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ABSTRACT 

 

 

Aeromonas is a ubiquitous aquatic bacterium that causes serious infections in 

both cold- and warm-blooded animals, including humans. Various researchers have 

reported the production of an inhibitory substance that shows antimicrobial activity 

against different indicator bacteria. Here we present a case where an environmental 

isolate of Aeromonas salmonicida, designated as Aeromonas strain 92, produces a 

bacteriocin-like substance (BLS) that is negatively regulated by the presence of iron. 

Various properties associated with Aeromonas strain 92 BLS were determined and its 

proteinaceous nature was established. The bacteriocidal/bacteriostatic mode of action 

of BLS against the indicator bacterium Serratia marcescens was successfully 

demonstrated. A sodium dodecyl sulfate – polyacrylamide gel electrophoresis (SDS-

PAGE) analysis between high-iron and low-iron culture conditions and Matrix 

Assisted Laser Desorption Ionization – Time Of Flight (MALDI-TOF) MS/MS 

analysis determined that BLS is likely to be the AsaP1 protein, a metallo-

endopeptidase. This protein is highly expressed during the low-iron condition and 

displays antimicrobial activity against several different indicator bacteria. The gene 

encoding AsaP1 was ligated into the pBAD202 vector and was successfully 

transformed into Escherichia coli competent cells. The total lysate of a transformant 

shows antimicrobial activity against the indicator bacterium, but the expression of 

recombinant AsaP1 protein under L-arabinose induction couldn’t be verified by SDS-

PAGE.  
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Bacteriocins 

Bacteriocins are ribosomally synthesized antimicrobial peptides of bacterial 

origin. Some bacteriocins are small peptides made up of 19 to 37 amino acids, 

whereas others are large-molecular-mass peptides up to 90,000 Da (Joerger, 2003). 

These are extracellular molecules with a bacteriocidal or bacteriostatic nature, usually 

exhibiting actions against closely related strains (Martinez-Cuesta et al., 2000). In 

some cases, they are also active against more distant species (Klaenhammer, 1993; 

Jack et al., 1995). The sequence, structure and mechanisms of activity of bacteriocins 

are diverse. Some bacteriocins function by forming ion channels in the cytoplasmic 

membrane, whereas others perform nuclease activity upon gaining entry into the host 

cell or degrading the host membrane (Pugsley, 1984). Findings suggest that bacterial 

protein toxins such as bacteriocins may also prove to be broad spectrum antagonists 

(Rasool and Akhter, 1992; Rasool et al., 1993). Recent developments in biochemical 

and molecular biological techniques have led to the elucidation of several aspects of 

the regulation, production, processing, secretion, structure and mode of action of 

bacteriocins. Bacteriocins differ from therapeutic antibiotics because of their 

proteinaceous, ribosomally synthesized nature and possession of a narrow specificity 

of action against strains of the same or closely related species (Tagg et al., 1976). The 

widespread resistance of bacterial pathogens to conventional antibiotics has motivated 

INTRODUCTION 

   CHAPTER I 
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the use of alternative means such as natural microbial inhibitors or bacteriocins (Chen 

and Hoover, 2003). 

There has been much research on characterization of bacteriocins from 

different bacteria. The process of modifying bacteriocins with the help of protein 

engineering for generating better molecules has also been carried out (Rollema et al., 

1995). Bacteriocins have been studied for improving food preservation, agricultural, 

cosmetic, pharmaceutical and veterinary applications (Chen and Hoover, 2003; Kerr, 

1981). Commercial use of the bacteriocin nisin in food preservation has already been 

adopted in more than 50 countries (Cintas, 2001). To date, bacteriocins have been 

characterized in numerous biochemical and genetic studies. However there are still 

ongoing searches for novel bacteriocins with new and unique properties (Nes and 

Diep, 2002).  

 

Diminishing Effectiveness of Antibiotics 

Antibiotics are a class of molecules produced by microorganisms that kill 

(bactericidal) or slow the growth of (bacteriostatic) bacteria. Ever since the discovery 

of antibiotics, they have been regularly used to counteract different diseases. The 

discovery of antibiotics is certainly one of the great advances in medicine, but 

overprescribing them has now resulted in the development of resistant bacteria not 

responding to antibiotics that may have worked in the past. After some time these new 

strains spread in the environment and the antibiotic is no longer effective as a 

therapeutic agent for these bacteria. The Institute of Medicine (IOM) and the Centers 

for Disease Control and Prevention (CDC) have identified antibiotic resistance as one 
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of the world’s most pressing public health threats and a major public health problem in 

United States, caused by inappropriate use of antibiotics (Smolinski et al., 2003). Over 

the last 20 years, the threat from infectious disease has been constantly on the rise. In 

the present scenario, the emergence of antibiotic-resistant bacteria is rapid and 

bacterial infections are becoming more difficult to treat. At present, 70% of 

nosocomial infections are resistant to one or more antimicrobial drugs that previously 

were effective against the causative pathogens. Pathogenic bacteria that possess 

virulence and ability to develop antibiotic resistance include Staphylococcus aureus, 

Enterococcus spp., members of the Enterobacteriaceae, Pseudomonas aeruginosa, 

and Acinetobacter species (Carmeli et al., 2008). Methicillin resistance patterns in S. 

aureus emerged in the healthcare setting and have now moved into the community. 

