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Abstract 

The biochemical investigative approach of Proteomics has been utilized in the study of 

the mechanism of action of antibiotics like Triclosan (Trade name- lrgasan) on a model 

bacterium, Bacillus subtilis. By differential display of this strain with the minimum 

inhibitory concentration of the antibiotics, comparison of the protein maps of both 

triclosan treated and untreated B. subtilis cultures were performed. Several spots which 

were associated with the antibiotic resistance and in response to treatment with triclosan 

were identified by the use of Two-dimensional gel electrophoresis coupled with analysis 

by PD Quest software (Bio-Rad). A unique spot was identified and excised for further 

analysis by mass spectrometry for determination of amino acid sequence and protein 

identification. By this new approach a specific biomarker protein in B. subtilis that is 

involved in organism's response to treatment with triclosan and possible resistance to 

antibiotic action has been investigated. Thus, suggesting new avenues for the discovery 

of various future antibiotic drug targets for therapeutic intervention. 
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CHAPTER ONE 

Introduction 
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Section 1.1: Development of novel drugs: 

Infections in humans occur when bacteria overwhelm the host defense 

mechanism. For life expectancy to increase, infectious diseases must be treated with 

effective antibiotics. But it is of no surprise that even after the invention of effective 

antibiotics, bacterial pathogens have developed protective mechanism against the 

antibiotic action. They have astonishing capacity to adapt to the environmental stress 

conditions. Thus, there is an urgent need for novel antibacterial agents without cross 

resistance to existing antibiotics. 

The two most important antibiotic discovery processes are: 1) Structural 

modification of the existing antibiotics which has the same target and molecular 

mechanism but avoid cross resistance, and 2) Evaluation of novel antibiotic compounds 

that has not been exploited by existing approaches. Such a drug has to be identified for its 

molecular target to avoid side effects caused by the drug on eukaryotic cells. 1 

Cellular responses in bacteria to various stress factors could be a new means of 

antibiotic discovery. This can be obtained in terms of protein expression profiles. One of 

the technologies developed recently which facilitates in obtaining response obtained by 

the bacteria upon treatment with the antibiotics and thereby assist in identification of 

novel targets such as enzyme specific target in bacteria and finally give a possible insight 

of the molecular mechanism of novel drug candidate is "Proteomics". 2 

In this research work we have tried to exploit proteomic approach to study the 

differential protein expressions of the bacterium Bacillus subtilis treated with antibiotic 

Triclosan and an untreated or control profile in search for biomarker proteins that can 

help in understanding the mode of action of antibiotic by which it kills the bacteria. 
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Compared to eukaryotic cells, bacteria are well suited to analysis by proteomics. 

Advantages of studying bacteria over eukaryotic cells are: 1) Regulatory networks, 

protein functions and cell differentiation can be studied easily. 2) Genetic manipulation 

can be done in a simple way. 3) Genomes and their proteomes are relatively simple. 4) 

Bacteria are commonly used in food industry as well as in biotechnology and 5) Bacteria 

have direct impact on human life in the aspects of immune-system maturation, nutrition 

digestion and vitamin production. (A 70kg human contains about 1kg of bacteria). 2 

Section 1.2: Introduction and Significance of Bacillus subtilis: 

The non-pathogenic bacterium B. subtilis was first reported in 1959, for its use in 

genetic transformation. It has now become a model system for study in many aspects of 

the biochemistry, genetics, cellular physiology of Gram-Positive bacteria, particularly in 

regards to sporulation and associated metabolism.3 It is considered as workhorse for 

molecular biology studies in the Gram-positive arena. B.subtilis is a benign organism, 

non pathogenic to humans, animals or plants and thus has become one of the preferred 

organisms for major pharmaceutical companies for medical and economical reasons. Two 

thirds of industrial enzymes and antimicrobial agents are believed to be produced by 

Bacillus species.3 The most remarkable feature about Bacillus species is that its complete 

genome sequence has been determined. The sequence consists of 4,214,810 base pairs 

which comprise 4,100 protein coding genes.4 The two dimensional protein index of 

Bacillus subtilis is available via the World Wide Web using a URL -

http://microbio2.bioloqie.uni-qreifswald.de:8880/. Over the past few years up to 56 

microorganisms had their genomes completely sequenced. Additionally, other 170 
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organism genomes are in process of being sequenced. The genome of only two strains of 

Bacillus has been completed: B. subtilis and B. halodurans. 4 

B. subtilis is an ubiquitous bacterium recovered from soil, water, and plant 

residues.5
' 

6 Bacilli are rod shaped, Gram-positive, sporulating, aerobes or facultative 

anaerobes (Figure 1.1 ). The spore form is resistant to heat, cold, radiation, desiccation, 

and disinfectants. It exhibits an array of physiological abilities that allow it to live in a 

wide range of habitats. It is thermophilic, psychrophilic, acidophilic, alkaliphilic, halo 

tolerant, and is capable of growing at pH values, temperatures and salt concentrations 

where few other organisms can survive.4
' 

7 During stress and starvation conditions, it 

synthesizes proteins that help in protecting itself against the stress factors. Under normal 

conditions it produces proteins that are helpful in maintaining normal processes like 

glycolysis, TCA cycle, etc, and such proteins are known as house keeping proteins.8 

Section 1.3: Pathology of B. subtilis: 

Within the genus Bacillus, there are around 48 different species. The two species 

of the genus that are the most harmful pathogens are B. anthracis and B. cereus. 

B.anthracis is extremely pathogenic to humans and animals when inhaled in the spore 

form. B. subtilis has been associated with outbreaks of food poisioning.9 It is shown to 

produce an extra cellular toxin known as subtilisin a proteinaceous compound capable of 

causing allergic reactions in individual who are repeatedly exposed to it. 10
•
11 However 

infections are also found in patients who have compromised immune states. 
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Section 1.4: Uses for B. subtilis 

B.subtilis is known for its production of important enzymes like Amylase and 

Proteases. 12 Medically, it is used for treating chronic dermatitis and entercolitis. 

