
 
respectively. Using DNA microarray-based 

transcriptomics, patulin and penicillic acid were found to down-regulate QS-regulated genes 

in P. aeruginosa PAO1 by 45% and 60%, respectively, indicating that they show specificity 

for QS-regulated gene expression (Rasmussen et al., 2005b).  

While QSI inhibitors may interfere with QS regulated genes in pathogens, a biocide 

may also be used to efficiently kill the weakened cells on a broad scale in a wide variety of 

Gram-positive and Gram-negative bacteria (Ramage et al., 2007). The metal chelator 

ethylene di-amino tetra acetic acid (EDTA) has been proved to be very effective as part of an 

antimicrobial lock treatment to prevent catheter related infections by clinically relevant 

microrganisms (Ramage et al., 2007).  

Hence, this study was designed to investigate whether a luxS / AI-2-dependent quorum 

signalling system can be found in Achromobacter xylosoxidans (DQ989213), Achromobacter 

sp. (DQ989212 ), Bacillus subtilis (DQ989210), Bacillus cereus (DQ989214), Klebsiella sp. 

(DQ989215) and Pseudomonas aeruginosa  (DQ989211), previously isolated from the 

DUWL biofilms (Liaqat and Sabri., 2008a). If positive results are present, what consequences 

would the application of QSIs (patuline, penicillic acid) alone as well as in combination with 

EDTA have on planktonic growth of isolated bacteria and thus AI-2 production. 

AMPLIFICATION OF LUXS GENE AND DETECTION OF AI-2 ACTIVITY 

Initial attempts using
 

AI-2 assay failed to demonstrate any convincing AI-2 in A. 

xylosoxidans and Achromobacter sp. Glucose has significant effect on AI-2 induction   effect 

AI-2 production (Surette and Bassler, 1998). With this in mind, assay was repeated by 

growing isolates in LB and LB supplemented with 0.5% glucose (LBG). Glucose has effected 

the growth of all isolates, resulted an increase/decrease in the specific growth rate. An 

http://www.sciencedirect.com/#bib57
http://www.sciencedirect.com/#bib57
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Ramage%20G%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Ramage%20G%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstractPlus
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6T7K-4783M9S-3&_user=2248840&_coverDate=08%2F15%2F2003&_rdoc=1&_fmt=&_orig=search&_sort=d&view=c&_acct=C000056732&_version=1&_urlVersion=0&_userid=2248840&md5=6eddd6bb04851d83f9155024429fd15c#bib47
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increase in specific growth rate of 1.20 hr
-1

, 0.80 hr
-1 

was observed in B. subtilis and 

Achromobacter sp. in LBG medium compared to 1.12 hr
-1

and 0.78 hr
-1

 in LB medium. 

Whereas in A. xylosoxidans and P. aeruginosa glucose supplementation resulted a decreased 

specific growth rate of 0.84 hr
-1

and 0.55 hr
-1

from 0.93 hr
-1

and 0.74 hr
-1

in LBG medium 

respectively (Table. 7.1).  

No significant AI-2 fold induction was noted in A. xylosoxidans and Achromobacter sp. 

(< 10 % of positive control) by using either media (LB or LBG) (Figure 7.1). Further 

degenerate primers designed for this study didn‘t amplify the luxS gene suggesting that these 

strains might devoid of the luxS gene and found to be defective in producing the AI-2 signal. 

The CFCS from B. cereus and B. subtilis also did not induce luminescence in the AI-2 

bioassay for any growth phase or media used in this study (Figure 7.1).  

By using the luxS primers described by Jones and Blaser (2003) a single 458-base pair 

band in B. cereus could successfully be amplified, sequenced and submitted to Genbank 

(http://www.ncbi.nlm.nih.gov/Genbank/index.html; Accession no. EU199227). After a Blastn 

search (http://www.ncbi.nlm.nih.gov) of the complete nucleotide collection, we found that 

our amplified luxS gene EU199227 was 100 % identical to a luxS protein from B. 

thuringiensis serovar finitimus strain CTC, 97 % homologous to luxS gene from synthetic 

construct Bacillus anthracis clone FLH240998.01L, and 99 % and 97 % homologous to luxS 

gene bc4789 in B. cereus ATCC 14579 and ATCC 10987, respectively. 

Based on the AI-2 bioassay, Klebsiella sp. produced significant amounts of AI-2 like 

molecules at different stages of growth and in the two types of media (LB, LBG). Maximum 

AI-2 activity was observed at the late-exponential growth phase (after 4 hr, OD600 ~ 0.6), and 

level of AI-2 production was found to be similar to the positive control (Figure 7.2a). 

Furthermore, addition of 0.5 % (w/v) glucose was found to extend the presence of AI-2 like 

production into early stationary phase (Figure 7.2b). 

In contrast to B. cereus and B. subtilis, even though the AI-2 bioassay gave a positive 

result, attempts to amplify the luxS gene in Klebsiella sp. using Klebsiella-specific and 

degenerated primers (Table 2.75) failed, despite the development of successful PCR 

protocols with the positive control. 

http://www.ncbi.nlm.nih.gov/Genbank/index.html
http://www.ncbi.nlm.nih.gov/
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Table-7.1 Specific growth rate (hr
-1

) to monitor effect of glucose on growth of six 

isolates (A. xylosoxidans, Achromobacter sp., B. cereus, B. subtilis, P. 

aeruginosa and Klebsiella sp.) 

 

Specific growth rate (hr
-1

) 

Strains  

vs media 

A. xylosoxidans Achromobacter sp. B. cereus B. subtilis P. aeruginosa Klebsiella sp. 

LB  0.93 0.78 1.30 1.13 0.74 1.37 

LBG 0.84 0.81 1.31 1.20 0.55 1.36 

   

 

AI-2 activity of P. aeruginosa was monitored for 22 hr to cover the whole growth phase 

of the strain. Maximal AI-2 activity detected in LB medium after 12 hr (OD600 ~ 2.13) was 

77% (less than positive control) while in LBG medium it was 94% after 13 hr at OD600 of 

2.27). The kinetics of AI-2 production in P. aeruginosa indicate that it was detectable from 

the early-stationary phase onward, reaching maximum levels during the transition to, or the 

beginning of, late stationary phase. While
 
the induction tended to drop after stationary phase. 

In both media after stationary
 
phase (~20 hr) it was almost undetectable suggesting that P. 

aeruginosa signaling molecule degraded up to this point (Figure 7.3). Using degenerate 

primers, repeated attempts to detect luxS gene in P. aeruginosa failed, thus suggesting the 

lack of this particular gene in this organism. 

 

Effect of QSIs and EDTA on planktonic biomass of Klebsiella sp. and P.aeruginosa 

Growth experiments were carried out in microtitre plates to establish whether QSIs and 

EDTA exert growth-inhibitory effects on planktonic Klebsiella sp. and P. aeruginosa. In 

Klebsiella sp. penicillic acid (PA) was found to stimulate growth of Klebsiella sp. up to the 

maximum concentration of 25 μM both alone and in combined form (Figure 7.4).  

Specific growth rate of control (R1, R2, R3) were 0.85 hr
 -1

, 0.81 hr
 -1

, 0.88 hr
 -1 

compared to 0.96 hr
-1

, 0.97 hr
 -1

, 0.84 hr
 -1

 with PA and 0.99 hr
 -1

, 1.00 hr
 -1

, 0.95 hr
 -1 

with 

PA+EDTA respectively. EDTA, however, does not have any significant effect on growth at 

the concentrations studied (Table-7.2).   
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Figure-7.1. Growth dependent AI-2 production by A.xylosoxidans, Achromobacter 

sp. Bacillus cereus and Bacillus subtilis in (a) LB and (b) LBG media (●).  

Maximum fold induction (FI) (filled bars) was observed in each case was less than 

10% of reference strain.  

A. xylosoxidans (a). 
 (b). 

Achromobacter sp. (a) 

B. cereus (a). 

B. subtilis (a). 
 (b). 

 (b). 

 (b). 
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Figure-7.2        Growth dependent AI-2 production by Klebsiella sp. Klebsiella sp. 

was grown in (a) LB and (b) LBG media (●).Maximum fold induction (FI) (filled 

bars) was observed only in the late-exponential growth phase. Addition of LB 

medium alone to V. harveyi BB 170 (100%) and to the sterile medium (0%) was 

used to define the reference levels of luminescence. Data were obtained from three 

independent experiments. Each sample was analysed twice.  

(a).  

(b).  
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Figure-7.3  Growth dependent AI-2 production by P. aeruginosa. P. aeruginosa 

was grown in (a) LB and (b) LBG media (●). Maximum fold induction (FI) (filled 

bars) was observed only in the late-exponential growth phase. Addition of LB 

medium alone to V. harveyi BB 170 (100%) and to the sterile medium (0%) was 

used to define the reference levels of luminescence. Data were obtained from three 

independent experiments. Each sample was analysed twice.  

(a).  

(b).  
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Figure-7.4      Effect of (a) PA and (b) PA + EDTA on planktonic biomass of 

Klebsiella sp. (n = 3). R1, replicate 1; R2, replicate 2; R3, replicate 3. 

R1 

R2 

R3 

(a).  
(b).  
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Figure-7.5     Effect of (a) PAT and (b) PAT + EDTA on planktonic biomass Klebsiella 

sp. (n = 3). R1, replicate 1; R2, replicate 2; R3, replicate 3. 

R3 

R2 

R1 

(a).  (b).  
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Table-7.2   Specific growth rate (hr
-1

) calculation after monitoring effect of PA and 

PA+EDTA on planktonic biomass of Klebsiella sp. 

Specific growth rate (hr
 -1

) 

 Control 0.25 

µMPA 

1µM 

PA 

2.5µM 

PA 

10µM 

PA 

25µM 

PA 

0.25µM 

EDTA 

1µM 

EDTA 

2.5µM 

EDTA 

10µM 

EDTA 

25µM 

EDTA 

25µM PA 

+ EDTA 

R1 0.85 0.72 0.76 0.82 0.89 0.96 0.86 0.87 0.89 0.80 0.83 0.99 

R2 0.81 0.89 0.81 0.89 0.89 0.97 0.82 0.80 0.85 0.84 0.84 1.00 

R3 0.88 0.68 0.78 0.76 0.77 0.84 0.81 0.81 0.78 0.85 0.82 0.95 

   

Table-7.3   Specific growth rate (hr-1
) calculation after monitoring effect of PAT and 

PAT+EDTA on planktonic biomass of Klebsiella sp. 

Specific growth rate (hr
 -1

) 

 Control 0.25 

µMPAT 

1µM 

PAT 

2.5µM 

PAT 

10µM 

PAT 

25µM 

PAT 

1µM 

PAT + 

EDTA 

2.5µM 

PAT + 

EDTA 

10µM 

PAT + 

EDTA 

25µM PAT 

+ EDTA 

R1 0.77 1.00 0.93 0.83 0.69 0.28 0.88 0.87 0.75 0.24 

R2 0.81 0.92 0.88 0.67 0.68 0.48 0.75 0.77 0.73 0.50 

R3 0.77 0.87 0.80 0.78 0.66 0.51 0.75 0.78 0.69 0.54 

 

Table-7.4    Specific growth rate (hr-1
) calculation after monitoring effect of PA and PA+EDTA 

on planktonic biomass of P. aeruginosa. 

Specific growth rate (hr
 -1

) 

 Control 0.25 

µMPA 

1µM 

PA 

2.5µM 

PA 

10µM 

PA 

25µM 

PA 

0.25µM 

EDTA 

1µM 

EDTA 

2.5µM 

EDTA 

10µM 

EDTA 

25µM 

EDTA 

25µM PA + 

EDTA 

R1 0.79 0.77 0.78 0.79 0.87 0.83 0.89 0.81 0.82 0.82 0.81 0.82 

R2 0.86 0.90 0.89 0.87 0.89 0.88 0.89 0.83 0.85 0.89 0.89 0.85 

R3 0.76 0.77 0.77 0.79 0.78 0.81 0.85 0.78 0.86 0.82 0.88 0.90 

 

Table-7.5   Specific growth rate (hr-1
) calculation after monitoring effect of PAT and 

PAT+EDTA on planktonic biomass of P. aeruginosa. 