Vancomycin resistance in Enterococcus is frequently seen, and vancomycin resistance 

in methicillin-resistant S. aureus is a public health threat (Carmeli et al., 2008). 

There are several reasons behind the emergence of antibiotic-resistant 

pathogens. Horizontal gene transfer in the environment is a primary source of bacterial 

antibiotic-resistance development (Koonin et al., 2001; Dzidic and Bedekovic, 2003). 

Studies of biofilm formation in bacteria show its importance in antibiotic resistance 

development in the community (Davies et al., 1998). The intentional/unintentional use 

of genetic engineering for development of genetically modified microorganisms either 

for research purposes or for biological warfare also contributes to concern about the 

antibiotic susceptibility of pathogens (Gilligan PH, 2002; Johnston and Conly, 2001). 

Following random mutation or resistance gene acquisition, the modified genes may 

produce an enzyme that destroys the antibacterial drug, express efflux systems that 
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stop the drug from reaching its intracellular target, modify the drug’s target site, or 

modify the metabolic pathway to bypass the action of the drug as some basic ways of 

confirming resistance in pathogens (Tenover, 2006). One of the simple but dangerous 

ways of creating such antibiotic-resistant pathogens is the irresponsible use of 

antibiotics by humans. The overuse of antibiotics in the meat and poultry industries for 

the motive of high business productivity has increased the emergence of many 

antibiotic-resistant pathogens (Graham et al., 2007). Similarly, the misuse of antibiotic 

through wrong prescriptions by health workers has also added to these problems 

(Neuhauseur et al., 2003). Despite the high emergence of new antibiotic-resistant 

pathogens in recent years, there has been less progress on new antibiotic research and 

development. Pharmaceutical companies have largely shifted their business interests 

to products other than antibiotics. Over the last 20 years, the approval of new 

antimicrobial agents has decreased by 56% (1998–2002 vs. 1983–1987) (Spellberg et 

al., 2004).  Between 1940 and 1970, there were 10 different classes of antibiotics 

discovered and brought into the market (Conly and Johnston, 2005). Similarly 

between the years 1983 to 2007, there were 55 new antibacterial molecular entities 

approved by USFDA. But if we look at the trend of new antibacterial agents approved 

by USFDA in a time interval of 5 years, the rate seems to be declining (Figure 1). 

Spellberg et al. (2004) suggested that current antimicrobial drug development 

is insufficient to meet society's needs and that a solution is to establish a continuum of 

development of novel antibacterial agents. This would require exploration and 

discovery of new antimicrobial agents in an effort to resurrect the diminishing trend of 

antibiotic production. 
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Bacteriocin and Iron Availability: Medical Significance 

Iron is one of the essential elements for bacteria to grow. Bacteria produce 

siderophores to collect iron from the external environment (Wooldridge and Williams, 

1993). A similar behavior of iron-regulated bacteriocin production has been observed 

and discussed previously in Escherichia coli (Chehade and Braun, 1988). They noted 

the increase in production of bacteriocin when the bacteria were grown in an iron-

starved condition. These iron-regulated bacteriocins are listed in the group microcin II, 

a low-molecular-mass (< 10-kDa) protein e.g., Mcc V and MccE492 (Duquesne et al., 

2007). Different reasons have been put forward in the recent years about the evolution 

of microcins. An important virulence trait in pathogenic bacteria is their ability to 

acquire iron when attempting to establish themselves in extra-intestinal sites (Ratledge 

and Dover, 2000). Given the fact that microcins are produced during the low-iron 

condition, Gordon and O'Brien suggested that microcins are possessed by pathogenic 

bacteria to provide themselves with an advantage during extra-intestinal infection 

(Gordon and O'Brien, 2006). They further suggested that possession of microcin-

encoding genes is probably a strategy for the pathogenic bacteria to compete with 

sensitive cells for the gain of iron from the surrounding environment. Skyberg et al. 