The characteristic feature ofB.subtilis spores, which is known for its high resistance to 

heat, is made use in food and microbiology industry as an indicator in sterilization 

process. 13 Another potential application of B.subtilis is for its production of-y-PGA used 

as a thickener, humectant, and as a drug carrier in medicine. Example includes Taxol, an 

anticancer agent. In research, it serves as a model bacterium for other deadly pathogens 

such as B. anthracis. It is related to B.cereus by 72% homology. Variety ofrestriction 

endonucleases such as Barn HI, Beil, BglII and Bstl are obtained from B.subtilis. 14 

B.subtilis shows a change in its protein synthesis pattern in response to antibiotic 

stress (Triclosan). It induces a large group of proteins that are possibly involved in the 

adaptation to the environmental constraints imposed upon the cell. 

Section 1.5: Introduction and Significance of Triclosan: 

Over the last 30 years, Triclosan has become the most widely used synthetic 

compound that exhibits a broad spectrum of antimicrobial activity. Triclosan, also known 

as Irgasan DP 300 is a white powder with antibacterial, antifungal and antiviral 

properties. 18 It is sold under the trade name Irgasan DP300 and has a chemical name 2, 4, 

4 '-trichloro-2 ' - Hydroxydiphenylether. It belongs to bisphenol class of compound with a 

molecular weight of 289.54gms, ash value =:;Q. l %, M.P- 56-58°C and chemical formula 

C12H7C13O2. 15' 16 Chemical structure ofTriclosan is shown in Figure 1.2 

5 



It is poorly soluble in water, but is fat soluble and therefore easily crosses the cell 

membranes. According to a recent report, there are over 700 consumer products with 

antibacterial properties, the vast majority of them containing triclosan, has entered the 

consumer market. 15 Because of its germicidal properties, it is widely used in personal 

health care products. Hand soaps, deodorant, toothpastes and mouth washes are some of 

the examples. 17 

Triclosan is the most common, highly effective antimicrobial agent with a broad 

spectrum of activity. It is safe to use and has good skin compatibility. It has high purity 

and is stable to hydrolysis and soluble in many organic solvents and surfactants. 

Depending on the formulation and application, triclosan is recognized by the United 

States Food and Drug Administration (FDA) as either an over-the-counter or a 

prescription drug. 17 It possesses anti-inflammatory activity, possibly due to the inhibition 

of interleukin- induced prostaglandin biosynthesis. It is reported to induce apoptosis in 

human gingival cells. 18 

Section 1.6: Relative background about mode of action of Triclosan: 

Earlier in 1974, studies undertaken to elucidate the mechanism of action showed 

that lrgasan DP300 caused the disorganization of the cytoplasmic membrane and leakage 

of low molecular weight cellular contents. The authors thus concluded that the primary 

action of triclosan is directed against RNA and proteins synthesis in bacteria and not 

against DNA synthesis. 19 Triclosan was also thought to act as non-specific biocide until 

the discovery of a specific target "EACPR" in 1998. Since it is fat soluble and easily 

crosses the cell membranes, it poisons a specific enzyme that many bacteria and fungus 
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need for survival. 15 It acts on a defined bacterial target in the bacterial fatty acid 

biosynthetic pathway (Figure 1.3) and is a picomolar inhibitor of enoyl-[ acyl-carrier 

protein] reductase (EACPR), by mimicking its natural substrate in Gram-negative and 

Gram-positive bacteria. The EACPR catalyses the final regulatory step in the fatty acid 

synthesis cycle. Thus triclosan prevents the manufacturing of fatty acids in bacteria 

which are needed for building cell membranes and other vital functions. Humans don't 

have this enzyme, so triclosan is harmless to them. One molecule of triclosan 

permanently disables an EACPR molecule, which explains why triclosan has powerful 

antibiotic action even at very low concentrations. 15 

Section 1.7: Mechanism of Triclosan: 

There are four basic reactions that constitute a single round of elongation. Figure 

1.3 illustrates the various steps involved in the fatty acid synthesis. The first step is the 

condensation of malonyl-ACP with either acetyl-CoA to initiate fatty acid synthesis or 

with the growing acyl chain to continue cycles of elongation. The ,B-ketoacyl -ACP is 

reduced by an NADPH dependent ,B-ketoacyl -ACP reductase. There are two ,B

hydroxyacyl- ACP dehydratases capable of forming trans-2-enoyl-ACP. The product of 

these two enzymes is specifically involved in the introduction of a cis double bond into 

the growing acyl chain at the ,B-hydroxydecanoyl-ACP step and most efficiently catalyzes 

dehydration of short chain ,B-hydroxyacyl - ACPs whereas the ,B-hydroxyacyl- ACP 

dehydratase has a broader substrate specificity. The last reaction in each elongation cycle 

is catalyzed by enoyl-ACP reductase. The importance of the fatty acid biosynthesis to cell 

growth and function makes this pathway an attractive target for the development of 
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antibacterial agents. Enoyl ACP reductase acts as a good target for those compounds that 

can effectively inhibit fatty acid synthesis. 17
• 
21 

Section 1.8: Introduction and significance of Proteomics: 

The term "Proteome" was coined in 1995. Figure 1.4 summarizes the application 

of proteomics. Study of proteome is called Proteomics. It is defined as large scale 

characterization of the entire protein complement of a cell line, tissue or organism that is 

produced under a defined set of conditions.22 Proteins are the effector molecules that 

mediate and regulate the basic cellular function. A proteome refers to the entire protein 

complement expressed by a genome. A proteomic signature reflects the state of the cell 

and its various metabolic processes which it undertakes under a given set of conditions. 

Proteomics and genomics are complementary. Genome represents the blue print of all 

cellular properties that a cell is able to develop. Proteome on the other hand describes the 

composition of cell that is adjusted to meet the challenges of changing environmental 

conditions. Genomics provides us information about what proteins could potentially exist 

in a cell, but it's the proteomics that gives us the information of what proteins are actually 

present. Study of a proteome gives us a signature of post translational modifications that 

are encountered in the cellular responses, which a genome study cannot describe. Post 

translational modifications are an important key for regulation in many cellular processes. 

Expression of healthy and diseased physiological conditions can reveal the mechanism of 

the disease and thereby help to find new diagnostic markers. One can therefore optimize 

lead compounds for clinical development. 23 

A typical approach of proteomics involves four basic steps 
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I. Separation of proteins by two-dimensional gel electrophoresis 

II. Extraction and enzymatic cleavage of individual proteins of interest 

III. Peptide analysis by either MALDl- TOF or ESl 

IV. Analysis of peptide mass fingerprint results in protein database. 24 

Section 1.9: Introduction and significance of 2DGE: 

Two-dimensional gel electrophoresis was introduced in 1975. This technique 

allows the proteins to be separated according to two dimensions. First by lEF where 

proteins get separated according to their pl and secondly by the use of SDS-P AGE by 

their MW. 25 Figure 1.5 and 1.6 helps us understand how proteins are separated. 2DGE 

technique is the method of choice to separate proteins. 

