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Introduction 

 
We are pleased to present a selection of papers presented at The III International Conference 
on Antimicrobial Research (ICAR2014), which was held in Madrid, Spain, from 1 to 3 
October 2014.  
 
The aims of this conference were to provide a forum for discussion of cutting edge 
antimicrobial research and to create an opportunity for microbiologists, biochemists, 
genetists, clinicians, physicists, engineers… to meet and have the chance to find new research 
colleagues and partners for future research works. This third edition gathered 444 
participants, coming from 58 countries, and nearly 450 works were presented at the 
conference. Some of those research works are discussed in this book covering the topics: 
antimicrobial natural products, biofilms, antimicrobial surfaces, antimicrobial resistance and 
clinical and medical microbiology… 
 

We would like to thank the International Advisory Committee of this conference, a group of 
international experts who guided us in the development of the conference program. And, of 
course, we also thank the authors for submitting their work and sharing their findings. 

 
This book serves as formal proceedings of the meeting. We hope readers will find this set of 
papers inspiring and stimulating in their current research work and look forward to seeing 
another fruitful edition in 2016. 

 
A. Méndez-Vilas 

Editor  
ICAR2014 General Coordinator 

 

 

 



 



 
 

A clinical resistant isolate of opportunistic fungal pathogen, Candida 
albicans revealed more rigid membrane than its isogenic sensitive 
isolate  

Arvind Kumar1,€, V. S. Radhakrishnan1,€, Richa Singh1, Manish Kumar1, Nagendra N. Mishra2 

and Tulika Prasad1,* 
1Advanced Instrumentation Research Facility (AIRF), Jawaharlal Nehru University, New Delhi-110067, India. 
2Staph Membrane Lab, Infectious Diseases, LABiomed, Harbor- UCLA Medical Center, Torrance, USA. 
€Both authors contributed equally to this work. 
*Corresponding author email: prasadtulika@hotmail.com; prasadtulika@mail.jnu.ac.in 

The opportunistic dimorphic fungal pathogen, Candida albicans is among the top five most common causes of 
global nosocomial infections leading to almost 40% mortality and morbidity in immunocompromised patients. 
Increasing incidence of multidrug resistant strains has emerged as a significant threat to the treatment of 
Candidiasis.  
The fundamental physical properties of the cell membrane are strongly linked with their biological functions. 
Membrane provides a permeability barrier to the entry of biomolecules across the cell. It is extremely interesting 
to investigate the key role played by membrane fluidity in regulating the drug resistance observed in the clinical 
microbial strains. This study has been carried out to characterize the changes in the membrane fluidity in different 
phases of growth which includes the lag phase, log phase and stationary phase of cells in an isogenic pair of 
clinical isolate (GU4-sensitive; GU5-resistant) of Candida albicans. Microviscosity of membrane has been 
measured in this study using fluorescence polarization and the probe, 1, 6-Diphenyl 1, 3, 5-hexatriene (DPH). The 
reciprocal of fluidity (Micro-viscosity) is the measure of fractional resistance to rotational and translational 
motion of molecule. With changes in growth phase from lag to log phase, the resistant isolate GU5 was found to 
attain a more rigid membrane than the sensitive isolate GU4 but after log phase it appeared that the equilibrium is 
achieved during stationary phase for membrane fluidity for the two isolates and they attain identical physical state 
of the membrane. Therefore, increased rigid behavior of membrane may be responsible for reduction in passive 
drug diffusion for the resistant isolate in log phase and at the same time, it also appeared that both the isolates 
attained a steady state of equilibrium during the stationary phase adapting to the changes in physical state of the 
membrane. GU5 showed overexpression of the ABC pump membrane protein CDR1p which may be attributed to 
the observed differences in their membrane fluidity. Membrane fluidity is a parameter of the physical state of the 
membrane which largely affects the passive diffusion of the drugs and hence the observed resistance towards 
drugs. The resistance towards drugs also appeared to be influenced by the host environment, prior exposure to 
drugs and overexpression of different drug efflux pump proteins. The Candida cells appeared to adapt to changes 
in the environment through modulation of their membrane properties and lipid composition leading to altered 
membrane fluidity.  

Keywords: Candida albicans; drug resistance; membrane fluidity; isogenic clinical isolates; ABC pump protein 

1. Introduction 

The burden of antifungal resistance has emerged as a major concern of global public health. There has been a 
dramatic increase since 1970s in the number of immunocompromised individuals associated with increased 
usage of immunosuppressive therapies and since 1980s in the prevalence of fungal diseases due to AIDS 
[1].Candida infections have been reported to significantly affect human health and attribute to high mortality 
rates [2]. Candida spp. are polymorphic, opportunistic fungi normally residing in the human microbiome as 
benign, commensal organisms accounting for 75% of the population. However, under immunocompromised 
conditions, their pathogenic potential is triggered to cause infections ranging from superficial to life threatening 
systemic mycoses [3]. Candida spp. especially Candida albicans ranks as the fourth most common cause of 
hospital acquired infection among immunocompromised individuals causing bloodstream infections with 
mortality rate ranging between 38 to 49 % [4, 5]. Antifungal agents, such as azoles and echinocandins have 
played an important role in the treatment of Candida infections [1, 6]. In recent years, efforts have been made to 
overcome emergence of drug resistant fungi by using drug combinations but high cost and serious side effects 
have limited such combinatorial therapy [6].  
 Availability of fewer antifungals puts a constraint to the clinicians’ therapeutics which gets further narrowed 
down by the emergence of drug resistance/ azole resistant strains [7, 8]. Drug tolerance may be an immediate 
manifestation of response of the organism to drugs leading to subsequent development of drug resistance [8].  
Acquisition of multi drug resistance (MDR) may be due to multitude of factors as shown in Fig. 1 which 
includes i) drug target alteration (by point mutation, overexpression and gene amplification), ii) modification 
and degradation of drug, iii) increased drug extrusion (by overexpression of drug efflux pumps) and/or iv) 
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decreased drug import or altered intracellular drug accumulation (by altered physical state of the membrane and 
altered permeability) [7, 8]. Membrane functions may be influenced by factors such as lipid composition, 
membrane order, lipid asymmetry and glycosylation. Clinical drug resistance is thus multifactorial and may be 
attributed to a combination of factors related to the host environment, antifungal compounds and pathogen 
biology. In order to develop an efficient and quick treatment and improved outcome of systemic mycoses, it is 
essential to have a better understanding of the mechanisms and clinical impact of drug resistance [7, 8]. 
 In addition to the common mechanisms of drug resistance frequently studied, it is important to study changes 
in structure and function of cell membrane between sensitive and resistant isolates (with prolonged exposure to 
drugs) for fully elucidating the mechanism of development of drug resistance. This study is an effort to 
characterize the membrane biophysical state and its possible role in clinical drug resistance for a pair of matched 
isolates (isogenic) for Candida albicans, obtained from the same AIDS patient with recurrent episodes of 
orophrayngeal Candidasis (OPC) and which became fluconazole resistant during therapy [9]. Correlation 
between resistance and alterations in membrane biophysical properties of the sensitive and resistant Candida 
isolates has been elucidated in this study by using environment-sensitive fluorescent probe, 1, 6-Diphenyl 1, 3, 
5-hexatriene (DPH). 