(2006) described the presence of a microcin-encoding gene in the avian pathogenic E. 

coli large conjugative plasmid pAPEC-O2-ColV and suggested an association between 

microcin V and E. coli pathogenicity (Skyberg et al., 2006; Gordon, 2009). 
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The Genus Aeromonas 

Species of Aeromonas are ubiquitous Gram-negative, non-spore-forming, rod-

shaped, facultatively anaerobic bacteria autochthonous to aquatic environments. 

Aeromonas can metabolise glucose during respiration and fermentation (Garrity et al., 

2005), reduce nitrate to nitrite, and utilize carbohydrates with production of acid and 

acid with gas (Hazen et al., 1978). Aeromonas shares many biochemical 

characteristics with members of the Enterobacteriaceae except that it is oxidase 

positive. The genus Aeromonas was earlier placed in the family Vibrionaceae (Popoff, 

1984) but later placed in the new family Aeromonadaceae (Colwell, MacDonnell and 

De Ley, 1986). In terms of habitat, Aeromonas are isolated from nearly all aquatic 

environments: fresh and brackish water sources, streams, rivers and intertidal regions 

worldwide, many gradients of water salinity, pH and temperature, polluted and 

unpolluted water sources (Burke et al., 1984; Hazen et al., 1978). The genus includes 

at least 24 genospecies, among which are the mesophilic A. hydrophila, A. caviae, A. 

sobria, A. veronii, and A. schubertii, and the non-motile, psychrophilic A. salmonicida 

(Janda and Abbott, 2010). Aeromonads cause fish diseases as well as serious diseases 

in both immunocompromised and non-immunocompromised human populations 

(Carnahan and Joseph, 2011). 

Aeromonas has been classified as an opportunistic human pathogenic 

bacterium. The virulence factors produced by Aeromonas include aerolysin, 

hemolysin, proteases, glycero-phospholipid:cholesterol acyltransferase (GCAT), 

lipases (Pemberton et al., 1997; Wong et al., 1998; Janda, 2001), cytotoxic 

enterotoxins designated Act, Ast and Alt (Chopra et al., 2000) which are secreted via a 
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type II secretion system (Galindo et al., 2004.), type III secretion system and 

associated effectors AexU (Sha et al., 2005), type IV secretion system, type VI 

secretion system, S-layer, polar flagella, and lateral flagella (Thomas and Trust, 1995; 

Altarriba et al., 2003). Virulence in A. hydrophila is complex and involves multiple 

virulence factors which may work in concert (Yu et al., 2005). Little is known 

regarding the virulence factor regulatory network in Aeromonas. Two common 

diseases caused by Aeromonas are gastroenteritis and wound septicemia. In rare cases, 

Aeromonas are also found associated with serious diseases like pneumonia, 

myonecrosis, osteomyelitis, cholecystitis and meningitis (Janda and Duffey, 1988; 

Nichols et al., 1996; Parras et al., 1993). Aeromonas has been associated with many 

animal diseases. Aeromonas salmonicida infection causes furunculosis, septicemia and 

hemorrhage in fish (Austin and Adams, 1996). Mesophilic species such as A. 

hydrophila cause similar septicemic diseases (Joseph and Carnahan, 1994). 

Aeromonas also causes “red leg” disease in frogs (Hird et al., 1983). Aeromonas can 

infect dogs (Andre-Fontaine et al., 1995), reptiles (Esterabadi et al., 1973), and has 

been isolated from farm animals (Gray et al., 1990). 

 

Aeromonas and antibacterial activity 

Aeromonas has been studied for its ability to inhibit growth of other bacteria 

when grown in close proximity. There are studies in which the production of an 

inhibitory substance from Aeromonas has been found to inhibit a number of different 

bacteria. The first research describing the antagonistic activity of Aeromonas was 

performed by Moro et al. (1997). Their research examined 32 different isolates of 
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Aeromonas for the production of an inhibitory substance. They were able to find one 

strain that showed an inhibitory effect against isolates of Staphylococcus aureus. In 

similar studies performed by Gibson et al. (1998), three strains of Aeromonas media 

were isolated that produced a bacteriocin-like substance (BLS) inhibiting growth of 

other Aeromonas strains. The same bacteriocin-like substance also showed an 

inhibitory effect against other bacterial genera, including eight strains of Vibrio, 

Yersinia ruckeri, and Listonella anguillarum. Their research showed the broad 

spectrum of the bacteriocin effect. Their idea was to check whether A. media could 

prevent death of oyster larvae challenged with Vibrio tubiashii. Subsequently, the 

probiotic A. media could then be used to save oyster larvae infected with Vibrio, 

which was causing heavy economic losses for the oyster-producing industry. In a 

subsequent study, the probiotic capabilities of the strain were found to be very 

effective against the water mold Saprolegnia sp., a common pathogen of eels (Lategan 

and Gibson, 2003). Bondi et al. (2000) isolated thirty water isolates of A. hydrophila 

and tested for the production of BLS along with virulence profiles and antibiotic 

resistance. Their findings suggested that A. hydrophila produces a heteroinhibitory 

substance that inhibited growth of non-taxonomically related genera such as Listeria 

seeligeri NCTC 11856, L. welshimeri NCTC 11857, L. ivanovii NCTC 11846, and S. 