The primary application of 2DE continues to be protein expression profile. 

Proteomic signatures for a defined set of conditions can now be studied in a more simple 

way. They can be compared both qualitatively and quantitatively. This feature makes the 

discovery ofbiomarker protein more prominent. Protein modifications and cellular 

processing causes a change in the mass and pl of proteins, leading to the appearance of 

different spots in 2D gels. Intensity of protein spots would reflect the differential 

expression levels between two gels. 26 

Visualizing of proteins has been made possible by the use of stains like 

Coomassie or a more sensitive fluorescent dye. After the selection ofbiomarker protein, 

spots are been excised and its identification can be done by MS method. MS is a 

preferred tool to identify the proteins. In this method proteins are sorted by their M/Z 

ratio and broken down into their peptide fragments. ESl and MALDl are the two 
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preferred ways to ionize the proteins. After the mass analysis the real search for 

identification of protein is possible by bioinformatics, where the MS data is searched in 

the protein database. Figure 1. 7 summarizes the pathway of protein identification. 
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Figure 1.1: Structure of Bacillus subtilis. 27 

14 



15 



Figure 1.2: Structure of Triclosan. 28 

16 



Cl OH 

Cl Cl 

17 



Figure 1.3: Fatty acid Biosynthesis. 29 

The encircled part shows the target for triclosan action. 
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Figure 1.4: Types of Proteomics and their applications in different fields. 22 
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Figure 1.5: Separation of Proteins from the mixture of proteins on pH 3-10 IPG strip, 

according to each protein' s pl and independent of size. 30 
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Figure 1.6: Separation of proteins by SDS- PAGE, after the first dimension. 30 
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Figure 1. 7: Proteins are separated by two-dirnenst 
onal e1 

are identified, excised and digested with trypsin. h eptid ectrophoresis. Spots of interest 

masses are submitted to a proteomic datat fingerprint is obtained and th 
~~e~ . e 

Identify the protein. 24 

26 



pl 
]\i(W 

\· 

Excis ion and 
Protea c Digc tion 

... ... 
DatabaJe MJning 

1a 'IX'ctronacrr 

r. 
'· 

-L. j 
::.~ ti 

'"'•- ~,,.. . ... 

27 



CHAPTER TWO 

Material and Methods 
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Section 2.1: Materials: 

B.subtilis strain-29056 was obtained from ATCC (Rockville, MD). Irgasan was 

purchased from Fluka Biochemika (Milwaukee, WI). LB broth, miller was obtained from 

DIFCO (Sparks MD). Biolyte 3-10 ampholyte, Sypro Ruby protein gel stain lx and IPG 

Ready strip™ were purchased from Bio-Rad (Hercules, CA). Acris/Bis (Acrylamide), 

Coomassie brilliant blue R-250, APS and SDS were obtained from Amresco (Solon, 

OH). Thiourea, TEMED and Urea, were purchased from Sigma (St.Louis, MO). TRIS, 

Bromophenol blue and Brilliant blue G-250 were bought from Fischer Biotech (Fairlawn, 

NJ). 1-Butanol, O-Phosphoric acid 85% and HCl were obtained from Fischer Scientific. 

Section 2.2: Culture of Bacillus subtilis: 

The organism that was used in the experiment was B.subtilis, strain 29056. A 

starter culture flask containing 50mL (2.5%) of sterile Luria-Bertani media was 

autoclaved at 121 °C for 15min. Organism from a previously prepared glycerol stock of 

the strain was inoculated aseptically in a sterile flask containing sterile LB media and 

incubated for 24h at 27 °C in the aerobic condition on a Lab-Line Orbit Environ-Shaker. 

Active growing cultures were obtained by using the above starter culture. 1 00µL of 

above LB media containing B.subtilis was transferred aseptically to a new flask. 

Section 2.3: MIC determination: 

Minimum Inhibitory Concentration is defined as the lowest concentration of a 

given antibiotic that will inhibit or kill an organism. Determination of MIC involves the 

addition of a series of dilutions of an antibiotic solution. 1 Figure 2.1 shows serial dilution 
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with DMSO and Triclosan. Stock antibiotic solution was prepared by dissolving 0.lg of 

Irgasan (trade name: triclosan) in 0.lmL of Dimethyl sulfoxide (DMSO) solvent and 

vortexing to ensure a uniform solution. MIC was determined by serial dilutions in test 

tubes containing 5.4mL of LB media. 6µL oflrgasan stock solution was used to get 

concentrations of0.lµg/mL, 0.0lµg/mL, 0.00lµg/mL or lng/mL, 0.000lµg/mL or 

0.lng/mL and 0.0000lµg/mL or 0.0lng/mL. Each tube including a standard was 

inoculated with 1 00µL of B.subtilis culture. Tubes were incubated for 24h at 27°C. 

Absorbance was read at 600nm against a blank. Graph was plotted with Absorbance as Y 

axis and Log concentration oflrgasan as X axis. From the sigmoidal curve, the lowest 

concentration that inhibited the visible growth was found to be 0.00lµg/ml or lng/mL. A 

plot of MIC graph can be seen in Figure 3.1 and their absorbance values are shown in 

table 3.1 

Section 2.4: Serial Dilution: 

Serial dilutions as described above were performed again using 6µL of lrgasan 

stock (0.lg/0.lmL) and 6µL ofDMSO solutions in test tubes containing 5.4mL of LB 

media to get a MIC value of (lng/mL). 

Section 2.5: Treatment of B.subtilis with Triclosan and the DMSO: 

600µL of solution from each test tubes containing lng/mL of triclosan and 

DMSO solutions was transferred into a sterile 125mL flask, containing 50mL of the 

sterile LB media and l00µL of B.subtilis culture. Flask was labeled as Treated and 

untreated B.subtilis. These two flasks were incubated for 24h at 27 °C in the aerobic 
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condition on a Lab-Line Orbit Environ-Shaker. After the incubation period, the samples 

were transferred into 50mL of conical tubes and were centrifuged at 1 000rpm for 1 0min 

at 27°C in IEC HN-SII Centrifuge. The supernatant was decanted and the pellets were 

collected for the homogenization protocol as described below. 