Specific growth rate (hr
 -1

) 

 Control 0.25µM 

PAT 

1µM 

PAT 

2.5µM 

PAT 

10µM 

PAT 

25µM 

PAT 

1µM PAT 

 + 

EDTA 

2.5µM PAT 

+ EDTA 

10µM  PAT 

+ EDTA 

25µM PAT 

+ EDTA 

R1 0.79 0.77 0.78 0.79 0.87 0.63 0.81 0.82 0.82 0.58 

R2 0.86 0.90 0.89 0.87 0.89 0.68 0.83 0.85 0.89 0.61 

R3 0.76 0.77 0.72 0.79 0.78 0.61 0.78 0.86 0.82 0.54 
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Figure-7.6      Effect of (a) PA and (b) PA + EDTA on planktonic biomass of P. 

aeruginosa (n = 3). R1, replicate 1; R2, replicate 2; R3, replicate 3. 

(a).  

(b).  R1 

R2 

R3 
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Figure-7.7    Effect of (a) PAT and (b) PAT + EDTA on planktonic biomass of P. 

aeruginosa (n = 3). R1, replicate 1; R2, replicate 2; R3, replicate 3.  
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On the other hand, patulin (PAT) alone and combined with with EDTA appeared to retard 

growth at concentrations > 10 μM resulting in a longer lag phase (4 hr) and slower growth 

rate (Figure 7.5).  The growth rate of the control (R1, R2, R3) were 0.77 hr
-1

, 0.81 hr
 -1

 , 0.77 

hr
 -1

compared with 0.28 hr
 -1

, 0.48 hr
 -1

 , 0.51 with PAT alone and 0.24 hr
 -1

, 0.50 hr
 -1

, 0.54 hr
 

-1  
for with PAT combined with EDTA respectively (Table 7.3).  

In P. aeruginosa, however, PA and EDTA were found to stimulate growth of P. 

aeruginosa up to the maximum concentration of 25 μM (Figure 7.6; Table 7.4). Whereas 

PAT and PAT combined with EDTA appeared to have an inhibitory effect on planktonic 

growth or a prolongation of the lag phase in P. aeruginosa at concentrations greater than 10 

μM. Interestingly PAT alone doesn't appear to have an effect on AI-2 production of P. 

aeruginosa,  but  10-25  μM PAT+EDTA appeared to reduce it by approx. 30 - 40 % (Figure 

7.7). The growth rate of the control (R1, R2, R3) were 0.79 hr
 -1

, 0.86 hr
 -1

, 0.76 hr
 -1

compared 

with 0.63 hr
 -1

, 0.68 hr
 -1

 , 0.61 with PAT alone and 0.58 hr
 -1

, 0.61 hr
 -1

, 0.54 hr
 -1 

for PAT 

combined with EDTA respectively (Table 7.5).  

This indicates that PA does not function as QSI in this system either alone or 

synergistically with EDTA (Figures 7.4 and 7.6). The concentrations employed were the 

highest possible without affecting growth. Ethyl acetate (EA) and ethanol (EtOH) were used 

in the preparation of patulin and penicillic acid stock solutions, respectively.  In order to 

discriminate the effect of solvent and QSI on planktonic growth, we tested 41 µM EA and 

68.5 µM EtOH in LBG.  No noticeable effect of either solvent on planktonic growth of 

Klebsiella sp. and P. aeruginosa was observed (Figure 7.8), suggesting that patulin 

concentrations > 10 μM were indeed responsible for the prolonged lag phase. 

Effect of QSIs and EDTA on AI-2 production of Klebsiella sp. and P. aeruginosa 

Following the positive response of the AI-2 bioassay to CFCS and experiments to establish 

the concentrations at which QSIs showed growth-inhibitory effects on Klebsiella sp. and P. 

aeruginosa, we studied the effect of PA, PAT and EDTA on AI-2 production by planktonic 

Klebsiella sp. in microtitre plates. Klebsiella sp. was grown in LBG medium, and CFCS were 

collected at the late-log to early stationary phase at which maximum AI-2 production was 

established to take place, and assayed for AI-2 activity.  
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Figure-7.8      Effect of ethyl acetate (EA) and ethyl alcohol (EtOH) on planktonic 

biomass of Klebsiella sp. and P. aeruginosa.  Cells were grown in the absence 

(control) or in the presence of 41 mM EA and 68.5 mM EtOH.  

 

 

 

  

Results showed no noticeable effect of QSIs and biocide on AI-2 production of 

Klebsiella sp. (Figure 7.9).  Interestingly in P. aeruginosa, PA had no effect on AI-2 

production either alone or combined with EDTA. Likewise, PAT alone doesn't appear 

to have an effect on AI-2 production of P. aeruginosa (Figure 8a), but 10-25 μM PATin 

combination with EDTA appeared to reduce it by approximately 30 - 40 % (Figure 8b). 

The concentrations employed were the highest possible without affecting growth. 
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Figure-7.9 Effect of varying concentration of (a) PA, EDTA, PA+EDTA and (b) 

PAT, PAT+EDTA on AI-2 production of Klebsiella sp. Filtrate without 

QSIs and EDTA served as control (open bar). Error bars indicate standard 

deviations from three independent bioassays of three independent filtrates. 

(a).  

(b).  
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Figure-7.91. Effect of varying concentration of (a) PA, EDTA, PA+EDTA and (b) 

PAT, PAT+EDTA on AI-2 production of P. aeruginosa. Filtrate without 

QSIs and EDTA served as control (open bar). Error bars indicate standard 

deviations from three independent bioassays of three independent filtrates. 

(a).  

 (b).       
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DISCUSSION 

Many strains of E. coli and S. enterica serovar Typhimurium produce and release 

autoinducers that can induce bioluminescence
 
in V. harveyi. This led us to speculate that 

dental isolates may produce a similar signaling molecule. To test this hypothesis,
 
we used a 

V. harveyi reporter strain, BB170 and tested AI-2 assay in A. xylosoxidans, Achromobacter 

sp., B. cereus, B. subtilis, Klebsiella sp. and P. aeruginosa. By using degenerate primers and 

strain specific primers luxS gene couldn‘t be detected in any isolates except for B. cereus. 

Subsequently absence of the AI-2 dependent induction in A. xylosoxidans and 

Achromobacter. sp. suggested that these strains might be deficient in this universe signaling 

system. 

No significant AI-2 activity was observed in B. subtilis. Our findings for B. subtilis are 

in agreement with Bassler et al. (1997), who studied cross-species induction of luminescence 

in V. harveyi. Based on the V. harveyi bioassay, the authors detected the presence of AI-1 and 

AI-2 QS systems in many species but not in B. subtilis using similar culture conditions as 

reported in this study. It should be noted, however, that Lombardía et al. (2006) successfully 

used the V. harveyi BB170 bioassay and established that B. subtilis RG1337 and RG4365, 

grown in unbuffered LB medium at 37ºC, are able to induce luminescence in V. harveyi.   

Despite the presence of a 458 bp luxS gene, the CFCS from B. cereus did not induce 

luminescence in the reporter system for any growth phase or media studied.  Auger et al. 

(2006) investigated the biofilm formation of B. cereus ATCC 14579 as well as the production 

of AI-2 in B. cereus ATCC 10987 (AI-2 positive) using a Photorhabdus luminescens AI-2 

reporter assay. Jones and Blaser (2003) reported that B. anthracis, a close relative of B. 

cereus, encodes an ortholog of luxS, and that CFCS from vaccine (Sterne) strain 34F2 

induced luminescence in the V. harveyi reporter strain BB170. It is therefore reasonable to 

assume that the AI-2 bioassay employed in this study is responsive to CFCS from the B. 

cereus species. A growing list of diverse bacterial species
 
has been identified that regulate AI 

synthesis, producing
 
the signal only when certain conditions are met (Blosser-Middleton and 

Gray, 2001). Some bacteria
 
synthesize high levels of AI during the mid-exponential

 
growth 

phase in culture but significantly less AI during
 
the late exponential and stationary phases, 

presumably using
 
bacterial growth rate and nutrient supply as signals to regulate

 
AI synthesis 

(Blosser-Middleton and Gray, 2001; Fong et al., 2001). Depletion of glucose
 
levels in culture 

http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Lombard%C3%ADa%20E%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Lombard%C3%ADa%20E%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Lombard%C3%ADa%20E%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstractPlus
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medium reduces AI synthesis by E.
 
coli (Surette and Bassler, 1998), and Streptococcus 

pyogenes produces AI in
 
response to amino acid starvation (Steiner and Malke, 2001). 

Another cause for the bioassay failure may be the instability of AIs at pH levels above 7 

(Yates et al., 2002). For AI-1 such as AHLs, when they are exposed to alkaline pH, the 

molecule undergoes lactonolysis–ring opening–and the biological activity is lost (Yates et al., 

2002). Stationary-phase cultures of E. carotovora, P. aeruginosa and Yersinia 

pseudotuberculosis grown in unbuffered media have such elevated pH levels, and only low 

levels of active AHL molecules can be detected. Under these conditions, even exogenously 

supplied AHLs rapidly lose their ability to activate QS systems. It should be noted here, that 

Auger et al. (2006) used unbuffered LB medium. AI-2, which is a furanosyl borate diester 

(Xavier and Bassler, 2003) consists of two fused 5 membered rings with a boron atom 

bridging the diester, and AHL are aromatic compounds, so it might be possible that effects of 

pH and temperature on AHLs are applicable to AI-2. The kinetics of the ring opening also 

depend on length of the acyl side chain as well as temperature. Elevated temperatures and 

alkaline pH (Yates et al., 2002) increase the rate of ring opening. Thus, pH and temperature 

effects can be excluded as a possibility for the bioassay failure since all experiments were 

carried out in buffered medium at 30ºC.  

Based on these reports it is suggested that while B. cereus is genetically capable of 

synthesizing AI-2, but the culture medium does not contain the compounds or yet-to-be-

identified abiotic growth conditions necessary for AI-2 production or contains QS inhibitory 

chemicals. 

In Klebsiella sp. maximum AI-2 activity was observed at the late-exponential growth 

phase after 4 hr and addition of 0.5 % (w/v) glucose was found to extend the presence of AI-2 

like production into early stationary phase. The AI-2 production profiles in batch cultures are 

in agreement with published results for K. pneumoniae (Balestrino et al., 2005) and other 

bacteria (Surette and Bassler, 1998). AI-2 production and degradation in some species 

depends on the growth conditions. It has already been reported that in the presence of 

glucose, high osmolarity (hypertonic conditions), or at pH 5, significant AI-2 production 

occurred (Surette and Bassler, 1998). For example, AI-2 production profiles of S. 

typhimurium and E. coli are dramatically influenced by the presence of glucose (Surette and 

Bassler, 1998). 

http://iai.asm.org/cgi/content/full/70/8/4099#R67#R67
http://iai.asm.org/cgi/content/full/70/8/4099#R62#R62
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P. aeruginosa is a major opportunistic pathogen in humans, capable of causing serious 

infections. QS in P. aeruginosa affects a broad range of genes and is central to its 

pathogenesis. Up to 11% of genes in the genome are controlled by quorum sensing (Schuster 

et al., 2003; Wagner et al., 2003). It has already been indicated that AI-2 is able to modulate 

P. aeruginosa gene expression patterns and pathogenicity (Duan et al., 2003). However, it 

has been reported that P. aeruginosa PAO1 genome lacks an identifiable luxS gene 

homologue and therefore does not produce AI-2 (Stover et al., 2000). In most bacteria 

examined, extracellular AI-2 activity peaks in mid–late exponential phase and declines 

precipitously in stationary phase (DeLisa et al., 2001). In contrast, in our experimental 

conditions our findings suggested the active AI-2 activity by this strain in the mid to late 

stationary phase and particularly in glucose supplemented LB medium. Production of AI-2 in 

late stationary phase indicate a phenomenon which is entirely density independent. While AI-

2 has been prove to be density dependent process that communicates cell density, growth 

rate, glucose level, and metabolic potential of the environment (Surette and Bassler, 1998). 