 

Fig. 1: Molecular mechanisms of fungal multi drug resistance 

2. Materials and methods 

2.1 Materials, Strains, Media and Growth Conditions 

Analytical grade chemicals and HPLC grade solvents used for this study were obtained from HI-Media 
(Mumbai, India) and Fisher Scientific (Mumbai, India). Lyticase, DPH, tetrahydrofuran (THF) and antifungal 
drugs viz. fluconazole, itraconazole, ketoconazole, terbinafine were procured from Sigma Chemicals Aldrich 
(St. Louis, Mo., USA). Table 1 lists the strains used for this study. Cells grown on YEPD (1% Yeast Extract, 
2% Peptone, and 2% D-glucose) at 30°C were used for all experiments. 
 

Table 1: Description of strains used for this study 

Strain Name Strain Description 
SC5314 Wild type [10] 

GU4 Fluconazole sensitive strain with low levels of CDR1/2 mRNA [9] 
GU5 Fluconazole resistant strain with high levels of CDR1/2 mRNA [9] 

2.2 Minimum Inhibitory Concentration (MIC) determination 

MIC was determined by broth micro-dilution method as described earlier [11, 12] in accordance with the 
recommendations of the Clinical and Laboratory (CLSI), formerly National Committee for the Clinical 
Laboratory Standards (NCCLS).A drug free control was also included. The following concentrations of stock 
solution of drugs along with their respective solvents (given in parentheses) were used: fluconazole 5mg/ml 
(DMSO); ketoconazole 1mg/ml (DMSO); itraconazole 1mg/ml (DMSO) and terbinafine 1mg/ml (Ethanol).  
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2.3 Assessing the physical state of the membrane 

Membrane fluidity of cell membrane was monitored using fluorescent probe, DPH as described earlier [11, 13, 
14] with slight modifications. Spheroplasts were prepared using lyticase enzyme at 30°C for 3-4 hrs. The 
spheroplasts were resuspended in labelling buffer pH 7.4 (0.6M Sorbitol, 10mM MgSO4 and 20mM Tris-Cl) 
and incubated with 2µm DPH for 1hr at 30°C. Fluorescence polarization (p) was calculated as follows on 
Perkin-Elmer LS55 spectrofluorimeter (excitation 360 nm, emission 426 nm, slit size for both excitation and 
emission 10 nm) [15]: 
         IVV – (IVH x G) 
 p = 
         IVV + (IVH x G) 
Where, IVV = Corrected fluorescence intensity obtained with excitation by vertically polarized light and 
emission detected by analyzer oriented vertically to the direction of polarized excitation light, IVH = Corrected 
fluorescence intensity obtained with excitation by vertically polarized light and emission detected by analyzer 
oriented horizontal to the direction of polarized excitation light. Grating Factor G, correction for optical 
components is calculated as IHV/IHH where subscripts HV and HH indicate corrected fluorescence intensity 
values obtained with horizontal-vertical orientation and horizontal-horizontal orientation for the polarizer and 
analyzer in that order respectively. 
 The time resolved fluorescence decay for DPH (excitation 360 nm and emission at 426 nm) was monitored 
for the above labelled cells in Edinburgh FL920 Fluorescence Life Time Spectrometer as described elsewhere 
[16]. 

2.4 Study of ultrastructure of the cells using Transmission Electron Microscopy (TEM) 

TEM was used to study the cellular ultrastructure of the clinical isolates. YEPD grown cells were harvested, 
PBS washed and fixed with 2.5% glutaraldehyde for 2-3 hours at room temperature (RT) and 4-5 hours at 4°C. 
Cells were then washed 3-4 times with PBS and dehydrated with graded acetone, cleared with toluene and then 
infiltrated with toluene and araldite mixture at RT. Samples were put overnight in pure araldite at 50°C and then 
embedded in 1.5 ml eppendorf tube at 60°C. Semi thin and ultrathin sections cut with ultra-microtome (Ultra-
microtome Leica EM UC6) were taken on 3.05 mm diameter and 200 mesh copper grid, stained with uranyl 
acetate and subsequently observed at 120 kV under TEM (Model name JEOL2100F with Accelerating Voltage 
80kV-200kV and Magnification 50 to 1,500,000X). 

3. Results & Discussion 

Isogenic/ matched pair of clinical isolates (GU4-sensitive and GU5-resistant) collected from same AIDS patient, 
which became fluconazole resistant during therapy were used for this study along with wild type SC5314. 
MIC90 (µg/ml) (Table 2) confirmed the MDR phenotype for GU5. Highest MIC was observed for GU5 for 
fluconazole, ketoconazole, itraconazole and terbinafine whereas SC5314 and GU4 showed sensitivity towards 
these drugs. GU4 showed a relatively higher MIC for all drugs than SC5314 which may be largely due to their 
prior exposure to drug and complex host factors in the human patient.  
 
Table 2: MIC90 for different drugs for Wild type (SC5314) and clinical isolates (GU4 and GU5) 

Strain Name MIC 90 in µg/ml 
Fluconzaole Itraconazole Ketoconazole Terbinafine 

SC5314 3.125 0.015 0.062 3.06 
GU4 6.25 0.031 0.125 6.125 
GU5 >200 1 >2 12.25 

 
 Cell envelope serves as a barrier for entry or exit of biomolecules across the cells. Many cellular changes 
with different structure, function and mechanism may accompany the drug resistance phenotype which may be 
intrinsic (inherent) or acquired. As an effort to study the multitude of factors involved in acquiring clinical 
resistance, membrane biophysical properties for the sensitive and resistant isolates were analyzed in this study at 
different phases of growth using fluorescence polarization. Candida cells showed a typical sigmoid growth 
pattern (Fig. 2A) with early lag phase till 6 hours, lag phase till 10 hours, early log phase at 12 hours, log/ 
exponential phase between 14-18 hours and approaching stationary phase 20 hours onwards. 
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Fig. 2: (A) Growth curve of Candida cells. (B-F) Mean fluorescence polarization “p” values (inversely proportional to 
membrane fluidity) ± the standard deviation of the mean of the three sets of experiments, of wild type (SC5314) and clinical 
isolates (GU4 and GU5) at different hours of growth. 
 