Section 2.6: Homogenization: 

From the culture obtained above, the sample was pelleted by washing three times 

with 9mL of TE buffer buffer pH 8.8 (IM TRIS pH 8, 0.5M EDTA pH 8) by placing the 

tubes into Beckman GPR Centrifuge and spin at 2000rpm for 1 0rnin at 25 °C. In the third 

wash, 500µL of sample was pipette out and transferred into Eppendorftubes, whose 

empty weights were taken. These tubes were again centrifuged in eppendorf centrifuge 

5417R at 2000rpm, 25°C for 1 0min. The weight of the pellet was kept constant to 50mg 

and to which 200µL of2DE buffer was added to lyse the cells. Tubes were vortexed to 

ensure uniformity. Sonication, under ice was performed using Microson Ultrasonic Cell 

disruptor which uses the ultrasonic vibrations at 60Hz on the sample solution for lysis 

and removal of interfering substances like nucleic acids in 2DE buffer (8.4M Urea, 2.4M 

thiourea, 5% CHAPS, 25mM Sperrnine base, 50mM DTT) for three times, each for 30sec 

run time and 30 sec rest time. Eppendorftubes were then centrifuged at 16,400rpm at 4°C 

for 30min. The supernatant liquid now contains the protein of interest and any precipitate 

seen are the interfering substances were been removed by sonication. The protein sample 

can now be used for quantification using Modified Bradford assay. 
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Section 2.7: Modified Bradford assay: 

A modified Bradford assay was used to determine the concentration of the protein 

in the sample.2 A standard curve is constructed in the range of 10-40µg. To each BSA 

standard tubes (10-40µg), and in the protein sample (1-20µL) add 80µL of distilled 

water, l0µL of0.lM HCl, lOµL of2DE buffer (8.4M Urea, 2.4M thiourea, 5% CHAPS, 

25rnM Spermine base, 50rnM DTT) 3 and 4ml of Bradford Reagent (100mg of 

Coomassie brilliant blue G-250 in 50mL of 95% ethanol, 100ml of 85% O-phosphoric 

acid. Dilute to lL).4
'

5 Absorbance of each solution was measured using UV-Visible 

spectrophotometer at 595nm against a blank. The standard curve was constructed with 

Absorbance on Y axis and Concentration (µg of protein). From the equation of the line 

produced in the graph, one can calculate the amount of protein in the sample. The R value 

for most of the trials lied in the range of 0.94 to 0.96. Few trials did show good results 

even with R values in the range of 0.79 to 0.85. Figure 3.2, shows the results of Bradford 

assay for Trial 9. Table 3.2 shows the absorbance values at 600nm. 

Section 2.8: Two-Dimensional Gel Electrophoresis: 

First Dimension: Isoelectric Focusing: 

Bio-Rad immobilized gradient strips (IPG) 7cm and 17cm of pH 3-10 and 4-7 

were placed in a focusing IEF tray and loaded with l00µg of protein depending on the 

length of strip size and were actively rehydrated with rehydration buffer (8M Urea, 2% 

CHAPS, 15rnM DTT, 0.2% Bio-lyte 3-10 Ampholyte(Bio-Rad), 0.001 % Bromophenol 

blue) with total volume of 125µL for 7cm strip and 300µL for 17cm IPG strips. The 

strips are then overlaid with mineral oil. A linear voltage ramp was followed, taking 2h 
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increase in voltage to 4000V where strips are focused for 40,000V·h. In the case of 17cm 

strips, the voltage was increased for over 3h to 10,000V for 60,000V·h focusing time. 

After the focusing, the strips were equilibrated with in equilibration buffer I (6M Urea, 

2% SDS, 0.375M Tris-HCI pH 8.8, 20% Glycerol, 130mM DTT) for 1 0min, on an orbital 

shaker. It was then placed in Equilibration buffer II (6M Urea, 2% SDS, 0.375M Tris

HCl pH 8.8, 20% Glycerol, 135mM Iodoacetamide (IAA). At this time, strips are then 

ready for second dimension or can be stored at -80°C until use.6
-
9 

Second dimension SDS Gel Electrophoresis: 

The second dimension is done by using 10% SDS gel (Table 2.1 ). Strips were 

rinsed in lX TGS buffer solution and were laid on top of the gel using overlay agarose 

(0.5% in lX TGS buffer with bromophenol blue). The gels were run at 16mA/gel, (7cm 

Strip) and 9mA/gel (17 cm strips) until the dye front reaches the bottom of the gel. The 

gels were made with Bio-Rad systems, either single cast or multicast up to 12 gels. A 

BioRad Mini PROTEAN III was used to run the minigels. For larger gel (for 17cm IPG 

strips) Bio-Rad PROTEAN ii XI system was used. 9 

Section 2.9: Staining the gels: 

After the completion of the second dimension, gels are stained with either 

Coomasie stain or SYPRO Ruby. For staining in Coomasie dye (0.25% Coomasie 

brilliant blue R-250, 45% methanol, 10% acetic acid), gels were immersed simply in an 

enough volume of Coomasie dye to cover the gel. To destain the dye, mixture of 

methanol and acetic acid as high and low destain. ( 40% methanol, 10% acetic acid; and 
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10% methanol and 10% acetic acid respectively) were added to the gel to remove the 

background dye and allow only the protein spots are stained. 9 

For staining the gel with SYPRO-Ruby, gel after second dimension was immersed 

in the fixing solution (40% Methanol, 10% acetic acid) for 1 hour. SYPRO-Ruby stain 

was then added on the gel until the gel was immersed in the stain. The staining process 

was allowed to continue for overnight by keeping on orbital shaker. Gels were then 

immersed in water for 15min. For destaining the gels were immersed in high destain 

(10% ethanol and 6% acetic acid) for two hours. 9
• 

10 

Section 2.10: Imaging: 

Gels were imaged using Bio-Rad ChemiDoc XRS imaging system coupled with 

PD- Quest two-dimensional gel analysis software. For SYPRO-Ruby stain the gels were 

visualized with Trans UV lamp at a wavelength of 365nm. 