 Detection of AI-2 activity by P. aeruginosa at late stationary phase indicate that this 

model organism may contain a luxS-independent pathway for the production of an activity 

that can activate the AI-2 signalling pathway in V. harveyi as has already been proposed in 

case of luxS mutant Streptococcus pyogenes (Lyon et al., 2001). However, findings of the 

present study are not enough to claim that P. aeruginosa possess AI-2 signaling system, it 

might be due to some artefact in studied experimental conditions and further studies on this 

aspect will be necessary. As P. aeruginosa secretes many compounds toxic to V. harveyi 

BB170 assay which will strongly inhibit the assay by late stationary phase resulting in 

significant fold induction by sample. Ultimately, diffusible molecules with AI-2 activity are 

also produced by a diverse range of other bacteria, among them many pathogens, but their 

involvement in quorum-sensing-related processes remains a matter of debate (Kaper and 

Sperandio, 2005; Winzer et al., 2002;  Xavier and  Bassler, 2003). 

Within the past couple of years, there has been a plethora of data supporting the 

hypothesis that luxS is somehow involved in regulating virulence factor expression. QS-

blocking treatment
 
is a possible approach to the attenuation of virulence and control

 
of P. 

aeruginosa infections. Studies carried out at the Danish
 
CF Center in Copenhagen (Ciofu et 

al., 1994) have shown the
 
development of bacterial resistance to antibiotics to be a serious

 

side-effect of the current anti-pseudomonal treatment. Taken together with the combined 

javascript:popRef('b15')
javascript:popRef('b15')
javascript:popRef('b15')
javascript:popRef('b16')
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Duan%20K%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstractPlus
javascript:popRef('b3')
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6VS2-48740KM-2&_user=2248840&_coverDate=04%2F30%2F2003&_rdoc=1&_fmt=&_orig=search&_sort=d&view=c&_acct=C000056732&_version=1&_urlVersion=0&_userid=2248840&md5=329852dabe60d8508444669437cd0c1f#bib17
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6T7K-4783M9S-3&_user=2248840&_coverDate=08%2F15%2F2003&_rdoc=1&_fmt=&_orig=search&_sort=d&view=c&_acct=C000056732&_version=1&_urlVersion=0&_userid=2248840&md5=6eddd6bb04851d83f9155024429fd15c#bib47
http://jb.asm.org/cgi/content/full/188/8/2885?view=long&pmid=16585750#R30#R30
http://jb.asm.org/cgi/content/full/188/8/2885?view=long&pmid=16585750#R30#R30
http://jb.asm.org/cgi/content/full/188/8/2885?view=long&pmid=16585750#R30#R30
http://jb.asm.org/cgi/content/full/188/8/2885?view=long&pmid=16585750#R72#R72
http://jb.asm.org/cgi/content/full/188/8/2885?view=long&pmid=16585750#R76#R76
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effect of QSIs and
 

EDTA, this might suffice to reverse the increasing number of 

multiresistant strains, and thereby improve the development of antimicrobial approach.  

EDTA alone had no significant effect on planktonic growth of Klebsiella sp. PA was 

found to have a stimulatory effect on growth of Klebsiella sp. and P. aeruginosa up to the 

maximum concentration of 25 μM both alone and in combined form. On the other hand, 

patulin (PAT) alone and combined with EDTA appeared to retard growth at concentrations > 

10 μM resulting in a 4 hr longer lag phase and slower growth rate in klebsiella sp. In P. 

aeruginosa, however, combined form of PAT with EDTA (25 μM) resulted in a marginal but 

consistent delaying effect in planktonic growth. Our findings are further supported by Rasch 

et al. (2007) who found that 6 µM patulin and 31 µM penicillic acid inhibited planktonic 

growth of the bean sprout spoiling bacterial isolate Pectobacterium A2JM in a laboratory 

substrate. Ren et al. (2002) studied the effect of a brominated furanone on biofilm formation 

and swarming of B. subtilis and reported that 64.6 μM considerably extended the lag phase of 

B. subtilis, and 129 μM completely inhibited growth in shake flasks but did not completely 

inhibit biofilm formation. 

To investigate whether it is possible to antagonize the AI-2 controlled bioluminescence 

using QSIs and EDTA, alone as well as in combined form, Klebsiella sp. and P. aeruginosa, 

showing fold induction were chosen in experimental conditions. No noticeable effect of 

either QSIs or EDTA alone as well as in combined form was observed in Klebsiella sp. In P. 

aeruginosa, however, a consistent delaying effect of PAT in combination with EDTA (10-

25 μM) on AI-2 activity was observed in P. aeruginosa. Both PAT and PA have been 

reported as effective QSI compounds in P. aeruginosa (Rasmussen et al. 2005a, b). 

Furthermore, PAT was found to be an effective compound against QS (AHL) controlled 

bioluminescence by Rasmussen and Givskov (2006). 

The QS regulatory systems can be very complex with several interacting pathways and 

different receptor systems (Winzer et al., 2002) and our study shows In our case, neither QSIs 

nor biocide alone have affected a QS-regulated phenotype, however, in combined form, 

selective combination of QSI and biocide might be useful in future in reducing the resistance 

level of the strains as indicated by partial interference with QS regulation in P. aeruginosa. 

Though QSIs offer new hope in the continuing battle against multi-antibiotic-resistant 

bacteria, the results provide evidence that the effect of QSIs on AI-2 production is species-

specific, and screening efforts to identify potential QSIs should be based on the target 

javascript:popRef('b42%20b43')
http://www.ncbi.nlm.nih.gov/sites/?Db=pubmed&Cmd=Search&Term=%22Givskov%20M%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstractPlus
javascript:popRef('b33')
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organism. Furthermore, this study indicates that the QS system of P. aeruginosa is complex 

and might involve several regulatory systems. Also it has been established that this model 

organism does not have luxS and hence AI-2 system. So, the presence of AI-2 system in this 

organism can‘t be claimed.  Additionally, complex QS system of this model organism is 

difficult to manipulate on the basis of V. harveyi BB170 assay or by simple addition of QSIs 

and /EDTA. Overall results of this study stress the need to target the search for new QSI 

combined biocide approach and in depth analysis of QS system in P. aeruginosa. 
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Chapter 8 

MONITORING BIOFILM FORMATION AND EFFECT OF 

QSI AND/COMBINED WITH EDTA 

Complex multispecies biofilms, which exhibited high level resistances to antimicrobials are 

serious health and environmental concern. Bacterial biofilm in dental unit waterlines 

(DUWL) is a widespread problem, and poses a significant risk of infection to dental staff and 

patients, especially in medically compromised or immunocompromised (Tuttlebee et al., 

2002). Bacteria when present in biofilms, they are more resistant to antimicrobials as well as 

antibiotics. Thus, biofilm-related infections are persistent and often show periodic symptoms 

(Tuttlebee et al., 2002). The existence of antibiotic and/ biocide-resistant, and even 

multiresistant, bacteria in dental settings is a serious concern. Antiseptic and disinfectant 

resistance can be intrinsic or acquired by mutation or acquisition of plasmids or transposons. 

The mechanisms of resistance to antiseptics and disinfectants include cellular impermeability, 

biofilm formation, efflux and mutation(s) at the target site or overexpression of the target 

(Russell, 2003a). It is important to know the mode of action of disinfectants/biocides in order 

to provide more rational use and production of more effective compounds (Alp, 2007). 

Numerous chemical agents and biocides have been used in past and at present for the 

decontamination of biofilm in dental settings (Walker et al., 2003).  

Many human or plant pathogens exist as biofilms in their hosts, but they differ in their 

stage of infection before and after infection. This transition between pre and post infection is 

regulated by Quorum sensing (QS). Consequently, to devise a strategy that interfer with QS 

in the biofilm mode of growth will be of particular interest.  The significance of QS is evident 

from the fact that it not only regulates intraspecies survival and differentiation in bacterial 

communities, but also relates interspecies information between symbionts and their 

competitors (Xavier and Bassler, 2003; 
 
Sperandio et al., 2003).  

The extensive use of antibiotics results in the development of novel strategies to control 

bacterial diseases
 
(Camara et al., 2002). The development of therapies that interfere with AI-

2 quorum sensing (universal QS system present in both gram positive and gram negative 

isolates) are attractive for targeting biofilms, which exhibit inherent resistance to most 

antibiotics and  biocidal agents (Bosgelmez et al., 2007). 

http://aem.asm.org/cgi/content/full/69/6/3327?view=long&pmid=12788733#R34#R34
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6VRV-4D990N3-2&_user=2248840&_coverDate=10%2F01%2F2004&_rdoc=1&_fmt=&_orig=search&_sort=d&view=c&_acct=C000056732&_version=1&_urlVersion=0&_userid=2248840&md5=1dc21b7740d0526e6fb9f279e3268a06#bib15
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There are different QS inhibitory compounds (QSIs), which have been reported not only 

to make biofilms more susceptible to antimicrobial treatments, but they are capable of 

reducing mortality and virulence. The present study investigated whether or not, two QSIs 

(patulin and penicillic acid) alone and combined with EDTA have an inhibitory effect on 

biofilm formation of six isolates i.e., P. aeruginosa., A. xylosoxidans, Achromobacter sp. 

Klebsiella sp., B. cereus and B. subtilis. 

BIOFILM STUDIES 

Prior to studying the effect of QSIs and EDTA on biofilm formation of all six dental isolates, 

biofilm microplate assays were carried out to (i) study their ability to form biofilms, and (ii) 

establish the effect of methanol fixation on assay precision.  

Quantification of biofilm formation of P.aeruginosa, A. xylosoxidans and Achromobacter 

sp. in microtitre plates 

The results of the evaluation of biofilm formation on plastic surfaces by P.aeruginosa, A. 

xylosoxidans and Achromobacter sp. revealed the existence of biofilm forming potential 

among all dental strains tested. Time course of biofilm formation was noted over 175 hr time 

period. Methanol fixation was found to have no significant effect in our findings and the level 

of biofilm formation with and without fixation was almost similar. All bacterial strains 

displayed good biofilm forming potential in the microtitre plate assay after 120 hr. After 120 

hr, biofilm formation was stabilized and the optical density remains relatively stable to 175 hr 

at an optical density which is characteristic of each of the 3 strains (Figure 8a). 

Quantification of biofilm formation of Klebsiella sp., B. cereus and B. subtilis in 

microtitre plates 

In the other three isolates, however, our results showed that dental isolates differed in their 

biofilm formation capability over the period studied reaching plateau phase after 72 hr 

(Klebsiella sp.) to 120 hr (Bacilli species). Klebsiella sp. appeared to form a 4 and 9 times 

stronger biofilm on the polystyrene microtitre plate walls than B. cereus and B. subtilis, 

respectively. 
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Figure-8.1  Time course of biofilm formation by (a) P. aeruginosa, A. xylosoxidans, 

Achromobacter sp. (b) Klebsiella sp., B. cereus,  B. subtilis. Cells were grown overnight and 

diluted 1:100 in fresh LB supplemented with 0.5 % w/v glucose (LBG) medium. 200 μl of this 

was transferred to microtitre plates and assayed for biofilm formation  at 72, 120 and 175 hr. 

Data was obtained from three independent experiments. –fix, without methanol fixation; +fix, 

with methanol fixation. 

(a). 

(b). 
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 Methanol fixation did not significantly influence the sensitivity and precision of the CV 

assay suggesting that the CV assay can be simplified by omitting the fixation step (Figure 

8b).  

 

EFFECT OF QSIs AND EDTA ON BIOFILM FORMATION 

The emergence of antibiotic-resistant strains has raised increased interest in developing 

alternative antimicrobial treatment strategies. A series of experiments with patulin (PAT), 

penicillic acid (PA) and EDTA alone and in combination was conducted to evaluate the 

suitability and potential of these QSIs as alternatives to combat biofilms in dental settings. 

Effect of QSIs and EDTA on biofilm formation of P. aeruginosa, A. xylosoxidans and 

Achromobacter sp. 

To assess the effects on biofilm formation of three isolates, various concentrations of QSIs 

(PAT, PA) alone and in combination with EDTA were tested. In P. aeruginosa biofilm 

formation was enhanced with increasing PA concentration upto 2.5µM, thereafter biofilm 

formation was suppressed, though it was still greater than control (Figure 8.2a). However 

PAT alone resulted in an increase in biofilm formation in a concentration dependent manner 

with the higher biofilm formation at 25 µM. Combined form of PAT with EDTA resulted in 

no significant effect upto 10 µM concentration. At 25 µM again an increase in biofilm 

formation was observed similar to that when PAT was tested alone (Figure 8.2b). 