 Sterol rich membrane microdomains have been reported to exist in eukaryotes and play a crucial role in 
membrane structure, organization and function. Sterols and specific lipids have been found to be non-randomly 
distributed in such domains of biological membranes [17]. Fluorescence being sensitive to the cellular 
physicochemical environment, DPH was used to study organizational dynamics of the hydrophobic interior of 
the membrane in the sensitive and resistant isolates. Statistically significant differences were observed between 
them at different phases of growth by steady state fluorescence polarization and time resolved fluorescence 
measurements (Fig. 2B-F and Table 3). Packing of sterol and fatty acyl chain is likely to affect the diffusion rate 
of membrane embedded probes, thus affecting fluorescence polarization values. Fluorescence polarization is 
inversely proportional to membrane fluidity and increase in fluorescence polarization values are typically due to 
a reduction in rotational mobility of the fluorophore, which is influenced by dense packing of membrane. GU5 
showed increase in membrane rigidity than its sensitive pair GU4 with increase in hours of growth and 
fluorescence polarization values increased in GU5 by 4.43% (6 hours), 8.44% (10 hours) and 3.77% (14 hours). 
No significant differences were observed between the two isolates at 18 hours and 22 hours of growth and 
fluorescence polarization values in GU5 decreased by only 2.06% (18 hours) and increased by 0.5 % (22 hours). 
Wild type SC5315 in absence of prior exposure to host factors showed different behaviour than the clinical pair 
i.e. higher rigidity at 6 hour of growth and from 10 hour onwards revealed higher fluidity than the other two 
clinical isolates. The observed results may be due to differences in the levels of compaction of cell membrane 
between sensitive and resistant isolates and differences in lateral organization on the plane of membrane 
contributed by ergosterol, sphingolipids and overexpressed drug efflux pump proteins. 
 Fluorescence lifetime is a reliable indicator of polarity changes in local environment of the DPH. Life time of 
DPH has been found to be reduced in presence of water in its immediate environment [17]. The mean 
fluorescent lifetimes (Table 3) were calculated from the fitting of tri-exponential fluorescent decay curves [16]. 
The data revealed that DPH lifetime for the resistant isolate is always lower than the sensitive isolate and the 
decay for DPH becomes faster with increase in time of growth from 6 to 22 hours. The sensitive isolate shows 
gradual lowering of decay time of DPH from 6 hours to 18 hour of growth and increases again at 22 hours of 
growth in sensitive isolate. Increase in water penetration might have increased the polarity of the environment 
resulting in shortening of DPH lifetime. Previous reports mention that ergosterol beyond a certain concentration 
do not influence dynamics and membrane order [17]. Water penetration may be more due to lesser rigidifying 
effect of ergosterol as revealed by fluorescence polarization. These decay patterns provided the observed 
changes in the cellular microenvironment of the respective membrane during different phases of growth. 
 
Table 3: Lifetime decay for DPH in nanoseconds (ns) at different hours of growth for the clinical isolates (GU4 and GU5) 

Strains Name 6th  Hour (ns) 10th Hour (ns) 14th hour (ns) 18th Hour (ns) 22nd Hour (ns) 

GU4 2.8 1.9 0.94 0.75 1.12 

GU5 2.24 1 0.68 0.57 0.73 
 
 It is evident that with changes in growth phase from lag to log phase, the resistant isolate GU5 attained a 
more rigid membrane than the sensitive isolate GU4 but after log phase it appeared that equilibrium was 
achieved for membrane fluidity. This data indicated that membranes of the clinically resistant isolate (GU5) 
exhibited rigidity favouring the development of drug resistance. Rigid behaviour of membrane is likely to show 
reduction in passive drug diffusion. At the same time, all isolates appeared to attain a steady state of equilibrium 

Multidisciplinary Approaches for Studying and Combating Microbial Pathogens

4



 
 
during the stationary phase adapting to the changes in physical state of the membrane. It may be noted that GU5 
showed overexpression of the ABC pump membrane proteins CDR1/2p [9].  
 There are reports suggesting involvement of ultrastructural changes in the cell envelope in development of 
drug resistance which includes increase in cell wall thickness [18]. Although the changes observed in membrane 
order were dependent on the cellular microenvironment, thickening of cell wall was consistently observed with 
increase in clinical resistance. The cell wall thickness was in the order: wild type SC5314 (74.6 nm) < sensitive 
GU4 (90.3 nm) < resistant GU5 (117nm). Thickness of cell wall of each isolate was measured from outer cell 
membrane border to the outer cell wall border. 
 There are various factors determining the membrane structure and influencing binding, transport of different 
ionic/ molecular species which include membrane phase state, hydration, electrostatics, dynamics of the 
constituent molecules etc [19]. Order of the lipids is a parameter that defines different phases of membrane 
state: i.e. gel (Lb), Liquid order (Lo) and fluidity (La) [19]. The liquid order (Lo) which is responsible for the 
membrane microdomains presents a higher level of lipid order and microviscosity compared to fluid phase [19]. 
The resistance towards drugs is also influenced by the host environment, prior exposure to drugs and over 
expression of different drug efflux pump proteins. 
 Membrane properties in this study have been defined at different phases of growth and the physical state of 
the membrane are reflected in the spectroscopic response of the fluorescence probes used. The clinical sensitive 
isolate showed difference in membrane order as compared to the laboratory isolate due to their prior exposure to  
 

Fig. 3: TEM images of cell envelope of isolates. 
 
variety of host factors and to drugs. The resistant isolate due to over expression of different membrane efflux 
pump proteins also exhibited different physical state of the membrane. Hence it appears that there are sweet 
spots in membrane which gradually helps the membrane to acquire a steady state of equilibrium towards the 
stationary phase of growth. Cell wall thickness observed may be associated to altered cell wall synthesis or may 
be a non-specific secondary adaptation response linked to change in cell membrane fluidity and/ or function. 
 This study revealed that membrane fluidity is a parameter of the physical state of the membrane which 
largely contributes to the passive drug diffusion and observed resistance towards drugs. It of course, merits 
further investigation to determine if observed differences in cell wall and cell membrane fluidity are strain 
specific or generalized observations. 
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Bacterial cell division is an essential process, interesting for two main reasons: a basic biological knowledge and 
the possibility to exploit the cell division proteins as primary targets for novel broad-spectrum antibacterial drugs. 
The “Two phages” two hybrid assay (THA) already used to depict the E. coli and S. pneumoniae cell division 
interactome, could constitute a useful tool to select small molecules interfering with the interactions among the 
division proteins. These molecules, binding to residues involved in protein interactions, on the proteins contact 
surfaces, could provide both a complementary and more flexible approach for studies on molecular mechanism of 
cell division and, as important applicative consequence, they potentially constitute a novel class of antimicrobial 
agents with a very low risk of resistance. At this regard, we set the assay, described in this paper, for the screening 
of small molecules (or peptides/peptidomimetics) to identify protein-protein interaction inhibitors. This assay, 
based on the two phages THA, was validated using 3’-(2-phenyl-1H-indol-3-yl)-[1,1’-biphenyl]-3-carboxylic 
acid, that is known for interfering with the interaction between the E. coli division proteins FtsZ and ZipA.  