Section 2.11: Differential display: 

PD Quest also offers automated detection and matching program. Gel images can 

be filtered, protein spots can be identified and different gels or replicate groups can be 

matched. 11 For creating master gels of both antibiotic treated and untreated bacillus trials, 

at least three good trials are required. Using these three trials, a Master gel of the 

antibiotic treated and untreated can be obtained. Using these master gels, one can also 

create Higher-level match set, which allows comparing of the antibiotic treated bacillus 

gels with untreated bacillus gels. These two master gels can be overlayed on each other to 
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see the difference in the proteomic profile. Thus by such differential display of the protein 

profiles one can identify the biomarker protein. 

Section 2.12: Excision of Differential Protein: 

The gel was placed under the UV lamp. Using the end of sterile Pasteur pipette 

the spot was excised and transferred into a sterile eppendorf tube. The excised spot was 

sent for MS analysis of protein identification to University of Cincinnati, Department of 

Chemistry. 
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Figure 2.1: Serial dilution of the antibiotic Triclosan for treating the B.subtilis culture and 

control serial dilution with DMSO solvent. 
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Table 2.1 SDS-PAGE second dimension recipes 

SOLUTION COMPONENTS 5ml 10ml 15ml 20ml 100ml 
6% 

H2O 2.85 5.8 8.65 11.6 58.0 
40% acrylamide 0.75 1.5 2.25 3 15.0 
1.5M Tris (pH 8.8) 1.3 2.5 3.8 5 25.0 
10% sos 0.05 0.1 0.15 0.2 1.0 
10% ammonium persulfate 0.05 0.1 0.15 0.2 1.0 
TEMEO 0.004 0.008 0.012 0.016 0.08 

8% 
H2O 2.6 5.3 7.9 10.6 53.0 
40% acrylamide 1.0 2.0 3.0 4.0 20.0 
1.5M Tris (pH 8.8) 1.3 2.5 3.8 5 25.0 
10% sos 0.05 0.1 0.15 0.2 1.0 
10% ammonium persulfate 0.05 0.1 0.15 0.2 1.0 
TEMEO 0.003 0.006 0.009 0.012 0.06 

10% 
H20 2.35 4.8 7.15 9.6 48.0 
40% acrylamide 1.25 2.5 3.75 5 25.0 
1.5M Tris (pH 8.8) 1.3 2.5 3.8 5 25.0 
10% sos 0.05 0.1 0.15 0.2 1.0 
10% ammonium persulfate 0.05 0.1 0.15 0.2 1.0 
TEMEO 0.002 0.004 0.006 0.008 0.04 

12% 
H2O 2.1 4.3 6.4 8.6 43 
40% acrylamide 1.5 3 4.5 6 30 
1.5M Tris (pH 8.8) 1.3 2.5 3.8 5 25 
10% sos 0.05 0.1 0.15 0.2 1 
10% ammonium persulfate 0.05 0.1 0.15 0.2 1 
TEMEO 0.002 0.004 0.006 0.008 0.04 

15% 
H2O 1.725 3.55 5.275 7.1 35.5 
40% acrylamide 1.875 3.75 5.625 7.5 37.5 
1.5M Tris (pH 8.8) 1.3 2.5 3.8 5 25 
10% sos 0.05 0.1 0.15 0.2 1 
10% ammonium persulfate 0.05 0.1 0.15 0.2 1 
TEMEO 0.002 0.004 0.006 0.008 0.04 
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CHAPTER THREE 

RESULTS 
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Section 3.1: Results of MIC determination: 

The MIC of Triclosan was determined by growing the organism B.subtilis in 

presence of various concentrations of the triclosan in LB broth at 37°C with shaking. The 

absorbance at 600nm was read after 24h and plotted versus the log concentration of the 

triclosan. Table 3.1 shows the absorbance values obtained at 600nm. As shown in the 

Figure 3 .1, the MIC was read as the lowest concentration that resulted in no bacterial 

growth after 24h. Thus MIC oftriclosan was found to be 0.00lµg/mL or lng/mL. 

Section 3.2: Results of Modified Bradford assay: 

Modified Bradford assay was performed in each trial to determine the amount of 

protein in the sample. A typical result has been shown here. A l0µL of protein sample 

from the untreated and treated trial 9 was shown to have l.3µg/µL and 0.85µg/µL of 

protein respectively. The concentration of standard BSA protein used was 9.3µg/µL. 

Total of eleven trials were been performed. The concentration of protein from most of the 

sample was found to be in the range from 0.75µg/µL to l.5µg/µL. For some trials, the 

concentration of protein was found to be below the range given above due to the use of 

old Bradford dye reagent. In such case since the composition of rehydration buffer was 

almost similar to that of2DE buffer used for homogenization, but with only difference 

being ampholyte, thus an excess of 4µL ofBiolyte 3-10 was added directly to the protein 

sample. The maximum load for 7cm IPG strip in such case was 125µL of sample and 

excess microliter ofbiolyte if put any. In case of 17cm IPG strip maximum load was 

300µL of the sample and rehydration buffer. 
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Section 3.3: Results of the 2D gels: 

The protein profile of the B.subtilis shows that the pl of majority of the proteins 

was found to be in the range of 4-7 as shown in Figure 3.6. Out of eleven trials done, 

triplicate gels were necessary to show repeatability and eliminate any errors in the 

experiment. Four gels were picked up for comparison. Figure 3.7 and 3.8 shows the 

cropped untreated gel images and Figure 3.9 and 3.10 shows the cropped triclosan treated 

gel images. A false color was assigned to the gel images by the use of PD- Quest 

software. 

Section 3.4: Results of the Match set: 

Two match sets were created to generate master gels from the untreated gels and 

triclosan treated gels respectively. PD Quest creates such match sets by using the 

original 2D scan image of the gels and creates copies of Gaussian and filtered images. A 

master gel created in every matchset is a synthetic image that acts as a template 

containing the spot data from all the gels in the match set. By using the "Automated 

matching" option all the spots in the individual gels are compared. Figures 3.11 and 3.12 

illustrate the match set generated for untreated and triclosan treated respectively. Table 

3.5 and 3.6 shows us the summary of the spots matched. 

Automated matching was done using primary and extended matching. Primary 

matching usually makes high prescion matches, but also has the feature to lower the 

prescion of matching so that spots can be matched even if it is a short distance away from 

the ideal position. Green color seen in the match set is the primary matching. The second 
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method called extended matching can be done either by classic or restricted method. An 

advantage in choosing classic method is that it finds the greatest number of matches, but 

at the same time increases the likelihood of false matches. 