In A. xylosoxidans, an increase in PA concentrations (1- 2.5 μM) resulted a decrease in 

biofilm formation, however at higher concentration (10-25 μM) biofilm formation is 

stimulated again. EDTA (1-25 μM) appeared to promote biofilm formation particularly at 10 

μM concentration at which biofilm formation was observed to be double compared to the 

control. No significant effect of PA in combination with EDTA was noticed (Figure 8.3a). 

Effect of PAT was insignificant while in combined form with EDTA (1-10 μM) stimulated 

biofilm formation, afterwards adverse effects were noted (Figure 8.3b). Biofilm formation in 

Achromobacter sp. was adversely affected by applying PA concentration at 2.5 μM, 

afterwards no affect was observed.  

Effect of EDTA alone and in combined form with PAT was similar to those observed in 

A. xylosoxidans (Figure 8.4a, b). However, in contrast to A. xylosoxidans, a significant 

decrease (p<0.05) was observed in biofilm forming capability of Achromobacter sp. by 

applying PAT (1-25 μM concentration) alone. (Figure 8.4b) 
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Figure-8.2        Effect of varying concentrations of (a) PA, EDTA and PA plus EDTA, (b) PAT and 

PAT plus EDTA on biofilm formation of P. aeruginosa. Different concentrations (0-25 M) of PA, 

EDTA and PA plus EDTA were added to microtitre wells inoculated with P. aeruginosa in LB  

supplemented with 0.5 % w/v glucose (LBG). After 72 hr of incubation, the biofilm density was 

measured (filled bars). The data represent means (standard deviations) of triplicate experiment.. 

Cells without QSIs and EDTA in LBG were served as control (open bar). 

(a). 

(b). 



 

 

218 

   

0.0

0.1

0.2

0.3

Control 0.25 µM

PA

1 µM

PA

2.5 µM

PA

10 µM

PA

25 µM

PA

0.25 µM

EDTA

1 µM

EDTA

2.5 µM

EDTA

10 µM

EDTA

25 µM

EDTA

25 µM

PA + 

EDTA

A
5

6
2
 [

/]

 

  

0.0

0.2

0.4

Control 0.25 µM

PAT

1 µM

PAT

2.5 µM

PAT

10 µM

PAT

25 µM

PAT

1 µM

PAT +

EDTA

2.5 µM

PAT + 

EDTA

10 µM

PAT + 

EDTA

25 µM

PAT + 

EDTA

A
5

6
2

 [
/]

 

Figure-8.3        Effect of varying concentrations of (a) PA, EDTA and PA plus EDTA, (b) PAT and 

PAT plus EDTA on biofilm formation of A. xylosoxidans. Different concentrations (0-25 M) of PA, 

EDTA and PA plus EDTA were added to microtitre wells inoculated with A. xylosoxidans in LB  

supplemented with 0.5 % w/v glucose (LBG). After 72 hr of incubation, the biofilm density was 

measured (filled bars). The data represent means (standard deviations) of triplicate experiment. Cells 

without QSIs and EDTA in LBG were served as control (open bar). 

 (b). 

(a). 
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Figure-8.4        Effect of varying concentrations of (a) PA, EDTA and PA plus EDTA, (b) PAT and 

PAT plus EDTA on biofilm formation of Achromobacter sp. Different concentrations (0-25 M) of 

PA, EDTA and PA plus EDTA were added to microtitre wells inoculated with Achromobacter sp. in 

LB  supplemented with 0.5 % w/v glucose (LBG). After 72 hr of incubation, the biofilm density was 

measured (filled bars). The data represent means (standard deviations) of triplicate experiment. 

Cells without QSIs and EDTA in LBG were served as control (open bar). 

(b). 

(a). 
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Effect of QSIs and EDTA on biofilm formation of Klebsiella sp., B. cereus and B. subtilis 

Results showed that PA and EDTA concentrations up to 25 μM did not significantly affect 

biofilm formation of Klebsiella sp. when applied alone. In contrast, PA in combination with 

EDTA at concentration of 25 μM significantly stimulated biofilm formation in Klebsiella sp. 

(p<0.05) (Figure 8.5a). PAT alone and combined with EDTA was found to slightly inhibit 

biofilm formation of Klebsiella sp. at 25 μM or less (Figure 8.5b). 

QSI biofilm assays with B. cereus showed that PA had no effect. While 25 μM EDTA 

alone and in combination with PA resulted in a highly significant increase (p < 0.001) in 

biofilm formation in B. cereus (Figures 8.6a). PAT alone and combined with EDTA also 

enhanced biofilm formation in B. cereus in a concentration dependent manner and a highly 

significant increase (p>0.01) in biofilm formation was observed at 25 μM concentration 

(Figure 8.6b). 

In B. subtilis, PA stimulated biofilm formation until 25 µM where a reduction in 

biofilm formation was observed. Significant increase (P<0.01) in biofilm formation was 

observed by applying EDTA alone, however in combined form with PA the effect was not 

pronounced (Figure 8.7a). PAT alone significantly decreased biofilm formation (p < 0.05) 

even at a very small concentration, whereas EDTA applied along with PAT stimulated 

biofilm formation at concentrations greater than 10 μM (Figure 8.7b). 
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Figure-8.5        Effect of varying concentrations of (a) PA, EDTA and PA plus EDTA, (b) PAT and 

PAT plus EDTA on biofilm formation of Klebsiella sp. Different concentrations (0-25 M) of PA, 

EDTA and PA plus EDTA were added to microtitre wells inoculated with Klebsiella sp. in LB 

supplemented with 0.5 % w/v glucose (LBG). After 72 hr of incubation, the biofilm density was 

measured (filled bars). The data represent means (standard deviations) triplicate experiment. Cells 

without QSIs and EDTA in LBG were served as control (open bar). 

 (b). 

(a). 



 

 

222 

0.0

0.1

0.2

0.3

0.4

Control 0.25

µM PA

1 µM

PA

2.5 µM

PA

10 µM

PA

25 µM

PA

0.25

µM

EDTA

1 µM

EDTA

2.5 µM

EDTA

10 µM

EDTA

25 µM

EDTA

25µM

PA + 

EDTA

A
5
6
2
 [
/]

 

                                           

0.0

0.2

0.4

0.6

Control 0.25 µM

PAT

1 µM

PAT

2.5 µM

PAT

10 µM

PAT

25 µM

PAT

1 µM

PAT +

EDTA

2.5 µM

PAT +

EDTA

10 µM

PAT +

EDTA

25 µM

PAT +

EDTA

A
5

6
2

 [
/]

 

Figure-8.6        Effect of varying concentrations of (a) PA, EDTA and PA plus EDTA, (b) PAT 

and PAT plus EDTA on biofilm formation of B. cereus. Different concentrations (0-25 M) of 

PA, EDTA and PA plus EDTA were added to microtitre wells inoculated with B. cereus in LB 

supplemented with 0.5 % w/v glucose (LBG). After 72 hr of incubation, the biofilm density was 

measured (filled bars). The data represent means (standard deviations) triplicate experiment. 

Cells without QSIs and EDTA in LBG were served as control (open bar). 

 (b). 

(a). 
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Figure-8.7        Effect of varying concentrations of (a) PA, EDTA and PA plus EDTA, (b) PAT and 

PAT plus EDTA on biofilm formation of B. subtilis. Different concentrations (0-25 M) of PA, EDTA 

and PA plus EDTA were added to microtitre wells inoculated with B. subtilis in LB supplemented 

with 0.5 % w/v glucose (LBG). After 72 hr of incubation, the biofilm density was measured (filled 

bars). The data represent means (standard deviations) triplicate experiment. Cells without QSIs and 

EDTA in LBG were served as control (open bar). 

 (b). 

(a). 
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DISCUSSION 

Biofilm formation is an important indicator of the pathogenicity of the strains. Various 

methods are used to assess the biofilm forming capability of the isolates. Among them 

microtitre plate assay is considered to produce most reliable data (Narisawa et al., 2005). The 

microtitre plate assay used in the present study permitted measurement of the ability of dental 

isolates to adhere and grow as a biofilm on polystyrene surfaces. Here, crystal violet staining 

of the attached cells and measurement of its absorbance following elution with ethanol was 

used to quantify the biofilm forming ability of the bacterium.  

The microtitre plate method used here to assess biofilm formation does have some 

limitations. For example, cultures derived from a single species may not behave or react like 

the mixed population found in the natural environment (Pompermayer and Gaylarde, 2000), 

however, it allows the screening of large number of biofilm formers easily because of its 

simplicity, robustness and inexpensiveness. It has been successfully used for determining the 

biofilm forming abilities of bacterial strains isolated from different environmental settings 

(Narisawa et al., 2005). It is well known that many factors influence biofilm formation, 

among them the composition of the medium (Stepanovic et al., 2003) and incubation period 

are the most important. Supplementation of the medium with glucose increases the ability of 

pathogenic strains to form biofilm (Mathur et al., 2006; Yoshida et al., 2005). Therefore, 

biofilm study was designed in glucose supplemented medium and for a prolong period of 

time. 

Evaluation of biofilm formation by P. aeruginosa, A. xylosoxidans and Achromobacter 

sp. in this study revealed that these bacteria possess a high capacity for biofilm formation on 

plastic surfaces, in terms of the number of biofilm producing strains. However, the 

significance of this study originates from the fact that we employed essentially longer 

incubation time in the investigation. In general, it is assumed that glass and stainless steel are 

hydrophilic materials while rubber and plastic are hydrophobic materials (Sinde and Carballo, 

2000). It has been previously shown that micro-organisms, adhere in higher numbers to more 

hydrophobic materials (Donlan, 2002). As adhesion is the first step in complex process of 

biofilm formation (Donlan, 2002), this could be one possible explanation for the ability of 

these bacteria to produce biofilm in high numbers on plastic surface. Furthermore, obtained 

results showed that despite the lack of luxS gene, there was no difference between the 
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quantities of biofilm produced by the tested strains, suggesting that luxS may not be involved 

in biofilm formation (Wen and Burne, 2002). The greater biofilm production by these strains 

is in agreement with the published superiority of Gram-negative bacteria to form biofilm on 

inert surfaces (Pompermayer and Gaylarde, 2000).  

However, a difference in biofilm forming capability was noticed in Klebsiella sp. (72 

hr) and Bacilli sp. (120 hr). Klebsiella sp. produced the highest biofilm. A study on 23 

bacterial strains has shown that hydrophobic cells adhered to a greater extent to negatively 

charged polystyrene after 0.5 hr than hydrophilic cells, and that cell surface hydrophobicity 

based on contact angle measurements can deviate strongly within the same genus with no 

direct correlation between contact angles for Gram-positive and Gram-negative cell walls 

(Van Loosdrecht et al., 1987). Furthermore, surface hydrophobicity is influenced by growth 

medium, bacterial age and bacterial surface structures (Vatsos et al., 2001). It has also been 

suggested that motility
 
and flagella formation can play a role in initial biofilm formation 

(Vatanyoopaisarn et al., 2000), and non-motile mutants have been shown to lack biofilm 

forming ability, compared to wild-type cells (O‘Toole, 2000). While bacterial surface 

hydrophobicity and motility may play a role in the initial adhesion event, they are arguably of 

less importance in later stages of biofilm development, and can therefore be neglected in our 

study.   

EPS has been shown to play important roles in attachment and
 
structural development 

of mature biofilms (Sutherland, 2001). All species studied here are known to produce EPS, 

with maximum EPS production in overnight cultures grown at a neutral pH in 20 % LB
 
at 

37°C in the presence or absence of N-Acetyl-L-cysteine (0.25 or 0.5 mg
 
ml

-1
) (Olofsson et al., 

2003), and  Klebsiella pneumoniae were reported to produce about 10 times more EPS than 

Bacillus sp. (Olofsson et al., 2003). Since crystal violet (CV) interacts with many negatively-

charged cell components (Burton et al., 2007), the greater biofilm formation capability 

observed for Klebsiella sp. might therefore be due to non-specific staining of EPS by CV.  