Keywords β-galactosidase activity; Protein-protein interaction; Inhibitors; Lambdoid phage repressors; Small 
molecules; Two hybrid assay 

1. Introduction 

Proteins are the main effectors of cellular processes. In fact, most of the cell functions are the result of complex 
machineries where proteins are organized in dense interaction networks, either stably assembled in multi-protein 
cellular ‘machines’ or transiently interacting with one another in a signal transduction cascade.  
 Among the numerous in vivo and in vitro approaches described to study the protein interactions, the bacterial 
“Two phages” two hybrid assay (THA) [1] was successfully used to study the E. coli and S. pneumoniae 
division interactome [2], clarifying some of the molecular aspects of prokaryotic divisome formation. The study 
of bacterial division interaction network shows an important applicative fallout since protein–protein 
interactions (PPIs) have emerged as promising drug targets. Inhibitors of these interactions could account for the 
purpose of the modern pharmaceutical research focused on the identification of novel antibacterial agents able to 
play down the rising of bacterial resistance that, still represents the main problem of antibiotic therapy.   
 Small molecules that bind to specific residues on the protein contact surfaces [3] could constitute a novel 
class of antimicrobial agents with a very low risk of resistance. As a matter of fact, impairing the interaction 
between two proteins A and B forming a heterodimer A-B, essential for the bacterial survival, will be lethal. 
Bacterial mutants, antiA-B resistant, need a mutation at the interface between antiA-B and A or B protein. These 
mutants will be also lethal, since the protein, mutated in the interaction site, will be not able to interact with its 
wild type partner. Only the double mutants, simultaneously mutated in both the two partner proteins, will be 
selected. This kind of mutants is much less frequent compared to the mutants in the A or B domains, recognized 
by the old style antibiotics, resulting in a very low rate of bacterial resistance. 
 At this regard, a screening assay based on the “Two phages” THA, characterized by feasibility, 
reproducibility and low cost, could constitute a useful tool to identify small molecules that, interfering with the 
protein interactions, could therapeutically modulate the bacterial cell division. 

2. Materials and Methods 

2.1 Media and chemicals 

LB broth for bacterial culture and plating and SM (salt solution) for bacteria dilutions were as described by 
Miller [8]. The antibiotics, ampicillin (50 µg ml-1), tetracycline (40 µg ml–1) and kanamycin (30 µg ml–1), DMSO 
and Polymyxin B nonapeptide (PMBN) were purchased by Sigma. 

Multidisciplinary Approaches for Studying and Combating Microbial Pathogens

7



 
 

2.2 Bacterial strains and plasmids 

Bacterial strains, E. coli K-12 derivatives, and plasmids used in this work are listed in Table 1.  

2.3 General microbiological and recombinant DNA techniques 

Standard microbiological techniques were as described by Miller [4]. Standard procedures were used for small-
scale plasmid preparations, agarose gel electrophoresis and bacterial transformation [5]. PCR was carried out 
using the Taq DNA polymerase kit (Promega), according to the recommendations of the manufacturer.  

2.4 Assay conditions 

The assay derives from the “Two phages” THA, already described [2].  The E. coli 7118SB bacterial strain was 
transformed with the two plasmids pcIP22 and pcI434 containing the genes coding for the two interacting proteins, 
against which small molecules as inhibitors were looking for, were under the control of pLAC and pARA 
respectively (Figure 1). Clones were selected on LB plates supplemented with the opportune antibiotics and 1% 
glucose to inhibit the expression from pLAC. Clones were grown in LB in 2 ml wells plate at 37°C to OD600 0.3 
(usually it takes about 90 minutes). The culture was then diluted to an OD600 of about 0.1 and distributed in 
aliquots of 200 μl of LB supplemented with 2.5 μg/ml PMBN and IPTG 1x10-4 M, to induce the expression of 
one of the two proteins under investigation, in 96 wells plate. At this time (T0 of the experiment) the inhibitor in 
DMSO was added to each aliquot. After incubation at 37°C for 30 minutes, L-arabinose 0.2%, to induce the 
expression of the partner protein, was added and the plate was incubated at 37°C to T=180 minutes. The OD600 

was determined on aliquots of 100 μl, withdrawn from each well, and the β-galactosidase activity was tested on 
50 μl of the remaining culture, as described by Miller [3], lysing the cells with SDS and chloroform. The Miller 
units of β-galactosidase produced from each culture were normalized with that produced by the 7118SB strain 
without or harbouring only one plasmid. In the “Two phages” THA, the interaction, and its strength, was 
calculated from the amount of β-galactosidase produced by the 7118SB strain, harbouring the two plasmids, 
normalized on that produced by the same strain harbouring only one of the two plasmids. A residual activity less 
than 50% is indicative of protein interactions [6].  
 If the interaction between the two proteins, under investigation, was inhibited by an interfering small 
molecule, the residual β-galactosidase activity will increase from less than 50% up to the 100% value of the 
reporter strain. 
 In all the experiments described in this paper, the reported β−galactosidase values were the means of at least 
four independent determinations where the standard deviation did not exceed ± 4%. 

3. Results and discussions 

3.1 Setting the assay 

Various parameters have been taken into account in order to set a protocol for screening small molecules 
impairing PPIs with the “Two phages” THA.  
 a) Bacterial growth in the assay conditions 
 The assay was set to be performed in 96 well plates. The bacterial growth of strain 7118SB and of its 
derivatives harbouring the two plasmids pcI434 and pcIP22, was examined in a final volume of 200 μl of LB 
medium, without shaking. In the assay condition, 7118SB strain grew with a generation time of 45 minutes that 
became 50 and 60 minutes for its derivatives, depending on the proteins cloned in the two plasmids, when their 
expression was induced with 1x10-4 M IPTG and 0.2% L-arabinose. Growth saturation was reached early, at 
OD600 ~ 0.4 for strain without or harbouring only one plasmid. When both the two proteins forming the chimeric 
repressor were expressed in the bacterial strain, the growth was blocked at OD600 0.15-0.3, again depending 
from the expressed proteins. To perform the assay in exponential growth conditions, a pre-culture of the 7118SB 
strain containing either only one or both plasmids was grown at 37°C in LB to OD600 0.3, then diluted 3 times in 
LB supplemented with the inducers and let grow for 3 hours. During this period the growth as well as the β-
galactosidase synthesis remained exponential (data not shown). 
 b) Evaluation of both cell wall permeation and concentration of the DMSO on the bacterial growth. 
 The ability to permeate the E. coli bacterial cell, to allow the entry of the small molecules, was tested by 
evaluating the minimal inhibitory concentration (MIC) of novobiocin in the presence or absence of various 
amount of Polymyxin B nonapeptide (PMBN), a cationic cyclic peptide derived from the antibacterial peptide 
Polymyxin B, that specifically increases the permeability of the outer membrane of Gram-negative bacteria 
toward hydrophobic antibiotics, testing at the same time its effect on cell viability. As expected [7], the MIC of 
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novobiocin, which was 50 µg/ml in the absence of PMBN, became 6.2 µg/ml in the presence of 2.5 µg/ml of 
PMBN and this value remained constant increasing the PMBN concentration up to 5 µg/ml and 10 µg/ml. The 
bacteria growth rate was only slightly reduced with a PMBN concentration of 2.5 µg/ml (<10% increase of the 
generation time after 3 hours of incubation) whereas with 5 µg/ml the increase of generation time was more than 
30%.  
 Since compounds to be tested should be re-suspended in DMSO, its effects on bacterial growth were also 
evaluated adding various concentrations to an exponentially growing culture, in the assay conditions. After        
3 hours of incubation, the bacterial growth, unaffected in the presence of DMSO ranging from 0 to 2%, 
decreases of 60% with 5% and of 90% with 10% DMSO.  
 In conclusion, the assay conditions foresaw the presence of at least 2.5 µg/ml of PMBN to allow the entry of 
the compounds that should be re-suspended in DMSO in such a way that its final concentration in the bacterial 
culture should not exceed 2%. 