Each matched spots is marked with a green letter as seen in the master gel and the 

matched gels. The unmatched spots in the member gels are marked with red circles. Land 

marking of the key spots must be chosen prior to the use of classic method where auto 

matching is done immediately after each land mark is placed. This helps to align and 

position the gels for matching. The green triangle represents the symbol for landmarks. 

Gels are normalized by one factor depending on the gels produced. Most of the time gels 

are normalized by identifying a group of house keeping proteins (protein spots that are 

present consistently at all times within a cell in all matchset members). Ten house 

keeping spots were used for normalizing. Gels were also normalized based on the total 

density of the gel image. 

Section 3.5: Result of the Higher Level Matchset: 

The master gels of untreated and triclosan treated were used to create a higher 

level match set. With the help of the higher level match set, one can compare the treated 

and untreated gel images with the template being untreated gel. Gels were normalized, 

and a more liberal value of spot matching was done, similar to that of master gels. 

Figure 3.16 gives a picture of higher level match set and table 3.7 shows a matching 

summary of the higher level matchset. 
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Section 3.6: Results of Multi channel viewer: 

The two master gels created can also be used to see the differential protein 

expressions. A false red, green or blue color can be assigned to any of the master gels. 

Untreated gel was assigned green color (Figure 3.13) and the triclosan treated was 

assigned red color (Figure 3 .14 ). An overlay of both the gel images helps us to find the 

differential protein. Result of such overlay can be seen in figure 3 .15 . 
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Figure 3.1: Minimum Inhibitory Concentration Graph for Triclosan. 
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Table 3.1 

ABSORBANCE VALUES FOR DETERMINING MIC OF TRICLOSAN 

AT 600nm 

Concentration of Triclosan Absorbance Values @ 600nm 

Standard (5mL LB+1 00µL of B.subtilis) 0.81618 

5mL LB+ 1 LIQ of triclosan 0.22371 

5mL LB + 0.1 µg of triclosan 0.068421 

5mL LB+ 0.01 µg of triclosan 0.079088 

5mL LB+ 0.001 LIQ of triclosan 0.076066 

5mL LB + 0.0001 LIQ of triclosan 0.32456 

5mL LB + 0.00001 LIQ of triclosan 0.37438 
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Figure 3.2: Modified Bradford Assay for determining the amount of protein in the 

sample. 
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Table 3.2 

MODIFIED BRADFORD ASSAY TO DETERMINE THE PROTEIN 

CONCENTRATION 

BSA Standard Absorbance 

9.3ua/µL 600nm 

10 0.10995 
15 0.13473 
20 0.26241 
25 0.2779 
30 0.28963 
35 0.36891 
40 0.42833 
45 0.51956 

Equation for the line obtained from the above graph is Y=0.0111 x - 0.0066; R2 = 0.9612 

Sample Protein Absorbance Sample 

Trial 9 600nm Taken 

1 0µL Untreated 0.1411 77µL 
1 0µL Treated 0.087636 119µL 
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Figure 3.3: Uncropped gel image of B.subtilis with (A) and without sonication (B). 

First Dimension: 7cm IPG Strip, pH 3-10, l00µg of protein load, Active rehydration, 
40,000Vh. 

Second Dimension: 10% SDS PAGE, 16mA/gel, 
Staining: Coomassie blue 
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Figure 3.4: (A) Uncropped gels of B.subtilis treated with triclosan and 

(B) Untreated with triclosan, on 17cm 2D gels using 3-l0pH IPG strip. 

No serial dilution done in the B.subtilis-untreated 
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Figure 3.5: (A) 2D gel ofTriclosan treated B.subtilis uncropped gel image and 
Image (B) shows B.subtilis treated only with DMSO uncropped gel image. 

Homogenization: Sonication 
First Dimension: 7cm IPG Strip, pH 3-10, l00µg of protein load, Active rehydration, 

40,000Vh. 
Second Dimension: 10% SDS PAGE, 16mNgel, 

Staining: Coomassie blue 
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Figure 3.6: (A) 2D gel of Triclosan treated B.subtilis uncropped gel image and image (B) 
shows untreated B.subtilis uncropped gel image. 

Homogenization: Sonication 
First Dimension: 7cm IPG Strip, pH 4-7, l00µg of protein load, Active rehydration, 

40,000Vh. 
Second Dimension: 10% SDS PAGE, 16mNgel, 

Staining: Coomassie blue 
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Figure 3.7: 2D gel oftriclosan Untreated B.subtilis cropped gel images of TRIALS 3, 9 
As shown in (A) and (B) respectively. 

Homogenization: Sonication 
First Dimension: 17cm IPG Strip, pH 4-7, 255µg of protein load, Active rehydration, 

60,000Vh. 
Second Dimension: 10% SDS PAGE, 9rnA/gel, 

Staining: SYPRO-Ruby stain 
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Figure: 3.8: Untreated B.subtilis cropped gel images of TRIALS 10, 11 
as shown in (A) and (B). 

Homogenization: Sonication 
First Dimension: 17cm IPG Strip, pH 4-7, 255µg of protein load, Active rehydration, 

60,000Vh. 
Second Dimension: 10% SDS PAGE, 9mA/gel, 

Staining: SYPRO-Ruby stain 
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Figure: 3.9: 2D gels of Triclosan Treated B.subtilis cropped images of TRIALS 3 as in 
(A) and 9 in (B) respectively. 

Homogenization: Sonication 
First Dimension: 17cm IPG Strip, pH 4-7, 255µg of protein load, Active rehydration, 

60,000Vh. 
Second Dimension: 10% SDS PAGE, 9mA/gel, 

Staining: SYPRO-Ruby stain 
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Figure: 3.10: 2D gel oftriclosan Treated B.subtilis cropped gel images of TRIALS 10 (A) 
and ll(B). 