aureus ATCC 25923. Messi et al. (2003) tested 30 A. hydrophila strains for 

production of bacteriocin-like substance using a target panel of closely related 

microorganisms and other Gram-positive and Gram-negative bacteria, including food-

borne pathogens. All 30 A. hydrophila strains were found to produce an antibacterial 

substance against one or more Staphylococcus strains, five against Listeria spp., and 
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eight presented a weak antagonistic activity towards Streptococcus agalactiae and 

Lactobacillus spp. They found a gradual increase of the inhibition zone during 

incubation against Staphylococcus. The different research studies performed to date 

have all described the antibacterial activity of BLS in different target microorganisms. 

There has not been any research describing the nature and property of this molecule 

and its mechanisms of action. 

 

Iron and Aeromonas Bacteriocin Production 

Here we report a case in which an environmental isolate of Aeromonas, strain 

92, produces a proteinaceous substance in iron-deficient growth conditions that shows 

antimicrobial activity when grown in close proximity with the indicator bacterium 

Serratia marcescens. This strain was isolated from sediment from the north fork of the 

Brazos River in West Texas. Based on gyrB sequence analysis, Aeromonas strain 92 is 

most closely related to A. salmonicida subsp. pectinolytica (Huddleston, 2008). This is 

the first report of iron-regulated bacteriocin production in Aeromonas. This has led us 

to hypothesize that this protein might be a siderophore that is also acting as a 

bacteriocin-like substance. It is equally possible that expression of the supposed 

bacteriocin gene may be controlled by an iron-binding regulatory protein like the Fur 

protein (Schäffer et al., 1985). This proposed study will investigate the antimicrobial 

agent produced by this strain of Aeromonas responsible for the inhibitory property.  

 

 

 

http://www.ncbi.nlm.nih.gov/pubmed?term=Sch%C3%A4ffer%20S%5BAuthor%5D&cauthor=true&cauthor_uid=2993806
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Justification 

The development of antibiotic resistance in pathogenic bacteria has led to a 

search for novel classes of antimicrobial drugs. Different alternative strategies to treat 

bacterial diseases are being developed. One of the strategies is the use of bacteriocin 

molecules. The study of Aeromonas strain 92 BLS will provide insight into two 

important research concepts. First, there have been studies to characterize the BLS 

production in genus Aeromonas, but they have not yet come up with solid knowledge 

about the identity of the protein. This study will look at the nature of the BLS encoded 

by Aeromonas strain 92. This research will thus benefit the current search for a novel 

class of antimicrobial molecules against the growing rate of development of antibiotic-

resistant bacteria. The other concept which has been recently brought to light is the 

involvement of low-molecular-mass bacteriocins in pathogenesis (Ratledge and 

Dover, 2000; Gordon and OBrien, 2006; Skyberg et al., 2006; Gordon, 2009). The 

observed antimicrobial activity of Aeromonas strain 92 BLS shows a relationship with 

iron availability, similar to the microcin present in E. coli. Based on the observed 

phenomenon and available records, I hypothesize that Aeromonas strain 92 carries a 

broad-range BLS gene that is regulated by the presence of iron similar to E. coli 

microcin. Once fully understood, the observed contemporary behavior between the 

BLS and iron acquisition may have a pharmacological value, both in terms of 

developing an antibiotic drug and/or targeting the iron-gathering molecules during 

Aeromonas pathogenesis. 
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Research Hypotheses 

• The bacteriocin-like substance produced by Aeromonas salmonicida strain 92 is a 

protein that is negatively regulated by iron availability. 

• The bacteriocin-like substance produced by Aeromonas salmonicida strain 92 is 

similar in amino acid sequence to Escherichia coli microcin. 

 

Research Objectives 

This research will be focused on working on three main objectives:  

• Research objective 1: Define the properties of Aeromonas strain 92 BLS and 

optimal conditions for its inhibitory activity. 

• Research objective 2: Molecular mass determination by SDS-PAGE and sequence 

analysis by mass spectroscopy.  