3.2 Effect of 3’-(2-phenyl-1H-indol-3-yl)-[1,1’-biphenyl]-3-carboxylic acid on FtsZ-ZipA 
interaction 

Sutherland et al., [8] described some compounds that can interfere with the interaction between the E. coli FtsZ 
and ZipA proteins, identifying the domain constituted by the last 15 residues of FtsZ as the target of their action. 
In order to validate our assay for selecting PPIs inhibitors, we studied, in our conditions, the inhibitory action on 
FtsZ-ZipA interaction of one of these compounds, the 3’-(2-phenyl-1H-indol-3-yl)-[1,1’-biphenyl]-3-carboxylic 
acid (C27H19NO2), purposely synthetized by “Coliseum Combinatorial Chemistry Centre for Technology 
(C4T)” (Rome, Italy). 
 To study the effects of C27H19NO2 on the bacterial growth, we measured its MIC in strain 7118SB. 
According with Sutherland et al., [8], it was about 300 µM, whereas in the assay conditions, i.e. in the presence 
of of 2.5 µg/ml PMBN, the MIC was reduced to 20 µM. 
 a) Study of FtsZ-ZipA interaction in the assay condition 
 As a first step, we checked whether the assay conditions were suitable to reveal the FtsZ-ZipA interaction. 
Two sets of plasmid pairs, formed by pcI434ftsZ and pcIP22zipA and pcI434ftsZ15Cter (coding for the FtsZ derivative 
domain of 15 residues) and pcIP22zipA, respectively, were used. In the control strains 7118SB without plasmids, 
the β-galactosidase produced was on the order of 2000 Miller Units and, as expected, this value did not change 
in its derivative strain harbouring only the pcI434ftsZ plasmid. The β-galactosidase values obtained in the assay, 
using the strain harbouring both plasmids, were normalized on this value, which constituted the 100% of 
residual activity (Figure 2). Results indicated that the interaction ability increases as a function of time from 
41% of residual activity after 3 hours of induction to 27% after 5 hours, depending on the amount of proteins 
expressed in the cell upon induction. As shown in Figure 2, both the whole FtsZ protein and its domain 
FtsZ15Cter behave in the same way as far as the interaction with ZipA is concerned.  
 b) Inhibition of FtsZ-ZipA interaction with C27H19NO2 
 Various parameters were taken into account to study the FtsZ-ZipA interaction inhibition with C27H19NO2 
by means the “Two phages” THA: (i) the interaction target analysing the inhibitory with both the whole FtsZ 
protein and its derivative of 15 residues, (ii) kinetics of inhibition, studied at 0, 180 and 300 minutes after the 
C27H19NO2 addition, with two concentration of the compound, 100 and 300 µM (iii) effect of inhibitor 
concentration. The kinetics of inhibition was and assays were performed with 0, 10, 25, 50, 75, 100 and 300 µM 
of C27H19NO2, to determine its minimal and the optimal concentrations to inhibit the interaction. Lastly, (iv) 
specificity of the inhibitory effect was examined. 
  (i) As expected, from the data of Sutherland et al., [8], no differences in interaction inhibition were observed 
performing the assay with both FtsZ and FtsZ15Cter (Figure 3b). (ii) Interaction inhibition due to C27H19NO2 is 
maximal at T=180 minutes with 100 µM of the compound (Figure 3a). The reduction of the inhibitory effect 
over this concentration could be due to a precipitation of the compound that is poorly soluble at 300 µM. In 
every case, it should be taken into account that the inhibitory effect was the result of counterbalance between the 
C27H19NO2 action and the amount of its target protein interacting with its partner in the cell.  
 (iii) In Figure 3c, the results of the inhibitory effect as a function of the compound concentration were 
reported. The maximal activity of C27H19NO2 was observed between 25 and 50 µM where the residual activity 
of β-galactosidase was of the same order of the control. These concentrations are slightly superior to the 
minimal inhibitory concentration (MIC), which was 20 µM, in the same experimental conditions. 
 (iv) Lastly, we analyzed the specificity of C27H19NO2 action studying its effects on three pairs of couples of 
interacting proteins. Two of them belonged to the E. coli division interactome and the third one was formed by 
the C-terminal part of the 434 phage repressor fused in frame with the N-terminal portions of phages 434 and 
P22 repressors, respectively, to originate a functional chimeric 434 repressor. The two divisome couples were 
FtsZ-FtsA, whose interaction is localized at C-terminal of FtsZ protein, involving the same site of FtsZ-ZipA 

Multidisciplinary Approaches for Studying and Combating Microbial Pathogens

9



 
 
interaction. Indeed FtsA and ZipA compete for the same site on FtsZ [9]. The second couple was formed by 
FtsQ and FtsI. This couple of proteins was chosen since none of them interacts with FtsZ [1]. The results of the 
experiments, reported in Figure 4, showed that the interaction between FtsA and FtsZ was inhibited at the same 
extent as FtsZ-ZipA. This result could somehow be expected since the same domain of FtsZ is involved in both 
FtsA and ZipA interactions. 
 On the other hand, when the 7118SB strain harboured the plasmid pairs coding for either FtsI and FtsQ or for 
the two subunits of 434 phage repressor, the residual β-galactosidase activity remained almost constant and 
comparable to that obtained in the absence of inhibitor, despite the presence of increasing amounts of 
C27H19NO2, highlighting its specific action only on the FtsZ C-terminal domain.  
 In conclusion, this assay can be used to test ligands with a wide range of size (from 15 to about 400 residues, 
in the reported case) and proved to be selective and reproducible. Due to its feasibility and operating speed it 
can be easily adapted for high-throughput drug discovery efforts in the screening of small molecules inhibitors 
of protein-protein interactions. 
 
 
Table 1 Bacterial strains and plasmids used in this work 

Bacterial strain Relevant genotype Source 

71/18 SupE thy Δ(lac-proAB9 F’ [proAB+ lacIq 
lacZDM15] 

[10] 

7118SB 

71/18 glpT::O-P434/P22 lacZ 

[11] 

Plasmids   

pARAcI434 PLACcI434 derivative harbouring the araC pARA region This work 
pARAcI434ftsZ PLACcI434  derivative harbouring the E. coli ftsZ gene This work 
pARAcI434ftsZ15Cter PLACcI434 derivative harbouring the 15 residues at C-

ter of E. coli ftsZ gene 
This work 

pARAcI434ftsI PLACcI434  derivative harbouring the E. coli ftsI gene This work 
pARAcI434cI434Cter PLACcI434  derivative harbouring the C-ter of 434 

repressor  
This work 

pLACcIP22zipA pcIP22 derivative harbouring the E. coli zipA gene Our Lab 
pLACcIP22ftsA pcIP22 derivative harbouring the E. coli ftsA gene Our Lab 
pLACcIP22ftsQ pcIP22 derivative harbouring the E. coli ftsQ gene Our Lab 
pLACcIP22cI434Cter pcIP22 derivative harbouring the C-ter of 434 

repressor 
Our Lab 

 
 
 

 