Homogenization: Sonication 
First Dimension: 17cm IPG Strip, pH 4-7, 255µg of protein load, Active rehydration, 

60,000Vh. 
Second Dimension: 10% SDS PAGE, 9mA/gel, 

Staining: SYPRO-Ruby stain 
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Figure 3.11: Match set created for the 2D gels of B.subtilis from Trials 3,9, 10, 11 

untreated with the help of PD-Quest software and have been given annotations. 
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Figure 3.12: Match set created for the 2D gels of B.subtilis from treated Trials 3,9, 10, 11 

with the help of PD-Quest software and have been given annotations. 
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Figure 3.13: Dual channel View- Spots of untreated B.subtilis is assigned false green 

color with the help of PD-Quest Software. 
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Figure 3.14: Dual channel View- Spots of untreated B.subtilis is assigned false red 

Color with the help of PD- Quest Software. 
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Figure 3.15: Multichannel viewer of the Treated and Untreated master gels layed on top 

of each other to see the differential protein profile expression 
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Figure 3.16: Higher level matchset- Zoomed in annotated match set - Part I 
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Figure 3.17: Higher level matchset- Zoomed in annotated match set - Part II 
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Figure 3.18: Higher level matchset- Zoomed in annotated match set - Part ill 
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Figure 3.19: Higher level match set- Zoomed in annotated match set Part IV 
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Table 3.3- Matching Summary of Treated Matchset 

Gel Name Spots Matched 

Trial 3 515 515 

Trial 9 465 171 

Trial 10 498 86 

Trial 11 503 93 

Table 3.4- Matching Summary of Untreated Matchset 

Gel Name Spots Matched 

Trial 3 503 75 

Trial 9 586 586 

Trial 10 542 145 

Trial 11 570 176 

Table 3. 5- Matching Summary of Higher Level Matchset 

Gel Name 

Untreated 

Treated 

S ots 

586 

515 

Matched s ots 

100 

586 
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MATCHSET SUMMARY AFTER CHANGING THE MATCHING PARAMETERS 

Table 3.6- Matching Summary of Treated Matchset 

Gel Name Spots Matched 

Trial 3 693 693 

Trial 9 345 221 

Trial 10 666 244 

Trial 11 629 278 

Table 3.7- Matching Summary of Untreated Matchset 

Gel Name Spots Matched 

Trial 3 804 804 
Trial 9 567 239 
Trial 10 447 245 

Trial 11 676 336 

Table 3.8- Matching summary for Higher Level Matchset 

Gel Name Spots Matched soots 

Untreated 804 804 

Treated 693 468 
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CHAPTER FOUR 

DISCUSSION 
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Section 4.1: Main goals of the proiect: 

The main aim of this project was to apply the proteomic approach, establish and 

study the proteomic expression profiles of triclosan-treated and untreated bacilli patterns, 

and finally find a differential expressed protein which can help understand the 

mechanism of action of triclosan. 

A first attempt in establishing the above goals was made by extracting the 

proteins by lysing the cell with 2D buffer from B.subtilis. Figure 3.3a is one of the 

preliminary results of the untreated gels which shows smears and streaks with no clear 

separation and proper yield of proteins on the gel. Imaging and quantification of spots on 

such gels becomes a difficult task. Thus, cracking protocol was revised again. Figure 3.3b 

shows the results of the homogenization using sonication technique, which resulted in 

distinct separation of proteins with dark spots that made imaging and further spot 

analysis much better. Sonication was able to remove the interfering substances like the 

DNA using the UV vibrations. It was performed on sample for three times under ice for 

30sec of run and rest time each. Finally, this homogenization protocol was followed for 

the rest of the experimental part. 

The next step was to perform serial dilution of the antibiotic triclosan to reach the 

MIC concentration. Triclosan being lipid soluble was solubilized in DMSO. Since the 

experiment was more focused on the differential analysis, all the conditions except the 

addition of antibiotic to the treated sample were kept the same. Therefore, serial dilution 

ofDMSO was expected to be performed in the untreated sample. Unfortunately this 

dilution was not done and only three trials resulted as shown in Figure 3.4. This result 

explains that DMSO has probable effects on the organism. This problem was later been 
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fixed by performing serial dilution with DMSO. As a result, proteins were extracted by 

following proper serial dilution and homogenization using sonication under ice 

technique. Figure 3.5 shows the first correct result on 7cm gel. It demonstrates a good 

reproducible result with good separation of proteins. 

Quite successful in establishing the homogenization protocol and results on 2D 

gels, the next step was to analyze the 2D gels. For this purpose PD Quest software was 

used to quantify the protein spots. As seen in Figure 3.5, the protein spots are shown to be 

dark and found to be aggregated more towards the mid region of 3-10 pH range. Because 

of such aggregation, the software would quantify a cluster of closely placed small spots 

as one single spot rather then counting them as individual spots. An attempt was made to 

use a narrow pH range IPG strip when compared to 3-10 pH range. Figure 3.6 shows the 

results of 2D gel when a 4-7 pH range IPG strip was used. It shows a more distinct 

separation of each individual protein and the quantification of such kind of separated 

proteins by the software became much easy. Thus, from the results of Figure 3.6 it was 

established that the pl of majority of the proteins of B.subtilis was found to be in the 

range of pH 4-7. Finally for the rest of the experimental part, pH 4-7 range IPG strips 

were used. Based on this protocol 2D patterns were established as illustrated in figure 

3.7-3.10. Match set was created out of these gels to generate master gels and matching 

was done. 

Section 4.2: Automated matching of spots: 

Primary matching was done with a liberal value restricted strictly to 50 and the 

extended matching was chosen to be restricted matching, where more high prescion is 
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expected. Tables 3.3-3.5 show the matching summaries of treated, untreated and higher 

level matchsets. Table 3.3 shows the maximum number of spots in the treated matchset to 

be 515, with the master gel being trial 3. While table 3 .4 shows an untreated matchset 

with 586 spots with master gel being trial 9. Table 3.5 illustrates the higher level 

matchset which compares the above two master gels, with master gel being the untreated 

gel. It was surprise to note that only 100 spots from a total of 515 spots from the treated 

master gel were found to be matching with those in the untreated master gel having 586 

spots. On visualizing the matchset after such matching and performing a manual 

comparison it was evident that the software was not able to detect and match all the spots 

that it was suppose to. Reason for such small amount of spots being match can be 

explained using Figure 3 .15, which shows the overlap of the untreated and treated gel. 

Here we can notice that there is no perfect overlap of the spots on one another, warping 

of such gels was hard to do and finally the detection of spots in such case would give us 

the wrong results. This problem was overcome by choosing the liberal value O in the 

primary matching and choosing a classic method of matching where more number of 

spots can be matched even if they are short distance away from the ideal position. Since 

this kind of matching could lead to false matches also, a manual check was done by 

magnifying each region of the match set gel to see whether each spot was matched to its 

corresponding spot in the other gel. Tables 3.6-3.8 illustrate the matching summaries of 

the matchsets of treated, untreated and higher level matchset after changing the protocol. 