According to results reported here, all tested strains produced biofilm. The three time 

periods used to investigate biofilm production led to different levels of biofilm formation by 

tested bacteria. The most effective time point in promoting biofilm production was 120 hr by 

the tested  strains. Upto 175 hr, no further increase in biofilm production was noted by all of 

our tested strains. Methanol has been used as a fixative in some CV biofilm assays 

(Stepanović et al., 2001; Jin et al., 2006), and omitted in others (Stepanović et al., 2004; 
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Balestrino et al., 2005). But in this study no significant effect of methanol fixation was 

observed on biofilm formation so it can be excluded for simplification of assay. 

QS is important regarding its role in infecting their hosts (both plants and humans). 

With this in mind, its possible that interruption of QS system in bacteria could lead to 

interference in biofilm formation (Xavier and Bassler, 2003; Sperandio et al., 2003; Liaqat et 

al., 2008). Hence, Identification of QSIs could present us with new opportunities for the 

development of novel nonantibiotic drugs for treating bacterial diseases and biofilm caused 

infections in humans as well as in other animals and plants. Compared with conventional 

antibiotics, QSIs that do not kill or inhibit microbial growth are less likely to impose a 

selective pressure for the development of resistant bacteria (Bosgelmez et al., 2007). 

Inhibitors of AI-2 synthesis may interfere with QS system and promote biofilm 

dispersal, a biocide may be used to efficiently kill the weakened cells on a broad scale in a 

wide variety of gram positive and gram negative bacteria (Russell, 2003b). PAT and PA have 

been identified as effective natural QSIs, and their specificity to inhibit QS regulated genes 

was found to be comparable to that of furanone C-30, which blocks the activation of luxR 

homologues (Rasmussen et al., 2005a, b). The QSIs (PAT, PA) investigated in this study 

were selected based on previous studies in which the compounds have interfered with 

bacterial QS systems (Persson et al., 2005; Rasmussen and Givskov, 2006). The use of 

EDTA to treat biofilm-related infections has been evaluated by several groups, with 

promising results (Raad et al., 2003).  

The results showed that PA and EDTA concentrations up to 25 µM alone had no 

adverse affect on biofilm formation of any isolate among P. aeruginosa, A. xylosoxidans, 

Achromobacter sp. and klebsiella sp. Instead it stimulated biofilm formation in certain 

isolates wherever noticed. Only exception was that of Achromobacter sp. where adverse 

effect of PA was noticed upto 10 µM concentration. However, the lack of effect of the QSI in 

the biofilm formation could have possibly been caused by the instability of the QSI. Similar 

finding were obtained by Rasch et al. (2007) in monitoring the effects of QSI on bean sprout 

model.  Combination of EDTA with PA significantly decreases biofilm formation in P. 

aeruginosa. A possible explanation for this can be that QSIs in combination with EDTA 

might have some effect on biofilm formation making it more susceptible to EDTA. Hentzer 

and Givskov (2003) showed that P. aeruginosa PAO1 biofilms treated with the synthetic QSI 

compound furanone C-30 became susceptible to both SDS and tobramycin treatment. In 
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contrast, the same combination greatly stimulated biofilm formation in Klebsiella sp. PAT 

alone and combined with EDTA was found to enhance biofilm formation in P. aeruginosa at 

25 µM or less. Whereas strong inhibitory effect on biofilm formation of Achromobacter sp. 

and slight inhibitory effect of that of A. xylosoxidans and Klebsiella sp. was noticed again at 

25 µM or less. It may be speculated that greater concentrations of PA and PAT eventually 

show biofilm formation effects but are unlikely to be cost-effective, and were hence not 

investigated further. Wu et al. (2004) published that furanone C-30 exhibits significant and 

highly specific QSI effect on P. aeruginosa QS albeit at higher concentrations. 

Alternatively, it is conceivable that PA and PAT were not compatible with the target 

site (LuxR protein) in Klebsiella sp. Moreover, greater concentrations of QSIs have growth-

inhibitory effects as reported by Rasch et al. (2007), which in turn could trigger undesirable 

resistance mechanisms in bacteria. The fact that the chelating agent EDTA alone had no or 

stimulating effects on biofilm formation of P. aeruginosa, A. xylosoxidans, Achromobacter 

sp., klebsiella sp. biofilm formation indicates that the concentration was too low and/or the 

isolate was able to counter any adverse effects by, for example, excreting siderophores into 

solution to sequester essential trace element as well as produce extra or different EPS 

containing more carbohydrates (Decho, 1990). 

PA had no significant effect on biofilm formation in B. cereus while in B. subtilis, a 

decrease in biofilm formation was observed only at 25 µM. Applying combined form of PA 

with EDTA, significant increase was observed in B. cereus only. PAT alone stimulated 

biofilm formation in B. cereus, but in B. subtilis, biofilm formation was decreased 

significantly even at the lowest concentration of PAT (0.25 μM) alone. In combined form 

with EDTA biofilm formation was enhanced in both isolates (in B. subtilis at > 10 μM). In B. 

cereus a highly significant increase (p<0.01) in biofilm formation was observed at 25 μM 

concentration. Findings of this study regarding QSIs alone and in combined form with EDTA 

in B. cereus and B. subtilis indicates that these isolates were able to overcome the 

concentration-dependent biocidal effects of EDTA by producing more EPS (Decho, 1990), 

for example. PA and PAT may serve as an additional carbon source thus explaining the 

enhanced biofilm growth wherever noticed. However, the calculated total organic carbon 

(TOC) content of both QSI compounds (25 µM  4 mg TOC L
-1

) only represents a minor 

fraction of the overall TOC of LBG medium (7.8 g TOC L
-1

) and can therefore be ruled out. 

Instead, it could be speculated that the QSI compounds triggered biofilm formation 
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mechanisms in B. cereus and B. subtilis. First clues on how QSIs might work on B. cereus 

and B. subtilis were provided by Auger et al. (2006) and Frezza et al. (2007). Auger et al. 

(2006) studied the effect of 1 to 6.8 µM AI-2 molecules on biofilm formation of B. cereus 

ATCC 10987 over a period of 24 hr and found that an increasing AI-2 concentration 

decreased biofilm cell density threefold. Frezza et al. (2007) tested the effect of Ac2-DPD, 

the bis-(O)-acetylated derivative of 4,5-dihydroxy-2,3-pentanedione (DPD), a stable 

precursor of AI-2, on the biofilm formation of B. cereus strain 407 and found that at 8 µM 

and after 24 hr of incubation, both Ac2-DPD and DPD significantly inhibited biofilm 

formation (p < 0.01). These findings imply that in this study PA and PAT acted indeed as 

QSI in Achromobacter sp., B. subtilis and B. cereus, respectively. The findings also have 

greater implications on the use of QSI as a novel strategy to control biofouling, particularly in 

settings where multi-species biofilms exist.  

The next question that opens up is whether PAT and PA acted as QSIs or diffusion 

sensing inhibitors (DSIs). Redfield (2002) suggested that the commonly reported quorum 

sensing phenomenon is a diffusion sensing process instead, which allows individual cells to 

regulate secretion of degradative enzymes, surfactants, antibiotics, siderophores and other 

effectors to minimize losses owing to extracellular diffusion and mixing. According to 

Redfield (2002) hypothesis, low AI-2 concentrations ‗tell‘ the individual cell that mixing 

occurs in the cell‘s environment, and production of any effector will be uneconomic, and vice 

versa. However, the data presented in this study do not support this scenario, as both Bacilli 

species tested responded to increasing concentrations of either PAT or PA, which arguably 

cause a decrease in AI-2 production or sensing and thus downregulate secretion of any 

effectors.  

In addition, the results provide evidence that the effect of QSIs on biofilm formation is 

species-specific, and screening efforts to identify potential QSIs should be based on the target 

organism. This appears somewhat surprising since the D. pulchra defence mechanism against 

bacterial colonisation of its fronds coupled with the observation that this mechanism could 

also be applied to the opportunistic pathogen P. aeruginosa PAO1 (Hentzer et al., 2002) 

implies that broad-spectrum QSIs do exist. It remains to be seen whether the latter can be 

proven, or the mechanism of inhibiting biofilm formation in D. pulchra is not yet fully 

understood.  
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Chapter 9 

DISCUSSION 
 

The presence of biofilm in dental units connected to municipal water supply is well 

documented (Smith et al., 2002; Szymanska, 2003a). The origin of the bacteria in a biofilm is 

considered to be the planktonic bacteria in the water supply.
 
The dental unit with its long, 

narrow bore appears to be an ideal environment for the formation of a biofilm. The bacteria 

in a biofilm show higher levels of physiological activity and enhanced resistance to biocides. 

Biofilm forms a tenacious layer that is strongly adherent to the walls of the tubing and often 

contains different types of pathogenic bacteria (Singh et al., 2003). Several pathogens such as 

Pseudomonas, Mycobacterium and Legionella have been isolated from dental unit water lines 

(DUWL). Some of these pathogens can be responsible for severe diseases, and immune-

compromised patients in particular may be at high risk. Dentists' health would also seem to be 

directly at risk (Bishara et al., 2005). Keeping this in view the present study is based on 

isolation and characterisation of biocides resistant bacteria from dental settings. In order to 

achieve this main objective, eight biocides (Table 2.10) were tested against DUWL biofilm 

and biofilm bacteria isolated from dental tubings. 

As far as DUWL contamination is concerned, the results of this study showed that 

DUWL are highly contaminated (Montebugnoli and Dolci, 2002). Sixty six different strains 

(Table 3.3) were isolated from tubing samples of DUWL. Among these, 19 strains from air 

water tubings (AWT), 29 from patient tubings (PT) and 18 from main water pipe (MWP) had 

morphological variation. In addition, rich biofilm was observed on the tubing samples by 

embedding tubing samples in polyacryramide gel and staining with 0.1 % acridine orange for 

epifluorescent microscopy without flushing any biocide. Applying all the biocides singly 

resulted in not very promising results. In combined form, NaOCl+ Phe was very effective and 

only 0-2 % microorgainsms got recovered compared to flushing all biocides which resulted in 

60-70% of recovered microrganisms.  Uzel et al. (2008) identified 44 morphologically 

different colonies were obtained from DUWL water samples and 20 types of colonies 

(45.5%) using API test strips.  The predominant bacterial strains isolated by Uzel et al. 

(2008) were motile, gram positive, spore formers and non capsulated.  

http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Bishara%20SE%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstractPlusDrugs1
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Montebugnoli%20L%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstractPlusDrugs1
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Dolci%20G%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstractPlusDrugs1
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Uzel%20A%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstractPlusDrugs1
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In order to evaluate the efficacy of biocides, two techniques were employed (i) Flushing 

the biocides through tubing samples to monitor their efficacy against biofilm and (ii) culture 

dependent technique i.e. by introducing the biocides into L-agar media at various 

concentrations (100-1000 µgml
-1

) singly, in combination of two or more. 

Biocides including sodium dodecyl sulphate (SDS), hydrogen peroxide (H2O2) sodium 

hypochlorite (NaOCl), phenol (Phe), Tween 20 (Tw 20), ethylene-diamine-tetra-acetic acid 

(EDTA), chlorohexidine gluconate (CHX) and povidine iodine (PI), were flushed through the 

tubing samples singly and in combined form of two or more. None of the biocides was 

effective in completely eliminating viable bacteria as well as removal the biofilm compared 

to NaOCl and CHX achieving almost 85%- 90% or more than 90% decrease in the three 

tubing samples on two media (PCA, TSA) respectively. However, biofilm removal was not 

significant even by applying these two biocides. Interesting results were obtained by testing 

the NaOCl in combined form with Phe (~ 100% reduction in biofilm TVC) as well as 

significant biofilm removal. These results regarding NaOCl activity are in agreement with 

other reports showing that NaOCl possess a very rapid and broad spectrum microbicidal 

activity together with a very good activity against biofilm in waterlines (Montebugnoli and 

Dolci, 2002). 