Fig. 1 Maps of plasmids pARAcI434ftsZ and pLACcIP22zipA. Schematic representation of plasmids pARAcI434ftsZ and 
pLACcIP22zipA. 
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Fig. 2 Protein interaction in the assay conditions. Residual β-galactosidase activity measured as function of time in E. coli 
7118SB strain, supplemented or not with 1% DMSO, and its derivatives containing either the pARAcI434ftsZ and 
pLACcIP22zipA plasmids or  pARAcI434ftsZ 15Cter and pLACcIP22zipA. 
 
a)                                                                              b) 

  
 
 
c) 

 
 
 
 

Fig. 3 Effect of C27H19NO2 on FtsZ (or FtsZ15Cter) ZipA interaction. a) Residual β-galactosidase activity produced by 
7118SB strain harbouring pARAcI434ftsZ and pLACcIP22zipA plasmids or pARAcI434ftsZ15Cter and b) pLACcIP22zipA as a function 
of time of incubation with various concentrations of C27H19NO2. c) Residual β-galactosidase activity produced by 7118SB 
strain harbouring pARAcI434ftsZ and pLACcIP22zipA plasmids after 3 hours of incubation with various concentrations of 
C27H19NO2. This figure is also representative of the behaviour of 7118SB strain harbouring pARAcI434ftsZ15Cter and 
pLACcIP22zipA. 
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Fig. 4 Specificity of interaction inhibition with C27H19NO2. Residual β-galactosidase activity produced by 7118SB strain 
harbouring various pairs of plasmids coding for interacting proteins (namely: pARAcI434ftsZ pLACcIP22ftsA, pARAcI434ftsI 
pLACcIP22ftsQ and pARAcI434cI434Cter pLACcIP22cI434Cter) after 3 hours of incubation with various concentrations of 
C27H19NO2.  
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A non-steady-state mathematical model system for the kinetics of adsorption and biodegradation by Funalia trogii 
(F. trogii) cells on activated carbon was derived. The batch kinetic tests were conducted to determine biokinetic 
and adsorption parameters. The yield coefficient of F. trogii cells obtained from a batch kinetic test was equal to 
0.204 mg cell/mg RO16. The maximum specific growth rate (μm) of F. trogii cells was 0.63 day-1. The maximum 
specific utilization rate (k) of RO16 was 3.1 mg RO16/mg cell-day. The half-saturation constant of RO16 was 
107.3 mg RO16/L. The decay coefficient of F. trogii cells was 0.024 day-1. Frundlich isotherm tests were 
conducted to evaluate the adsorption capacity of activated carbon for RO16. The values for Freundlich isotherm 
coefficients Kq and n were 0.271 (g/g)(L/mg)1/n and 1.755, respectively. A continuous-flow biofilm reactor using 
activated carbon as a supporting medium was conducted to evaluate the removal efficiency of RO16. The effluent 
concentration of RO16 was 0.1-0.2 mg RO16/L. The removal efficiency for RO 16 was approximately 98-99%. 

Keywords Adsorption; Biodegradation; Biofilm 

1. Introduction 

The textile wastewater has a specific characteristic of high temperature, high-alkaline and strong color organic 
compounds. The color of textile wastewater is various and changeable according to the manufacturing process 
[1,2]. The treatment of dye wastewater involves chemical and physical methods such as adsorption, coagulation, 
oxidation, filtration, and ionization radiation. All these methods have different decolorization capabilities, 
capital cost and operating speed. Among these methods, coagulation and adsorption are the commonly used; 
however, these created huge amounts of sludge which become a pollutant creating its own disposal problems. 
Hence, biological processes have received increasing interest as a viable alternative owing to their cost 
effectiveness, ability to produce less sludge and environmental friendliness [3]. Attempts to develop aerobic 
bacterial strains for dye decolorization often caused very specific organisms which showed decolorization 
capability for individual dyes. Additionally, an innovative biological activated carbon (BAC) was developed to 
allow microorganisms to attach in this study.   

2. Model development 

The conceptual basis of reactive orange 16 (RO16) from bulk liquid transported into liquid film then diffused 
into biofilm and activated carbon by intraparticle diffusion is shown in Fig. 1. To model the kinetics of RO16 of 
adsorption and biodegradation in a completely-mixed reactor, the following assumptions are made [4]: (1) 
Activated carbon is a homogeneous spherical particle; (2) there is no biological reaction occurred within the 
activated carbon; (3) A stagnant layer covers the biofilms; (4) no biodegradation occurs inside the activated 
carbon; (5) local equilibrium occurs at the biofilm- activated carbon interface and (6) the biofilm is 
homogeneous. 

 
 
 
 
 

 
 
 
 
 
 

 

Fig. 1 Concentration profiles for biological activated carbon (BAC) 
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 Two models for intraparticle diffusion are commonly employed: pore diffusion and homogeneous solid 
diffusion. A homogeneous solid diffusion model, or simply a solid diffusion model, is used in this study. The 
equation is a typical diffusion equation in spherical coordinates [5]: 
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where q is the surface concentration of adsorbed RO16 (Ms/Mb); Db is the surface diffusivity of RO16 (L2/T);   
rb is the radial coordinate in activated carbon (L); and t is time (T).  
 The RO16 utilization rate by F. trogii in the biofilm reactor can be described by the following equation [6]: 
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where Sf is the RO16 concentration in the biofilm (Ms/L
3); μm is the maximum specific growth rate (1/T); Y is 

the yield coefficient of F. trogii (Mx/Ms); Ks is the half-velocity coefficient of RO16 (Ms/L
3); and Xf is the 

biofilm density of F. trogii (Mx/L
3). The RO16 and F. trogii concentrations in the bulk liquid in completely-

mixed biofilm reactor can be described as following equations, respectively [6]: 
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where Sb is RO16 concentration in the bulk liquid  (Ms/L
3); kd is the decay coefficient (1/T); Q is flow rate 

(L3/T); V is the effective reactor volume (L3) and ε is the reactor porosity (dimensionless). 

3. Materials and methods 

The fungal strain F. trogii ATCC 200800 is known to be able to degrade various dyes [7]. The fungal strain was 
grown on potato dextrose agar (PDA) plates at 28°C for 7 days and was stored at 4°C. The experiments were 
performed not only by cultivation on a solid phase but also by cultivation in liquid. The fungal strain was pre-
cultured and it was prepared for the small pieces (the disk size of 1 cm2 mycelium) on PDA [8,9]. A laboratory-
scale completely-mixed biofilm reactor was setup and conducted using RO16 as a model substrate. The 
bioreactor system consisted of feed tank, pH and DO controllers, a main body of biological activated carbon 
(BAC) and sampling port. The pure culture of F. trogii ATCC 200800 was mixed with the activated carbon 
before being put into the completely-mixed biofilm reactor. RO16 was measured using UV-vis 
spectrophotometer (Shimadzu, model UV-1700) at 568 nm [1]. The uninoculated dye free medium was used as 
blank. All assays were performed in duplicate. 

3.1 Supporting media 

The specifications of granular activated carbon for G-340 were described as follows: particle size: 8 x 30 mesh; 
mean particle diameter: 0.9-1.1 mm; hardness: > 93%; bulk density: 0.46-0.50 g/cm3; total surface area:>       
950 m2/g. Therefore, the total surface area was about 1.92×105 cm2. 