• Research objective 3: Cloning of the putative bacteriocin gene and expression of 

recombinant protein in suitable competent cell. 
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Figure 1.1: Trend of new antibacterial agents approved by USFDA 

(Source: The Epidemic of Antibiotic-Resistant Infections: A Call to Action for the Medical 

Community from the Infectious Diseases Society of America) 
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Materials 

Strain and Media 

Aeromonas strain 92 was used throughout this study. Stock cultures of 

Aeromonas strain 92 were maintained at −80°C in Luria broth supplemented with 15% 

glycerol. Working cultures, maintained at 4°C on Luria agar, were prepared monthly 

from frozen stock cultures. King’s B medium [peptone 20 g, K2HPO4 1.5 g, 

MgSO4.7H2O 1.5 g, 10 ml of glycerol and distilled water (dH2O) volume to 1 L], a 

low-iron medium, was used to grow Aeromonas strain 92. The following media: 

Tryptic Soy Broth (TSB) (tryptone 17.0 g, soytone 3.0 g, dextrose 2.5 g, NaCl 5.0 g, 

K2HPO4 2.5 g, dH2O volume to 1 L); Luria Broth (LB) (tryptone 10 g, NaCl 10 g, 

yeast extract 5 g, and dH2O volume to 1 L); Tryptic Soy Agar (TSA) (tryptone 17.0 g, 

soytone 3.0 g, dextrose 2.5 g, NaCl 5.0 g, K2HPO4 2.5 g, agar 15 g  and dH2O volume 

to 1 L); Luria Broth (LB) agar plates (tryptone 10 g, NaCl 10 g, yeast extract 5 g, agar 

15 g and dH2O volume to 1 L); S.O.C. (tryptone 20 g, yeast extract 5 g, 2 mL of 5 M 

NaCl, 2.5 mL of 1 M KCl, 10 mL of 1 M MgCl2, 10 mL of 1 M MgSO4, 20 mL of 1 

M glucose, and dH2O volume to 1 L) mediums were used in this study.  

 

 

 

       CHAPTER II

MATERIALS AND METHODS 
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Aeromonas strain 92 genomic DNA was extracted with the AquaPure Genomic 

DNA Isolation Kit (BioRad, Hercules, CA). GoTaq® Green Master Mix, 2X 

(Promega, Madison, WI) was used for the amplification of the asaP1 gene by the 

polymerase chain reaction (PCR). The PureYield Plasmid miniprep kit (Promega) was 

used for isolation of plasmid. A QIAquick gel extraction kit (Qiagen, Valencia, CA) 

was used for the purification of the PCR product from the agarose gel. A pBAD202 

cloning kit (Invitrogen, Carlsbad, CA) was used for the cloning of the amplified PCR 

product into the pBAD202 vector. A pBAD Directional TOPO® Expression Kit 

(Invitrogen) was used for expression of the asaP1 gene obtained from Aeromonas 

strain 92 in One Shot TOP10 competent cells (similar to the E. coli DH10B™ strain; 

Invitrogen). 

 

PCR Conditions 

The primers designed for the amplification of asaP1 gene were, Forward 5'-

CACCCGCAGGGCTCGATGCCCAAC-3' and Reverse 5'-

TCAGTTTTCGCTCGGGGTATTCTC-3'. The following conditions were used with a 

Robocycler Gradient 96 Thermocycler (Stratagene, La Jolla, CA.):  1 cycle of 95˚C 

for 2 min, 30 cycles of 95˚C for 1 min, 53˚C for 30 sec, 72˚C for 1 min 5 sec, and 1 

cycle of 72˚C for 5 min.  

 
Agarose Gel Electrophoresis 

A 0.7% agarose gel (0.35 g of agarose, 50 mL of 0.5X TAE buffer and 3 μg of 

ethidium bromide) was prepared. A 50X TAE stock solution contains 242 g of Tris 

DNA Isolation, Purification and Cloning Kits
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base, 57.1 mL of glacial acetic acid and 100 mL of 500 mM EDTA (pH 8.0) in a total 

volume 1 L. DNA samples were mixed 1:1 with loading dye (BioRad) and loaded on 

the well. The gel was run at a constant voltage of 60 V for approximately 90 min.  

 

Sodium Dodecyl Sulfate-Polyacrylamide Gel Electrophoresis 

A 10% bis:acrylamide gel [10 mL of 4X resolving buffer (1.5 M Tris pH 8.8, 

0.4% SDS, dH2O volume to 100 mL), 10 mL of bis:acrylamide (1:29), 20 mL of H2O, 

450 µL of 10% SDS, 30 µL of TEMED and 630 µL of 10% ammonium persulfate] 

and 15% bis-acrylamide gel [10 mL of 4X resolving buffer (1.5 M Tris pH 8.8, 0.4% 

SDS, dH2O volume to 1 L), 10 mL of bis:acrylamide (1:29), 20 mL of H2O, 450 µL of 