Table 3.6 shows that the maximum number of spots in the treated match set was found to 

be 693, with the master gel being trial 3. Table 3.7 shows the maximum number of spots 

in the untreated match set was found to be 804, with master gel being trial 3 and Table 
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3.8 shows the results of higher level matchset, comparing the two master gels, with 

maximum spots matching to be 468 spots. A great deal of difference thus can be seen in 

the number of spots that were matched before and after changing the protocol. Finally, 

this protocol was followed for quantifying the spots for the rest of the experimental part. 

Section 4.3: Dual Channel Imaging: 

A more visual representation of matching can be seen in the multi channel 

viewer' in Figures 3.13-3.15. Changes in the protein patterns are reflected in the global 

response to the damage caused in the cell. Figure 3.13 is the untreated master gel that was 

assigned a false green color. Figure 3.14 shows the treated master gel, which was 

assigned red color. These two gels were overlayed on one another to see whether the each 

spot was matched with its corresponding spot. Figure 3.15 shows the results of the 

overlap gels. It was surprise and important to notice the protein pattern in the gel. Three 

fourth of the top image shows, that most of the proteins spots were shifted downwards 

and towards more acidic region when compared to its original position. The lower one 

third region of the gel starting with three spots in a line shows a shift in the spots to a 

more acidic region without any up or downward shift. The rest of the lower part of the gel 

shows that, most of the protein spots were shifted upwards and towards more acidic 

region than its original position. 

Despite the fact that modified Bradford assay was performed on all the samples 

so that each gel could be loaded with the same 255 µg amount of protein each time, the 

shift in the spots were seen when compared to the untreated gel. Also, seeing the 

matching summaries of the higher level match sets in Figure 3.8, more spots were seen in 
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the untreated gel than the treated and finally the intensity of spots in the treated gel when 

compared to the untreated gel, as marked in the dual channel image in Figure 3 .15 was 

found to be more. Figure 4.13 shows a 3D view of the protein spots that was marked in 

the Figure 3.15. The protein spot in the treated gel (Figure 4.13A) is shown to be more 

intensely colored than the corresponding spot in untreated gel (Figure 4.13B). Thus, 

keeping all the above facts in mind, one can conclude that these spots appearing to be 

differentially expressed with up and down regulation and with a shift towards more acidic 

region are the effects of triclosan action. 

Section 4.4: Shift in the protein spots: 

One reason for the shift of protein spots towards lower pl is the inhibition of 

peptide deformylase enzyme, as discussed by Bandow and et al 2 in their work with 

Actinonin. In bacterial protein biosynthesis, formyl methionine is incorporated always 

into nascent proteins as the first amino acid. Peptide deformylase is needed later to 

remove this N-terminal formyl residue from the polypeptide chains. This function is 

essential for the bacterial survival. Actinonin inhibits the peptide deformylase and 

produces a characteristic protein shift to more acidic region. This evidence helps us to 

conclude that the shift in the pl is caused by carrying the N-terminal formyl residue 

which under normal conditions is removed by peptide deformylase. Another example of 

Actinonin action can be seen in the work done by Apfel and et al 3 on H. influenza. 

Analysis of 2D pattern showed that the pl of the proteins was shifted to more acidic 

region as seen in Figure 4.1 and 4.2. Warping of the two gel images therefore becomes 
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difficult task since the position of many spots had greatly shifted to a more acidic pl. This 

can be clearly seen in figure 3.15. 

Section 4.4: Higher level match set: 

Higher level match set is one of the ways by which we can compare the two lower 

level master gel images. A higher level match is created using the control gel as template. 

It acts as template for both triclosan-treated and untreated gel images. Automated and 

manual matching was done in similar way as described above. Figures 3.16-3.19 show a 

higher level matchset. A detail analysis of the gel had to be done by magnifying each part 

of the gel to verify if the matched spots were matched to the correct corresponding spots 

in the other gel. Figure 3. 16 shows a magnified view of a part of a gel. Green letters 

represents those spots that were present in both untreated and treated master gels. The red 

circles indicate that there was no match for that spot. Manual matching resulted in some 

spots that could be matched as seen in figure 3.16 as yellow letters in green blocks. The 

blue arrows indicate the set of spots were manually checked. The letters in the blue 

blocks indicate that those spots were absent in triclosan-treated master gel. Text overlay 

feature was used to differentiate the spots that were present but were not resolved, as seen 

in figure 3 .1 7. It seemed that most of the protein spots disappeared from the upper one 

third part of the gel (figure 3.18) because of the triclosan ac6vity. Some of the spots that 

showed up as big clustered spots before the antibiotic activity resulted in small single 

spots after the triclosan activity. Symbol psi ('It) in figure 3.17 represents new spots that 

can be seen only in triclosan treated, but not in untreated gels. These protein spots might 

have been produced in response to triclosan stress, which may have a specific or more 
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general protective function against stress. Some of the other new spots were also seen on 

the treated master gel. 

One of the spots among them was found to be a potential biomarker spot or 

differential protein in figure 3.29, which was different from other spots in being more 

intensely stained and upregulated. This could be the result of the post translational 

modifications. The only way to know about the activity of that protein was to do mass 

spectrometry analysis and do the sequence of the protein. The results from this analysis 

can be compared in the protein database to find the activity of the protein. Therefore the 

spot was excised and sent for the analysis. Thus, once the activity and role of the protein 

is known, one can know as to what mode of action did triclosan had on the protein 

activity. One can find the mode of action of various existing drugs and also discover new 

biomarkers for the future discovery of the antibiotics to target the resistant proteins. 
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Figure 4.1: Newly induced proteins in response to Actinonin treatment 

(As seen in red color) 

Circles show the shift of the spots to a more acidic pl after Actinonin treatment.2 
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Figure: 4.2: Shift in proteins pl can be seen as a result of Actinonin action. Figure A 

shows 2D gel of control culture. Figure B shows 2D gel after the addition of deformylase 

inhibitor actinonin. The red circles indicate the shift in the protein spots from its normal 

position. 3 
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Figure 4.3: Three Dimensional view of the marked spot in the figure 3.15. 

A) 3D view of the spot from the Treated master gel that was excised for MS analysis 

B) 3D view of the corresponding spot from the Untreated master gel. 
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