For employing culture dependent technique, among eight biocides, two biocides 

(NaOCl, EDTA) showed promising results and resulted in 2-9% resistant isolates. Hence 

these two along with two more (H2O2, SDS), which showed good results by flushing methods 

were selected to test in combinations and combined form of each of these with rest of seven 

biocides was tested to monitor biofilm bacterial resistance. Combined form of NaOCl with 

EDTA, Tw 20; EDTA with phe, H2O2; CHX with PI; SDS with CHX all proved to be 

effective combinations and 2-10% resistant strains were isolated. Overall CHX in 

combination with PI was significantly effective resulting in 0-5% resistant isolates and in this 

combination the efficacy was due to CHX since PI was the only biocide which was observed 

not very effective in this study in controlling bacterial growth. The
 
efficacy of CHX in 

reducing oral bacterial viability has been demonstrated in many studies (Loesche and Kazor, 

2002; Quirynen et al., 2002; Herrera et al., 2003; Clavero et al., 2003). It‘s a commonly used 

antimicrobial in dentistry and was effective to control bacteria in dental water lines (Epstein 

et al., 2002). Application of all eight biocides at 100 μgml
-1 

versus 66 DUWL isolates 

resulted in 20 resistant isolates only. Combinations of biocides were observed to be more 

http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B7GJ8-4DF47YM-1&_user=2248840&_rdoc=1&_fmt=&_orig=search&_sort=d&view=c&_acct=C000056732&_version=1&_urlVersion=0&_userid=2248840&md5=1f11a9f85b806da93d6034c24b719e1e#bib7#bib7
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B7GJ8-4DF47YM-1&_user=2248840&_rdoc=1&_fmt=&_orig=search&_sort=d&view=c&_acct=C000056732&_version=1&_urlVersion=0&_userid=2248840&md5=1f11a9f85b806da93d6034c24b719e1e#bib7#bib7
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B7GJ8-4DF47YM-1&_user=2248840&_rdoc=1&_fmt=&_orig=search&_sort=d&view=c&_acct=C000056732&_version=1&_urlVersion=0&_userid=2248840&md5=1f11a9f85b806da93d6034c24b719e1e#bib7#bib7
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B7GJ8-4DF47YM-1&_user=2248840&_rdoc=1&_fmt=&_orig=search&_sort=d&view=c&_acct=C000056732&_version=1&_urlVersion=0&_userid=2248840&md5=1f11a9f85b806da93d6034c24b719e1e#bib10#bib10
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B7GJ8-4DF47YM-1&_user=2248840&_rdoc=1&_fmt=&_orig=search&_sort=d&view=c&_acct=C000056732&_version=1&_urlVersion=0&_userid=2248840&md5=1f11a9f85b806da93d6034c24b719e1e#bib1#bib1
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B7GJ8-4DF47YM-1&_user=2248840&_rdoc=1&_fmt=&_orig=search&_sort=d&view=c&_acct=C000056732&_version=1&_urlVersion=0&_userid=2248840&md5=1f11a9f85b806da93d6034c24b719e1e#bib4#bib4
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B7GJ8-4DF47YM-1&_user=2248840&_rdoc=1&_fmt=&_orig=search&_sort=d&view=c&_acct=C000056732&_version=1&_urlVersion=0&_userid=2248840&md5=1f11a9f85b806da93d6034c24b719e1e#bib4#bib4
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B7GJ8-4DF47YM-1&_user=2248840&_rdoc=1&_fmt=&_orig=search&_sort=d&view=c&_acct=C000056732&_version=1&_urlVersion=0&_userid=2248840&md5=1f11a9f85b806da93d6034c24b719e1e#bib4#bib4
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effective compared to application of each biocide singly (Smith et al., 2002; Andersen and 

Hilsberg, 2007; Walker and Marsh, 2007). Franco et al. (2005) suggested that a combination 

of tetraacetylethylene diamine (TAED) and peracetic acid has interesting properties with 

respect to controlling DUWL contamination. Disinfectants i.e., dentasept and alpron, 

combinations of various compounds, have been reported to be effective against DUWL 

biofilm and planktonic bacteria (Smith et al., 2002; Walker and Marsh, 2007). 1% H2O2  in 

dentasept whereas NaOCl alongwith EDTA were observed to be present as active agents in 

alpron (Smith et al., 2002). Overall, combined form of all biocides applied in this study might 

result in a new formulation having a broad spectrum antimicrobial activity (Andersen and 

Hilsberg, 2007).  

The results of biocides efficacy either by flushing or by culture dependent method are in 

agreement with other studies which have obtained similar results, but adopting different 

disinfecting procedure (Wirthlin and Marshall, 2001; Meiller et al., 2001), consisting of 

introducing chemicals into water systems either continuously or intermittently during 

working pauses (Wirthlin and Marshall, 2001; Meiller et al., 2001).  

A recent concern is the possible development of bacterial resistance to biocides with 

extended use of various chemical formulations in dental settings (Alp, 2007). Twenty 

biocides resistant strains (AWT 1, AWT 2, AWT 10, AWT 13, AWT 14, AWT 16a, AWT 

21, AWT 25, AWT 28, AWT 33, PT 1, PT 2, PT 16, PT 19, PTNPF, PT PA, MWP 14, MWP 

15, MWPNPC and MWPNPD) were selected for further characterisation. These isolates 

exhibited similarities in most of the morphological, physiological and biochemical 

characteristics, however, some differences were also noted. Mostly isolates had circular to 

irregular colonies with entire to irregular margin. Majority (AWT 1, AWT 2, AWT 13, AWT 

14, AWT 16a, AWT 21, AWT 25, AWT 28, AWT 33, PT 2, MWP 14, MWP 15, MWPNPC) 

were motile gram positive rods (only one isolate AWT 21 was cocci) except for AWT 13, 

AWT 25, PT 19, PT PA and MWPNPD which showed gram negative behaviour. Different 

strains showed variation in utilization of carbohydrates. All strains were non-spore former 

(AWT 1, AWT 2, AWT 13, AWT 14, AWT 28, PT 1, PT 2, MWP 14, MWP 15, MWPNPC) 

having catalase enzyme. Generally they were aerobic except for AWT 2, AWT 13, AWT 21 

and PT 19 which were facultative anaerobes. Isolates showed variable results for other 

biochemical reactions. Following Holt (2008), morphological and biochemical 

characterisation of DUWL isolates showed that strains AWT 1, AWT 2, AWT 10, AWT 13, 

http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Andersen%20LP%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstractPlusDrugs1
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Hilsberg%20P%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstractPlusDrugs1
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Andersen%20LP%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstractPlusDrugs1
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Hilsberg%20P%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstractPlusDrugs1
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Alp%20S%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstractPlusDrugs1


 

 

232 

AWT 16a, AWT 25, AWT 28, AWT 33, PT 1, PT 2, MWP 14, MWP 15 were affiliated with 

family Bacillaceae; PT 19, MWPNPD with Enterobacteriaceae and PT PA has been found to 

share all characteristics with P. aeruginosa and hence was affiliated with family 

Pseudomonadaceae. Singh et al. (2003) isolated 55 morphologically distinct colonies from 

DUWL biofilm samples: 6 were gram positive, 49 were gram negative, and 1 was unknown. 

Growth curves with identifiable lag, log, and stationary phases were obtained both in 

obtained in biocides free as well as supplemented media. Strains growth was better in 

biocides free medium. Longer lag phase (4-6 hr) with less growth was observed in isolates 

growing in biocides supplemented medium compared to biocides free medium (2-6hr). This 

might be due to interference of biocides with energy-yielding and energy requiring processes 

in the cells and hence suppressing growth in the strains. In one study, no growth inhibition of 

S. sobrinus was found at concentrations between 0.07 and 0.15 mM CHX (also used as 

biocide in this study), whereas 0.3 mM CHX led to an elongated (2-hr more) lag phase and 

0.6 mM CHX induced a lag phase of 4 hr more and a minor inclination of the curve in the log 

phase (Dogan et al., 2003). Strains were able to grow over a wide range of pHs (5-9) and 

temperatures (24-42 C), but growth was poor at acidic pH (in biocides supplemented 

medium) and 24 C temperature in both media. Acidic pH may result in the activation of some 

of the cationic biocides and glutraldehyde thus inhibiting bacterial growth (Russell, 2003b). 

Like wise, dispersion of cellular components cause by decomposition of proteins, nucleic 

acids and irreversible damage of plasmatic membrane, thus affecting the metabolic activity 

may be the factors responsible for poor bacterial growth at 24 C temperature (Yang and 

Zhou, 2004) 

DUWL isolates showed multiple heavy metal (NiSO4, 500 μgml
-1

., MnSO4, 1000 μgml
-

1
.,

  
CoCl2 , 5000 gml

-1
, K2CrO4, 700 gml

-1
, ZnSO4 200 gml

-1
, FeSO4, 200 gml

-1
 and 

CuSO4 100 gml
-1

) and antibiotic (trimethoprim, 300 μgml
-1

.,  chloramphenicol, 50 μgml
-1

,  

few were resistant to kanamycin, 100 μgml
-1

) resistance with minor variation in resistance 

profile in biocides free and supplemented media. Microrganisms have evolved several ways 

that respond to the toxic effects of heavy metals and antibiotics. One common mechanism of 

resistance is plasmid encoded (Mergeay et al, 2003; Lau et al., 2008; Pope et al., 2008). 

Other mechanisms include reduced uptake, detoxification, physical sequestration, exclusion, 

and synthesis of binding proteins (Ledin, 2000). In addition, a correlation between the 

bacterial resistance to antibiotics and heavy metals was observed by stating that bacteria 

http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Lau%20SK%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Pope%20CF%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstractPlusDrugs1
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resistant to heavy metals may also be resistant to antibiotics (Ferreira da Silva et al., 2007; 

Sultan and Hasnain, 2007) as observed in this study.  The resistance level in all the metals 

and antibiotics was heterogeneous and varied from strain to strain. Lead nitrate proved to be 

most toxic while MnSO4 was the least toxic. Similarly, most isolates were resistant to 

trimethoprim and chloramphenicol. While most were sensitive to kanamycin However, a 

direct comparison of our data with other studies is not valid as it depends upon several factors 

like (i) composition of the medium used, (ii) diffusion rate (iii) complexation, and (iv) 

availability of metals/antibiotics to the bacteria resulting in differences in minimal inhibitory 

concentration of metal (Viti et al., 2003). 

Plasmids were detected in all the bacterial isolates. To confirm the presence of plasmids 

in biocides resistant isolates and the transfer abilities of plasmids/biocides resistance, 

conjugation and transformation experiments were performed. For conjugation, broth mating 

technique was used. Twenty freshly isolated and two E. coli strains (C600 and DH5α) were 

selected. E. coli K12 strains were used as recipients. The transconjugants of isolates (AWT 2, 

AWT 10, AWT 25, PT 1, PT 19, PT PA, PTNPF, MWP 14 and MWPNPD) obtained with 

two different recipient strains (in addition to the specific antibiotic resistance) could tolerate 

to 100 μgml
-1 

biocides.
  

Transformation experiment was carried out with the same two 

recipient strains. Plasmids of some of strains were transferable to more than one host which 

showed the specificity of these isolates for these hosts. Failure in getting 

transconjugants/transformants for rest of the isolates does not necessarily reflect the absence 

of biocides resistance marker on the plasmids. Conjugative property of plasmids also depends 

upon host restriction mechanism, physio-chemical condition, host physiology and type of 

plasmid transfer (Woegerbauer et al., 2002). Alternatively resistance genes might also be 

located on chromosomes (Sekiguchi et al., 2005).  