10% SDS, 30 µL of TEMED and 630 µL of 10% ammonium persulfate] were 

prepared. A 5% stacking gel [6 mL of 4X stacking buffer (0.5 M Tris pH 6.8, 0.4% 

SDS, dH20 volume to 100 mL) pH 6.8, 3 mL of bis:acrylamide (1:29), 12 mL of H2O, 

300 µL of 10% SDS, 20 µL of TEMED and 375 µL of 10% ammonium persulfate] 

were prepared. A vertical electrophoresis unit (Hoefer, Scientific Instruments Model # 

SE400, CA) was assembled and filled with 95% ethanol to check for leaks; then the 

ethanol was poured off and the gel apparatus was dried with an air hose. The 

polymerizing agents TEMED and ammonium persulfate were added immediately 

before pouring the gel. The resolving gel was quickly poured up to a height of 1.5 cm 

below the comb, layered with 50:50 (vol/vol) mixture of isobutanol:dH20, and allowed 

to polymerize for approximately 20 min. Isobutanol above the resolving gel was 

decanted, and the top of the gel was rinsed with dH20. Then, the stacking gel was 
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poured above the resolving gel, the comb was inserted, and the gel was allowed to 

polymerize for approximately 20 min. 

Protein samples were mixed (1:1) with protein loading buffer (6.85 mL of 0.5 

M Tris, 50% glycerol, 0.5% bromophenyl blue, 10% SDS and 0.25 % β-

mercaptoethanol) in a centrifuge tube and incubated at 100
o
C for 5 min. The samples 

were centrifuged 8,000 rpm for 30 sec and loaded into the appropriate wells on the gel.  

The electrophoresis cell was rinsed with distilled water. The SDS-PAGE gel 

was inserted into the electrophoresis cell and running buffer (250 mM Tris Base, 250 

mM glycine, 0.1% SDS, volume to 500 mL dH2O) was poured into upper and lower 

reservoirs. The voltage of the power source (FisherBiotech FB 600) was set to 200 V, 

current at 13 mA, and the run time was approximately 13 h. The run was stopped 

when the tracking dye line approached the bottom of the gel. 

The gel was transferred to Coomassie Brilliant Blue staining solution (0.04% 

Coomasie Blue, 25% isopropanol, 10% acetic acid, volume to 250 mL dH2O) and 

placed at room temperature on a shaking rotor for 6 h. The gel was then washed twice 

with destaining solution (10% acetic acid, 10% methanol, volume to 1 L dH2O), 

soaked in destaining solution and placed on the a rocking platform for 16 h. The gel 

was then washed twice with dH2O.  

 

Agar Well Diffusion Assay 

Serratia marcescens was used as an indicator strain to screen for the inhibition 

by BLS. In general 100 μL of 10
-3

 dilution of overnight-grown indicator bacteria were 

mixed with 3 ml of soft agar and overlaid on TSB medium. After the soft agar 
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solidified, wells were cut out with a sterile plastic punch. Then, 80 μL of supernatant 

from overnight-grown Aeromonas strain 92 were added to each well and the plates 

were incubated for 24 h. A zone of inhibition was seen through visual inspection. This 

is a clear region where BLS protein has inhibited Serratia in contrast to the rest of the 

area which is red in color. 

 

Trend of Serratia marcescens Growth in Presence of Crude BLS 

An experiment was conducted to optimize the conditions for the inhibitory 

activity of BLS. One hundred μL of an overnight-grown culture of Aeromonas strain 

92 were inoculated in a flask containing 10 mL of King’s B medium and incubated at 

30
o
C, 160 rpm for 24 h. The total volume was centrifuged at 12,500 rpm, 4

o
C for 15 

min (Sorvall RC 5C plus, Thermo Scientific). The supernatant was carefully pipeted 

from the pellet. The cell-free supernatant was filtered through a nitrocellulose filter 

with a 0.45-μm pore size (GE Infrastructure). A colony of Serratia marcescens was 

inoculated in 5 mL of TSB and incubated at 30
o
C, 160 rpm for 16 hrs. 

The experiment was conducted in four tubes. The tubes contained a constant 

number of Serratia marcescens cells while increasing concentration of BLS as shown 

in Figure 1. The total volume of the tubes was adjusted to 5 mL by adding TSB. The 

contents of each of four tubes were: 

- Tube 1: 4.9 mL TSB, 0.1 mL overnight-grown S. marcescens and 0 μl of cell-free 

supernatant. 

- Tube 2: 4.65 mL TSB, 0.1 mL overnight-grown S. marcescens and 250 μl of cell-

free supernatant. 
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- Tube 3: 4.4 mL TSB, 0.1 mL overnight-grown S. marcescens and 500 μl of cell-free 

supernatant. 

- Tube 4: 3.9 mL TSB, 0.1 mL overnight-grown S. marcescens and 1000 μl of cell-

free supernatant. 