3.2 BAC-reactor configuration 

The main body of the BAC-reactor with 9 cm in diameter and 132 cm in the bed length is shown in Fig. 2. The 
BAC-reactor with a high recycle flow rate (Qr/Q = 20) to maintain a completely nixed column reactor was 
conducted to evaluate the kinetics of RO16 decolorization by F. trogii. The feeding stream containing nutrient 
medium and reactive-dye substrate (10 mg RO16/L) was continuously pumped upward from the lateral side into 
the column throughout the distributed plate. The organic loading rate of RO16 was 0.08 kg/m3-d. Samples were 
collected from the effluent at the designated time intervals to measure the residual dye concentration and 
suspended cells concentration. On the bottom of reactor, a sedimentation zone was designed to accumulate 
decay and shear-off biomasses throughout the entire experiment. The effective volume of reactor is 8.4 L, which 
yields a hydraulic retention time (HRT) of 3 h. The reactor temperature was controlled at 28℃ using an 
automatic moisture-proof heater. The pH was maintained at 7.3-8.4 and DO was maintained at 7.8-8.2 in the 
influent throughout the experimental test. 
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Fig. 2 A laboratory-scale biofilm reactor system. 

3.3 Analytical methods 

Reactive orange 16 was measured using UV-vis spectrophotometer (Shimadzu, model UV-1700) at 568 nm [1]. 
The uninoculated dye free medium was used as blank. All assays were performed in duplicate and compared 
with uninoculated controls. Viable cells were counted by using serial dilution technique and confirmed by 
plating on nutrient agar and incubated at 28°C for about 24 h to determine F. trogii cells concentration. 

4. Results and discussion 

4.1 Biokinetic and reactor parameters 

The input parameters to the model for RO16 decolorization by F. trogii in BAC-process were listed in Table 1. 
The parameters are categorized as follows: (1) measured by kinetic tests; (2) calculated from empirical formula 
listed in literature; (3) assigned as needed to fit the experimental data. 
 
Table 1 Input parameters to kinetic BAC-model system 

Parameter Symbol Value Unit 
Measured    
RO16 concentration in the feed Sb0 10 mg RO16/L 
Freundlich isotherm coefficient n 1.755 dimensionless 
Freundlich isotherm coefficient Kp 0.271 (g/g)(L/mg)1/n 
Maximum specific utilization rate of RO16 k 3.1 mg RO16/mg cell-day 
Half-velocity coefficient of RO16 Ks 107.3 mg/L 
Yield coefficient of F. trogii cells Y 0.202 mg cell/mg RO16 
Decay coefficient of F. trogii cells b 0.024 day-1 
Concentration of suspended F. trogii cells in the 
feed 

Xb0 4.8×10-3 mg/cm3 

Surface diffusivity of RO16 Ds 6×10-4 cm2/day 
Influent flow rate Q 6.7×104 cm3/day 
Effective reactor volume V 8.4×103 cm3 
Total surface area of activated carbon A 1.92×105 cm2 
Reactor porosity ε 0.54 dimensionless 
Radius of activated carbon particle R 0.05 cm 
Apparent activated carbon density ρp 0.48 g/cm3 
Weight of activated carbon Xw 1.54x103 g 
Calculated    
Liquid film transfer coefficient kf 346.8 cm/day 
Diffusion coefficient in the biofilm Df 0.192 cm2/day 
Shear-loss coefficient of biofilm bs 0.253 day-1 
Density of F. trogii biofilm Xf 10.64 mg cell/cm3 
Assigned    
Initial F. trogii biofilm thickness Lf0 5.5x10-4 cm 
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4.2 Reactive orange 16 decolorization 

The model-predicted and experimental results for decolorization of RO16 are shown in Fig. 3(a). The RO16 
concentrations are all normalized with respect to the influent substrate concentration. The model simulated the 
experimental results fairly well throughout the entire course of the test. The substrate concentration first 
increased steadily to about 0.6 mg/L (0.06 Sb0) at 0.2 days. At this period of time, there was no significant 
biological growth inside the reactor and no detectable biodegradation of the RO16 by F. trogii in the reactor. 
The reactor was behaving similar to an activated-carbon-adsorber, and the substrate-concentration curve was the 
same as a typical breakthrough curve of an activated carbon adsorber. At this stage, activated carbon was 
adsorbing substrate without significant resistance to the diffusion of the RO16 posed by the F. trogii biofilm. 
The second part of the RO16 curve ran from 0.2 days to 2 days, when the RO16 curve started to deviate from 
the breakthrough curve of a carbon adsorber. The effluent concentration of RO16 decreased rapidly. Apparently, 
attached and suspended F. trogii cells were actively utilizing the RO16 during this period. Meanwhile, attached 
and suspended F. trogii cells were actively growing at this time. The model was able to predict reactor 
performance fairly well during this transient period. The third part of the substrate curve ran from 2 days to       
4 days. At this period, the experimental data were lower than modeling results for the effluent of substrate. The 
reason was that the microorganisms grew enough to form biofilm. Thus, the effect of shear loss became 
insignificant although biofilm became thicker. The lower shear loss results in lower suspended biomass. The 
suspended cells decomposed and released soluble microbial products (SMP) was insignificant in the effluent 
concentration of RO16 at this period of time. The fourth part of the substrate curve ran from 4 days to 7.9 days. 
At this period, the BAC-process reached a steady-state condition and the effluent of substrate was about          
0.2 mg/L (0.02 Sb0). The removal efficiency for substrate was about 98% at this period. As can be seen, the 
model prediction is in fair agreement with the experimental result. Although the soluble microbial products 
(SMP) would be released by biofilm at this stage, the SMP produced by the biodegradation of RO16 would be 
adsorbed by activated carbon, which made SMP not a significant interference to the effluent. 

4.3 Growth of suspended cells 

Fig. 3(b) shows the generating suspended biomass varied with time. The growth concentration curve went 
through log-growth phase then reached a steady-state condition. The elapsed time required for suspended F. 
trogii cells to reach a steady-state condition is almost the same with that for substrate biodegradation. This 
indicated that the suspended F. trogii cells reached a maximum growth rate while substrate had a maximum 
utilization rate at a steady-state condition. The maximum growth at steady-state condition was maintained at 
18.6 mg cell/L. 