In addition to morphological, biochemical, physiological and genetical characterisation 

of biocides resistance isolates, cell wall study was also carried out to test that if biocides have 

affected the cell wall constituents (peptidoglycan, diaminopimelic acid and teichoic acid) of 

resistant isolates. Additionally to explore the possibility that altered temperature and pH 

might effect PG, DAP and teichoic acid contents in resistant strains; cell wall constituents 

from biocide resistant isolates were determined under different temperatures and varying pHs 

in L-broth and L- broth supplemented with 100 µgml
-1

 biocides. Most of air water tubing 

(AWT) isolates (AWT1, AWT 2, AWT 13, AWT 14, AWT 21 AWT 25 and AWT 33) had 

http://www.ncbi.nlm.nih.gov/pubmed/16488604?ordinalpos=16&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVDocSum
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6V78-4JCBN53-2&_user=2248840&_rdoc=1&_fmt=&_orig=search&_sort=d&view=c&_acct=C000056732&_version=1&_urlVersion=0&_userid=2248840&md5=d0e5ade2ad8d750aed6619952a304e92#bib46#bib46
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Sekiguchi%20J%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstractPlusDrugs1
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high PG content was observed in biocides free medium , pH 7 and at either temperature (37 

or 45°C).  Whereas patient tubing (PT) and main water pipe (MWP) isolates had high PG 

content at variable temperatures and pHs. Among PT isolates, 50% preferred biocides free 

medium, in contrast among MWP isolates, 75% exhibited higher content in biocides 

supplemented medium (100 µgml
-1

). Generally, the PG content was found to be more in 

resistant cells (55%) in biocide free medium compared to the cells (45%) growing in biocides 

supplemented medium. But the difference is not significant. Our findings are in agreement 

with Lambert (2002), who reported PG not act
 
as an effective barrier to the entry of 

antiseptics and disinfectants and high-molecular-weight substances including phenols and 

chlorhexidine can easily pass through the cell wall. However, highest PG amount (2.71 µmol 

g
-1

) was monitored in gram positive strain AWT 2. A possible explanation for this might be 

that PG is the most abundant constituent of cell wall of gram positive bacteria and hence, 

accounts for half of the bacterial cell wall mass (Wolfert et al., 2007). Generally DAP content 

was higher in walls of resistant strains (80%) in biocides supplemented media at pH 7. 70% 

isolates from air water tubing samples including AWT 2, AWT 14, AWT 16a, AWT 25, 

AWT 28 and AWT 33, showed high DAP content at pH 7 and 45 °C. 67% strains from PT 

isolates preferred 45 °C temperature and pH 7 for maximum DAP content. While all (100%) 

of isolates preferred biocides supplemented media for high DAP content in MWP isolates. 

DAP has been considered to play very important role in survival of bacteria under 

unfavourable circumstances. The high amount of DAP in biocide supplemented media may 

be related to low amount of PG in our study. It is also possible that bacteria have modified 

their PG moiety to survive under unfavourable conditions. Many
 
strains of gram-negative 

bacteria modify the DAP as amides. Similarly, most of the peptide subunits
 
of B. subtilis and 

B. licheniformis have an amide substituent
 
on the carboxyl group of the D-asymmetric carbon 

of DAP. The amidation of PG or DAP is a can be a strategy of bacteria to avoid detection by 

host immune system (Wolfert et al., 2007). Neutral pH and both temperatures (37 °C, 45 °C) 

favoured the high content of teichoic acid in 93% isolates in both media. Among AWT 

isolates, 37 °C was found to be ideal for the maximum teichoic acid content almost all strains. 

Among PT isolates, pH 7 was observed best for high teichoic acid content in all isolates (PT 

1, PT 2, PT 16 and PTNPF). Maximum teichoic acid contents of PT 1, PT 2, PTNPF was 

determined in biocides free medium at 37 °C. Generally teichoic acid content was more in 

biocides free media (53% isolates) than biocides supplemented media. Low teichoic acid in 

biocides supplemented medium was due to its ability to modify itself as noticed by the 

amidation of PG or DAP above. A report by Ellwood et al. (1969) showed that teichoic acid 

http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Wolfert%20MA%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstractPlus
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is replaced by teichuronic
 
acid when B. subtilis is grown under phosphate-limited conditions, 

hence enabling the bacteria to grow during phosphate limitation. Furthermore, teichoic acid 

amount may be related to its wall shape maintenance. Various functions of wall teichoic acid 

have been proposed
 
and many of them are related to its anionic character, such

 
as cell shape 

maintenance by charge repulsion or buffering
 
of magnesium ions (Bhavsar  et al., 2004). 

EDTA (one of the biocides used in this study), a metal chelator, might cause the chelation of 

cell wall, thus increasing its permeability and low teichoic acid content in biocides 

supplemented medium and at elevated temperature. The potent activity of any of the 

disinfectant agent/biocide depends upon its penetration through cell wall. Thus restricted 

permeability of the bacterial cell wall (by modifying its PG, DAP or teichoic acid content) on 

exposure to biocides may be one factor contributing to bacterial resistance (Liaqat and Sabri, 

2008b). 

For identification of bacteria to species level, sequence analysis of almost full length 

sequence (> 95%) of 16S rRNA gene was performed. Six bacterial strains (AWT 2, AWT 13, 

AWT 25, PT 19, PT PA and MWPNPD) were selected for this purpose. All these strains 

could resist to 150 µgml
-1

 biocides in L- broth. On the basis of phylogenetic data, the strains 

AWT 2, AWT 13, AWT 25, MWPNPD, PT PA and PT 19 were identified as Bacillus cereus, 

Bacillus subtilis, Achromobacter xylosoxidans, Achromobacter sp, Pseudomonas aeruginosa 

and Klebsiella sp, respectively. BLAST analysis revealed strain AWT 2 (Bacillus cereus IL 

2; DQ989214) and AWT 13 (Bacillus subtilis IL 4; DQ989210) exhibited 99% similarities 

with the type strains Bacillus sp. B144 and Bacillus cereus strain ST307. The fact that two
 

distinct Bacillus species may possess identical 16S rDNA sequences
 
has previously been 

reported (Drancourt et al., 2000). Bavykin et al. (2008) recently reported that the currently 

defined species B. cereus, B. thuringiensis and B. mycoides actually represent mixtures of 

genetically distinct bacterial groups and the B. cereus group may be divided into seven 

subgroups (Anthracis, Cereus A and B, Thuringiensis A and B, and Mycoides A and B) based 

on 16S rRNA, 23S rRNA and gyrB gene sequences and each subgroup may be characterized 

with specific ―signatures‖ (genomic markers). AWT 25 and MWPNPD were found to have 

close resemblance with members of Achromobacter, identified as A. xylosoxidans and 

Achromobacter sp. BLAST analysis of these two isolates revealed that AWT 25 (A. 

xylosoxidans IL-03; DQ989213) and MWPNPD (Achromobacter sp. IL-02; DQ989212) 

revealed 99% homology to the type strain A. insolitus strain Y2P1 and both these were 100% 

identical to each other. The PT isolates PT PA (P. aeruginosa IL1; DQ989211) and PT 19 

http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Bhavsar%20AP%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Drancourt%20M%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstractPlusDrugs1
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(Klebsiella sp IL6; DQ989215) exhibited 99% homology with type strains P. aeruginosa 

strain MML2212 and K. oxytoca respectively. It is evident from the phylogentic tree that B. 

cereus IL 2; DQ989214 and Bacillus subtilis IL 4; DQ989210 can be clustered  with 

Firmicutes group, whereas A. xylosoxidans IL-03; DQ989213., Achromobacter sp. IL-02; 

DQ989212 being members of β proteobacteria and P. aeruginosa IL1; DQ989211., 

Klebsiella sp. IL6; DQ989215 being members of γ proteobacteria, hence are clustered with 

proteobacteria. On the basis of 16S rRNA gene sequencing, Singh et al. (2003) identified 40 

different genera of bacteria among the sequences of 165 subclones from DUWL biofilm. The 

six most common genera and their frequencies were as follows: Leptospira, 20%; 

Sphingomonas, 14%; Bacillus, 7%; Escherichia, 6%; Geobacter, 5%; and Pseudomonas, 5%. 

The major (~55%) group of organisms belonged to the Proteobacteria. 7% of Bacillus were 

included in bacteria comprising the other 45% of biofilm bacteria. In this study though 

limited number of isolates was identified by 16S rRNA sequence analysis but the dominant 

group comprise proteobacteria. Almost all the isolates identified by 16S rRNA gene analysis 

were observed to be pathogens, hence potential risk for elderly and immunocompromised 

patients visiting dental clinics is evident. 

Quorum sensing (QS) is a cell density-dependent cell–cell signaling system by which a 

bacterial communicate via the secretion and detection of small extracellular molecules termed 

autoinducers. To date, there are two types of recognized quorum sensing systems in bacteria. 

The first, known as intraspecies quorum systems, are species specific. In gram negative 

bacteria, intraspecies quorum signals are composed of an acyl-homoserine lactone backbone 

with species specific substitutions, while Gram positive bacteria use various peptides as their 

signals (Fuqua et al., 2001). Recently, a second quorum sensing system was characterized in 

Vibrio harveyi. This system is referred to as the interspecies quorum system and is believed 

to operate as a universal quorum system for many bacteria possessing the characteristic luxS 

gene. luxS plays a role in the synthesis of an extracellular signaling molecule, autoinducer 2 

(AI-2) (Loh et al., 2004). 
 
QS signaling systems of pathogens are central regulators for the 

expression of virulence factors and represent highly attractive targets for the development of 

novel therapeutics. Interfering
 
with their command language (QS) and thereby disrupting 

virulence
 
expression instead of inhibiting growth could serve as an alternative

 
approach 

instead of using the conventional ways of controlling bacterial resistance (Smith and 

Iglewski, 2003; Hentzer
 
and Givskov, 2003). To test the hypothesis that biocides resistant 

isolates can produce signaling molecule, we tested V. harveyi BB170 bioassay in A. 

http://iai.asm.org/cgi/content/full/72/9/5506?view=long&pmid=15322055#R16#R16
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xylosoxidans (DQ989213), Achromobacter sp. (DQ989212), B. cereus (DQ989214), B. 

subtilis (DQ989210), Klebsiella sp. (DQ989215) and P. aeruginosa (DQ989211) in glucose 

free L –broth (LB) and L- broth supplemented with 0.5 % (w/v) glucose (LBG). Additionally 

if these isolates had QS system then we monitored the effects of Quorum sensing inhibitory 

compounds (QSIs) (patulin, penicillic acid) alone as well as in combination with a biocides 

i.e., ethylene di-amino tetra acetic acid (EDTA) on planktonic growth and thus AI-2 

production.  

During an initial screen of six isolates, no AI-2 activity could be observed in any of the 

isolates A. xylosoxidans and Achromobacter sp., in either media (LB, LBG). Subsequently 

our attempts to amplify the luxS gene using degenerate primers in A. xylosoxidans and 

Achromobacter sp. also failed suggesting that these strains might lack of luxS dependent AI-2 

system. However, luxS gene was successfully amplified in B. cereus and 458 bp fragment 

sequenced and submitted Genbank (http://www.ncbi.nlm.nih.gov/Genbank/index.html; 

Accession no. EU199227). After a Blastn search (http://www.ncbi.nlm.nih.gov) of the 

complete nucleotide collection, amplified luxS gene EU199227 was 100 % identical to a luxS 

protein from B. thuringiensis serovar finitimus strain CTC, 97 % homologous to luxS gene 

from synthetic construct Bacillus anthracis clone FLH240998.01L, and 99 % and 97 % 

homologous to luxS gene bc4789 in B. cereus ATCC 14579 and ATCC 10987, respectively.  

Despite the presence of luxS gene (B. cereus), cell free culture supernatants (CFCS) 

from both B. cereus and B. subtilis couldn‘t induce luminescence using V. harveyi BB 170 

bioassay. Our findings for B. subtilis are in agreement with Bassler et al. (1997), who studied 

cross-species induction of luminescence in V. harveyi. Regarding B. cereus,  Auger et al. 

(2006) investigated the biofilm formation of B. cereus ATCC 14579 as well as the production 

of AI-2 in B. cereus ATCC 10987 (AI-2 positive) using a Photorhabdus luminescens AI-2 

reporter assay. A growing list of diverse bacterial species
 
has been identified that regulate AI 

synthesis, producing
 

the signal only when certain conditions are met. Some bacteria
 

synthesize high levels of AI during the mid-exponential
 

growth phase in culture but 

significantly less AI during
 
the late exponential and stationary phases, presumably using

 

bacterial growth rate and nutrient supply as signals to regulate
 
AI synthesis (Blosser-

Middleton and Gray, 2001; Fong et al., 2001). Based on these reports we suggest that while 

B. cereus is genetically capable of synthesizing AI-2, but the culture medium does not 

http://www.ncbi.nlm.nih.gov/Genbank/index.html
http://www.ncbi.nlm.nih.gov/


 

 

238 

contain the compounds or yet-to-be-identified abiotic growth conditions necessary for AI-2 

production or contains QS inhibitory chemicals. 

In Klebsiella sp. and P. aeruginosa, significant AI-2 activity was observed in late 

exponential/stationary to late stationary growth phase and in both media (LB, LBG). 