The initial viable count of S. marcescens colony-forming units (cfu) per 100 μl 

was calculated. The initial concentration of total proteins in the cell-free supernatant 

was also estimated by the Bradford assay (Bradford, 1976). 

The tubes were kept in a shaking incubator at 30
o
C, 160 rpm over a period of 

12 hrs. One hundred μL of sample were taken out of each of the four different tubes to 

count the total number of viable Serratia marcescens after 6 h, 10 h, and 14 h. The 

samples were diluted to an appropriate factor, and 100 μL of the dilution factor was 

mixed with 3 mL of soft agar and overlaid on a Tryptic Soy Agar (TSA) plate. The 

numbers of S. marcescens grown were counted on the TSA plate. The bacterial count 

was used to calculate the number of bacteria per mL present in the original tubes.  

 

Effect of Temperature on BLS Production 

Aeromonas strain 92 was first grown overnight in King’s B medium at 30
o
C. 

Twenty μL of the overnight culture were added to seven Erlenmeyer flasks (50 mL 

volume), each containing 10 mL of King’s B medium. Then, the tubes were incubated 

at different temperatures of 4
o
C, 15

o
C, 25

o
C, 30

o
C, 37

o
C, 45

o
C and 55

o
C in a rotary 

shaker at 160 rpm for 36 h. Four hundred μL of cultures from all seven flasks were 

transferred to separate 1.5-mL microcentrifuge tubes (Fisher Scientific) after 18 h, 24 

h and 36 h. The cultures were then centrifuged at 12,500 rpm, 4
o
C, and the supernatant 
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was decanted from the pellet (Centrifuge 5418, Eppendorf). Agar well diffusion assays 

were performed with the harvested culture supernatants. 

Effect of pH on BLS Production 

Aeromonas strain 92 was grown overnight in King’s B medium at 30
o
C and 

pH 7.2. Ten mL of King’s B medium were added on each of seven different 

Erlenmeyer flasks. The pH value was adjusted to 4, 5 6, 7, 8, 9, and 10 by adding 10 N 

HCl and/or 10 N NaOH to these flasks (PHM 82 Standard pH meter, Radiometer 

America Inc, OH). Twenty μL of the overnight culture were added on each of seven 

flasks. The flasks were incubated at 30
o
C in a rotary shaker at 160 rpm over a period 

of 36 h. Four hundred μL of culture from each flask were transferred to a 

microcentrifuge tube after 18 h, 24 h and 36 h. The cultures were then centrifuged at 

12,500 rpm, 4
o
C and the supernatant was harvested. Agar well diffusion assays were 

performed with the harvested culture supernatants. 

 

Effect of Temperature on BLS Activity 

To examine the thermal stability of crude BLS, 170 μL of overnight-grown 

Aeromonas strain 92 were inoculated into a flask containing 17 mL of King’s B 

medium and incubated at 30
o
C for 24 h. The total culture was centrifuged at 12,500 

rpm, 4
o
C for 15 min (Sorvall RC 5C Plus, Thermo Scientific). The supernatant was 

carefully pipetted from the pellet. The cell-free supernatant was further filtered 

through a nitrocellulose filter with a pore size of 0.45 μm (GE Infrastructure). The 

BLS-containing supernatant was divided into six test tubes with each tube containing 

3 mL of supernatant. These six tubes were incubated at six different temperatures of -
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20
o
C, 4

o
C, 40

o
C, 60

o
C, 80

o
C and 100

o
C over a period of 12 h. Agar well diffusion 

assays were performed with the temperature-treated filtered supernatants after 1 h, 3 h 

and 5 h. 

 

Effect of pH on BLS Activity 

To examine the effect of different pH values on stability of crude BLS, 220 μL 

of an overnight culture of Aeromonas strain 92 were inoculated into a flask containing 

22 mL of King’s B medium and incubated at 30
o
C and pH 7.2 for 24 h. The total 

culture was centrifuged at 12,500 rpm, 4
o
C for 15 min (Sorvall RC 5C Plus, Thermo 

Scientific). The supernatant was carefully decanted from the pellet. The cell-free 

supernatant was further filtered through a nitrocellulose filter with a 0.45-μm pore size 

(GE Infrastructure).  The total filtrate was divided into seven test tubes with each 

containing 3 mL of supernatant. The pH of the different tubes was adjusted to 4, 5, 6, 

7, 8, 9 and 10 with the addition of 10 N HCl and/or 10 N NaOH (PHM 82 Standard 

pH meter, Radiometer America Inc, OH). Agar well diffusion assays were performed 

with the pH-treated filtered supernatants at 1 h, 3 h, and 5 hr. 