4.4 Flux into biofilm and activated carbon 

There are two fluxes of RO16 in the BAC-process; the flux from the liquid phase into the F. trogii biofilm (Jb) 
and the flux from the F. trogii biofilm into the activated carbon (Jp). Jb and Jp varied with time in the BAC-
reactor are plotted in Fig. 3(c). The figure shows that Jb and Jp were equal at the beginning of the test because 
the utilization of F. trogii biofilm was negligible at this time. Most of the RO16 was decolorized by activated 
carbon adsorption. The two curves started to deviate with one another around 0.2 days, when the F. trogii 
biofilm started to grow actively. The Jb value for BAC-model started out at a value of 0.08 mg/cm2-day that was 
controlled by adsorption when the utilization of F. trogii biofilm was zero initially.  
 Jp in the BAC reactor decreased first due to the fast utilization of the RO16 by the F. trogii biofilm, which 
was beginning to develop. As the F. trogii biofilm accumulated, Jp decreased to zero and then went negative, 
which signaled bioregeneration. The flux Jp changed from a positive value to a negative value at 0.8 days. This 
required a reversal of the adsorbate density gradient inside the activated carbon. The resulting negative 
adsorbate density gradient caused the substrate to diffuse out the activated carbon because of the growth of 
biofilm. As the biofilm grew thicker, the biofilm consumed RO16; thus, the concentration of RO16 at the 
biofilm/activated carbon interface became lower. As bulk and biofilm concentration declined, they became 
lower than the concentration at equilibrium with the previously adsorbed substrate. At this point, RO16 simply 
diffused out of the activated carbon and activated carbon was bioregenerated by the F. trogii biofilm. As the 
steady-state approached, Jp went to 0 asymptotically from a negative value, while Jb approached a constant 
value. The curves showed that F. trogii biofilm utilization became the dominant mechanism responsible for the 
RO16 removal at steady-state in the BAC-reactor. 

 

 

Multidisciplinary Approaches for Studying and Combating Microbial Pathogens

16



 
 
 

 

 

 

 

 
 
Fig. 3 Experimental data and model simulation (a) RO16 effluent concentration (b) suspended F. trogii cells concentration in 
effluent and (c) Flux into biofilm and activated carbon 

5. Conclusions 

This study demonstrates the feasibility of using F. trogii biofilm and suspended F. trogii cells for continuous 
decolorization of dye-laden influents using BAC-process. The kinetic BAC-model and experimental approaches 
elucidated the total mechanisms governing the interactions of the activated carbon adsorption and biofilm 
biodegradation for reactive-dye decolorization by F. trogii cells. The BAC-model was able to predict 
performance fairly well for a non-steady-state experiment. The F. trogii Biofilm bioregenerated the activated 
carbon by lowering the RO16 concentration at the biofilm/activated carbon interface. The RO16 previously 
adsorbed inside the activated carbon simply desorbed out of the activated carbon through a reversal of flux 
entering activated carbon. The approaches of experiments and kinetic model presented in this paper can be 
employed for the design of a pilot-scale or full-scale BAC-process for reactive-dye decolorization by F. trogii 
cells in textile wastewater. 
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Ruta chalepensis L. is an aromatic plant belonging to the family of Rutaceae, commonly called by locals “Fidjel”. 
It is spontaneous, largely spread in North Africa, especially Algeria. 
The rue is a medicinal aromatic plant still used in traditional medicine in many countries as a laxative, anti-
inflammatory, analgesic, antispasmodic, abortifacient, antiepileptic, emmenagogue and for the treatment of skin 
diseases, and very used in many dishes from the aromatic oil and cheese to flavoring any kind of prey.  
The extraction by hydrodistillation of the essential oil of the whole aerial plant has significant returns up to 1,90%.  
The essential oil has a medium antibacterial activity against staphylococci and streptococci, and no activity or 
very low against enterobacteriaceae species.  

Keywords: bioactive molecules; essential oil; antimicrobial activity; Ruta chalepensis. 

1. Introduction 

Since time immemorial, Men appreciate the soothing and analgesic virtues of plants. 
 The active principles of medicinal plants are often related to the products of secondary metabolism. Their 
properties are currently recognized and for a good number listed, and thus harnessed, in the context of           
traditional medicines and also in modern allopathic medicine [1, 2, 3]. 
 The family Rutaceae consists of 150 genera and 1500 species of treelets known to accumulate essential oils, 
flavonoids, coumarins, and several sorts of alkaloids. 
 Ruta chalepensis (fig n°1), herbaceous plant with woody stem at the base, can reach 1 m in height, with 
aromatic foliage, and dark yellow flowers, with four or five petals; it is an ornamental plant in gardens. 
 The name Ruta comes from the greek « rhyté » which means rescued, prevent, or "REO" means flowing   
certainly making reference to its emmenagogue properties [2,4], and commonly known by the RUE. 
 In cooking, it is used to flavor sauces and prey, cheese, oil and vinegar [4, 5, 6], 
 It was used as emmenagogue and abortifacient, it has a clear stimulating effect on the uterus, until today it is 
so used as : Analgesic; Anti-inflammatory; antiseptic; antispasmodic; aphrodisiac; cardiotonic; sedative; 
stomachic; the aqueous extracts of the plant has a hypotensive activity by a direct effect on the cardiovascular 
system [7, 8].  

2. Materials and methods 

2.1. Plant material  

The aerial parts of the plant were collected at flowering season from a station in west Algeria, and then dried at 
room temperature for two weeks. 

 

Fig n°1: Ruta chalepensis 
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2.2. The extraction of essential oil  

It was done by steam distillation of the aerial part of the plant, where 100 g of dry plant is introduced into a flask 
bi collar, and moistened with water; the mixture is brought to a boil for 2-3 hours. The water laden vapours of 
essential oil, the refrigerant passing through, condense and drop into a separator funnel; water and oil separate 
by density difference [1, 9]. The essential oil is stored in dark vials until use. 

2.3. Evaluation of the antimicrobial activity 

NCCLS, 1990 [10], the activity of essential oils of Ruta chalepensis was evaluated by the method of discs on 
agar, which is a qualitative technique based on measuring the diameters of inhibition in mm. 
 The antimicrobial activity was evaluated against a sample of wild strains (sample of 131 strains: 
101enterobacteriaceae, 14 staphylococci and 16 streptococci) from the Laboratory of Microbiology at the 
Regional Military University Hospital of Oran during 2 months from 05/01/2014 to 06/03/2014. 
The culture of the strains is measured par turbidity; and adjusted to 0.5 standard of McFarland scale, 
corresponding to 1-2 x 108 CFU/ml. 
 100µl of the suspension used to inoculate the agar plates, then filter paper discs impregnated with the 
essential oil are disposed, the Petri dishes are incubated at 37°C for 24h (fig n°2).  

 

Fig n°2: Evaluation of the antimicrobial activity 
  

3. Results  

3.1 Essential oil isolation 

The dried aerial parts of the plant subjected to a hydrodistillation have revealed a yield of about 1.90±0.01% 
(w/w). 

3.2 Antimicrobial activity 

Table 1 shown the diameters of inhibition of the essential oil against the bacteria tested. The results indicate that 
the essential oil of Ruta chalepensis has low antibacterial activity against all strains; with inhibition zones don’t 
exceed the 15 mm, and no activity against the enterobacterial species.  
 
Table 1 In vitro antibacterial activity of Ruta’s essential oil. 

Strains Sample 
number 

Inhibition diameter (mm) 

6 7-10 10-15 

Pseudomonas aeruginosa  13 13 0 0 
Escherichia coli 49 47 2 0 
Enterobacter cloacae 
Proteus mirabilis 
Klebsiella  pneumoniae  
Acinetobacter baumanii 
Staphylococcus aureus 
Streptococcus sp. 

5 
11 
14 
9 
14 
16 

5 
11 
14 
9 
5 
4 

0 
0 
0 
0 
3 
5 

0 
0 
0 
0 
6 
7 
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