Maximum AI-2 activity in Klebsiella sp. was observed at the late-exponential growth phase 

(after 4 hr, OD600 ~ 0.6), and level of AI-2 production was found to be similar to the positive 

control. Furthermore, addition of 0.5 % (w/v) glucose was found to extend the presence of 

AI-2 like production into early stationary phase. While in P. aeruginosa maximal AI-2 

activity detected in LB medium after 12hr (OD600 ~ 2.13) was 77% (less than positive 

control) while in LBG medium it was 94% after 13hr at OD600 of 2.27. The AI-2 activity 

was maximum in late stationay phase in LBG medium and no activity was monitored after 

stationary phase. Despite the AI-2 activty in these two isolates attempts to amplify the luxS 

gene using Klebsiella specific and degenerate primers were unsuccessful. The AI-2 

production profiles in Klebsiella sp. are in agreement with published results for K. 

pneumoniae (Balestrino et al., 2005) and other bacteria (Surette and Bassler, 1998). In P. 

aeruginosa, absence of luxS gene and hence AI-2 activity has been reported previously 

(Stover et al., 2000). In contrast, in our experimental conditions detection of AI-2 activity by 

P. aeruginosa at late stationary phase indicate that this model organism may contain a luxS-

independent pathway for the production of an activity that can activate the AI-2 like signaling 

pathway in V. harveyi as has already been proposed in case of luxS mutant Streptococcus 

pyogenes (Lyon et al., 2001). Slight AI-2 activity has been monitored in this isolate after 

knocking out luxS gene. On the basis of literature reporting no AI-2 activity, we cannot claim 

in the present study that P. aeruginosa possess AI-2 signaling system, it might be due to the 

fact that P. aeruginosa secretes many compounds toxic to V. harveyi BB170 assay which will 

strongly inhibit the assay by late stationary phase resulting in significant fold induction by 

sample. However, further investigation is needed to prove this finding. Ultimately, diffusible 

molecules with AI-2 activity are also produced by a diverse range of other bacteria, among 

them many pathogens, but their involvement in quorum-sensing-related processes remains a 

matter of debate (Rasmussen and Givskov, 2006). 

QS-blocking treatment
 
might be an alternative approach to attenuate virulence and 

control pathogenic strains without increasing their resistance. So we employed two QSIs 

(patulin, penicllic acid) alone and with EDTA to monitor their effects on planktonic biomass 

javascript:popRef('b3')
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and thus QS system of two isolates (Klebsiella sp. and P. aeruginosa). EDTA alone had no 

significant effect while penicillic acid (PA) was found to have a stimulatory effect to the 

maximum concentration of 25 μM in both isolates singly as well as in combined form with 

EDTA. On the other hand, patulin (PAT) alone and combined with EDTA appeared to retard 

growth at concentrations > 10 μM in both isolates. Our findings are further supported by 

Rasch et al. (2007) who found that 6 µM PAT and 31 µM PA inhibited planktonic growth of 

the bean sprout spoiling bacterial isolate Pectobacterium A2JM in a laboratory substrate. In 

B. subtilis, 64.6 μM of a brominated furanone considerably extended the lag phase and 129 

μM completely inhibited growth in shake flasks but did not completely inhibit biofilm 

formation (Ren et al., 2002). In order to study the antagonistic effect of QSIs and EDTA in 

the two isolates we used the V. harvei BB170 bioassay. AI-2 activity was not affected by 

either of the compounds (QSIs, EDTA), singly as well as combined form in Klebsiella sp. 

however, AI-2 activity was decreased in P. aeruginosa consistently at 10-25 μM PAT 

combined with EDTA. Both PAT and PA have been reported as effective QSI compounds in 

P. aeruginosa (Rasmussen et al. 2005a, b). 

One feature regarding quorum sensing was the link between intraspecies quorum 

sensing and biofilm related gene expression. In this context, biofilm forming ability of six 

isolates was tested using microtitre plate assay. Time course of biofilm formation was 

observed over 175 hr time period. Bacterial strains P. aeruginosa, A. xylosoxidans and 

Achromobacter sp. displayed good biofilm forming potential in the microtitre plate assay 

after 120 hr. A variation in biofilm forming capability was observed in the remaining three 

isolates i.e., Klebsiella sp., B. cereus and B. subtilis. Klebsiella sp. formed a stronger (4-9 

time) biofilm compared to B. cereus and B. subtilis. According to our results, the three time 

periods used to investigate biofilm production led to different levels of biofilm formation by 

tested bacteria and the most effective time point in promoting biofilm production was 120 hr 

by the tested strains. After this time period a levelling of or decline in biofilm forming 

capability of isolates was observed. EPS has been considered to play integral roles in 

formation of mature biofilms (Sutherland, 2001). All species studied here were reported to 

produce EPS, with maximum EPS production in overnight cultures grown at a neutral pH in 

20 % LB
 
at 37°C in the presence or absence of N-Acetyl-L-cysteine (0.25 or 0.5 mg

 
ml

-1
) 

(Olofsson et al., 2003). Additionally Klebsiella pneumoniae were found to produce about 10 

times more EPS than Bacillus sp. (Olofsson et al., 2003). Since crystal violet (CV) interacts 

with many negatively-charged cell components (Burton et al., 2007), hence it can be assumed 
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that the greater biofilm formation capability observed for Klebsiella sp. is due to non-specific 

staining of EPS by CV. We noticed that though we couldn‘t get the luxS/AI-2 in A. 

xylosoxidans  and Achromobacter sp., but even these isolates formed maximum biofilm in 

this study, suggesting that luxS not necessarily affects the biofilm formation in these isolates 

(Wen and Burne, 2002).  

Inhibitors of AI-2 synthesis may interfere with QS system and promote biofilm 

dispersal, a biocide may then be used to efficiently kill the weakened cells on a broad scale in 

all types of isolates including gram positive and gram negative (Rasmussen et al., 2005a). On 

this basis, next and last objective of this study was to monitor the effects of QSIs (PA, PAT) 

and biocide (EDTA) alone and combined form on the biofilm forming capability of the six 

isolates.  

Results showed that PA and EDTA alone had no adverse affect on biofilm formation of 

any isolate among P. aeruginosa, A. xylosoxidans, Achromobacter sp. and klebsiella sp. One 

possible explanation for the lack of effects of QSIs and EDTA might be due to the instability 

of the QSI. Rasch et al. (2007) reported similar results by monitoring the effects of QSI on 

bean sprout model. Combination of EDTA with PA significantly decreases biofilm formation 

in P. aeruginosa while enhanced in Klebsiella sp. A decrease in biofilm formation P. 

aeruginosa can be justified by Hentzer et al. (2002) who showed that P. aeruginosa PAO1 

biofilms treated with the synthetic QSI compound furanone C-30 became susceptible to both 

SDS and tobramycin treatment. PAT alone and combined with EDTA stimulated biofilm 

formation in P. aeruginosa, whereas strong inhibitory effect on biofilm formation of 

Achromobacter sp. and slight inhibitory effect of that of A. xylosoxidans and Klebsiella sp. 

was noticed at 25 µM or less. It may be speculated that greater concentrations of PA and PAT 

eventually show biofilm formation effects but are unlikely to be cost-effective, and were 

hence not investigated further. In a report by Wu et al. (2004), furanone C-30 exhibited 

significant and highly specific QSI effect on P. aeruginosa QS at higher concentrations. 

Moreover, higher concentrations of QSIs have growth-inhibitory effects, also reported by 

Rasch et al. (2007), which in turn could trigger undesirable resistance mechanisms in 

bacteria. No inhibitory effect of EDTA alone on biofilm formation of P. aeruginosa, A. 

xylosoxidans, Achromobacter sp., klebsiella sp. biofilm formation indicates that either tested 

concentration was very low or the isolate was able to overcome any adverse effects by, for 
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example, excreting siderophores into solution to sequester essential trace element as well as 

produce extra or different EPS containing more carbohydrates (Decho, 1990). 

PA had no significant effect on biofilm formation in B. cereus but resulting in decreased 

biofilm formation in B. subtilis. Combined form of PA with EDTA stimulated biofilm 

formation in B. cereus only. PAT alone stimulated biofilm formation in B. cereus, but in B. 

subtilis, biofilm formation was decreased significantly even at the lowest concentration of 

PAT (0.25 μM) alone. In combined form with EDTA biofilm formation was enhanced in both 

isolates (in B. subtilis at > 10 μM). In B. cereus a highly significant increase (p<0.01) in 

biofilm formation was observed at 25 μM concentration. It is apparent from the above 

mentioned findings that these isolates are able to overcome the concentration-dependent 

biocidal effects of EDTA by producing more EPS (Decho, 1990), One assumption which 

comes to mind that PA and PAT may serve as an additional carbon source thus explaining the 

enhanced biofilm growth wherever noticed. However, the calculated total organic carbon 

(TOC) content of both QSI compounds (25 µM  4 mg TOC L
-1

) is very minor and only 

represents a minor fraction of the overall TOC of LBG medium (7.8 g TOC L
-1

) and can 

therefore be ruled out. Instead, it could be speculated that the QSI compounds triggered 

biofilm formation mechanisms in B. cereus and B. subtilis. It is therefore concluded that in 

this study PA and PAT acted indeed as QSI in Achromobacter sp., B. subtilis and B. cereus, 

respectively. The findings also suggest the use of QSI as a novel strategy to control 

biofouling, particularly in settings where multi-species biofilms exist.  

For the interpretation of the PAT/PA and EDTA behaviour, it is also important to 

consider charged groups of the EPS which may interact with charged molecules migrating 

through the matrix. All microbial biofilms are encased in a self-produced, hydrated, 

viscoelastic matrix of EPS that can be composed of DNA, RNA, proteins and chemically 

modified complex carbohydrates, as well as the monomeric units of each of these 

biomolecules (Branda et al., 2006). As a result, the biofilm EPS has a poly-ionic charge that 

is derived from the chemical functional groups that are part of these organic compounds, such 

as the carboxylate (R-COO−), phosphate (R-HPO4 −), sulphydryl (R-SH+), amino (R-NH3+) 

and phenolic (RC6H4OH) groups. Many of these compounds also have hydrogen-bonding 

potential owing to the hydroxyl (R-OH) groups. It has been estimated that the pKa values of 

these different electrostatic binding sites can vary from 3 to 11, and exceed the number of 

binding sites that are present on cell surfaces 20- to 30-fold (Liu and Fang, 2002). Whilst the 
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composition and physicoelectrochemical properties of EPS was not measured in this study, it 

has been established that the EPS matrix can impede the diffusion and equilibration of small 

molecules (Stewart, 2003), as well as metal ions (Teitzel and Parsek, 2003). It is therefore 

conceivable that electrostatic interaction with and slower diffusion of PAT and PA through 

the EPS could result in a lower concentration that reaches the cell surface for subsequent 

passive or active uptake into the cell. However, further experimental proof is required to 

verify this scenario under the given conditions. 

The study reveals that DUWL are highly contaminated and biofilm bacterial isolates 

from dental settings are diverse in nature. Though the evaluations of this study favor the use 

of biocides in combined form than the singly applied products but some isolates can resist 

very high concentration of biocides (100-150 µgml
-1

). These had broad pH and temperature 

ranges as well as exhibit multiples antibiotics/biocides resistant profile. Some plasmids 

residing in these isolates were able to transfer to E. coli strains. Resistance to biocides may be 

linked to modification of cell wall as evident by modified PG, teichoic acid and DAP content 

in this study. QS phenomenon was observed in two isolates (Klebsiella sp. and P. 

aeruginosa) only. Isolates B. cereus and B. subtilis have also been reported to have AI-2 

activity but we couldn‘t observe under our lab conditions. All the strains are good biofilm 

formers and QSIs alone as well as in combination with EDTA had no effect on AI-2 activity. 

However, biofilm forming capability was found to be effected in few isolates 

(Achromobacter sp., B. cereus and B. subtilis) suggesting that effect of QSIs is species 

specific. Our objective to monitor the AI-2 QS system and then use of QSIs alone and with 

EDTA was to develop an approach by which we could interrupt their communication and 

thus inhibit the biofilm forming capability without increasing their resistance. Our results 

supports that future work on these lines may helpful in developing novel combinations of 

QSIs and biocide to control pathogens at non-growth inhibitory concentrations. 
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