 

Antimicrobial Activity of BLS Against Different Bacteria 

The inhibitory effect of BLS produced by Aeromonas strain 92 was assessed 

against different Gram-positive and Gram-negative bacteria. The following indicator 

bacteria were obtained from Texas Tech University microbiology teaching lab stock 

cultures: Enterobacter aerogenes, Escherichia coli, Klebsiella pneumoniae, Proteus 

vulgaris, Pseudomonas aeruginosa, Salmonella enterica, Serratia marcescens, 
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Bacillus pumilus, Enterococcus faecalis, Micrococcus luteus, Mycobacterium 

smegmatis, Staphylococcus aureus, Staphylococcus epidermidis, Streptococcus 

pneumoniae and Streptococcus pyogenes. Briefly, a colony of Aeromonas strain 92 

was inoculated in 10 mL of King’s B medium and incubated at 30
o
C, 160 rpm for 24 

h. Indicator bacteria were grown in each test tube containing 2 mL of TSB at 37
o
C, 

160 rpm for 16 h. The next day 100 μL of a 10
-3

 dilution of each indicator bacterium 

were mixed with 3 mL of soft agar and overlaid on a TSA plate. The Aeromonas strain 

92 culture was centrifuged at 12,500 rpm, 4
o
C for 15 min, and the supernatant was 

carefully decanted from the pellet. Agar well diffusion assays were performed against 

each indicator bacterium. 

 

The Prevalence of BLS Production Among Aeromonas Species 

Twenty randomly chosen environmental isolates of Aeromonas were checked 

for the production of BLS. These environmental isolates of Aeromonas were originally 

collected by Huddleston (2008) and maintained as frozen cultures stored at -80
o
C. 

Briefly, each of the twenty Aeromonas strains was grown overnight and centrifuged at 

12,500 rpm, 4
o
C for 15 min (Centrifuge 5418, Eppendorf). The supernatant was 

carefully decanted from the pellet. Agar well diffusion assays were performed with 

culture supernatants from each Aeromonas strain. 

 

Effect of Proteolytic Enzymes on BLS Activity 

The overnight-grown Aeromonas strain 92 culture was centrifuged at 12,500 

rpm at 4
o
C for 15 min (Centrifuge 5418, Eppendorf). The cell-free supernatant was 
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decanted and transferred into three sterile microcentrifuge tubes (Fisher Scientific) 

with each tube containing 500 μL of supernatant. Next, stock solutions of three 

different degradative enzymes, proteinase K, trypsin, and lysozyme were prepared at 

concentration of 100 μg/mL with appropriate buffer as directed in the supplier’s 

manual. Five hundred μL of each enzyme were added to the microcentrifuge tube 

(Fisher Scientific), making a 1:1 dilution of the culture supernatant. The 

microcentrifuge tubes were incubated at 37
o
C for 30 min and 1 h. Agar well diffusion 

assays were performed with 80 μL of each enzyme-treated culture supernatant. After 

24 h, the plates were checked for the presence of a zone of inhibition around each 

well. 

 

Estimation of Approximate Molecular Mass of BLS 

Briefly, a single colony of Aeromonas strain 92 was inoculated in 10 mL of 

King’s B medium and incubated at 30
o
C, 160 rpm for 24 h. The medium was 

centrifuged at 12,500 rpm, at 4
o
C for 15 min. The cell-free supernatant was transferred 

to 30-kDa cut-off Amicon® Centricon® Plus-70 Centrifugal Filter device (Millipore, 

Billerica, MA). The centrifugation process was performed as described in the 

supplier’s manual. The filtrate and remnant were collected in separate 50-mL 

centrifuge tubes (FisherScientific, PA). The same procedure was repeated with a 

separate culture of Aeromonas strain 92 using a 10-kDa cut-off Amicon® Centricon® 

Centrifugal Filter device. Agar well diffusion assays were performed with the filtrate 

and remnant from both 10-kDa and 30-kDa filtration devices.  
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Protein Sample Preparation 

Aeromonas strain 92 was grown in the presence and absence of iron and 

extracellular secreted proteins were harvested for SDS-PAGE analysis. Briefly, two 

250-mL Erlenmeyer flasks were used to grow Aeromonas strain 92 in two different 

conditions: high-iron and low-iron. A single colony of Aeromonas strain 92 was 

inoculated into each flask containing 11 mL of King’s B medium. Thirty μL/mL of 

5% FeSO4 in H2SO4 were added to make a final concentration of ~10 mM in the high-

iron growth medium. Both flasks were incubated at 30
o
C, 160 rpm for 24 h. The broth 

cultures were then centrifuged at 12,500 rpm at 4
o
C for 15 min (Sorvall RC 5C Plus, 

Thermo Scientific). Each cell-free supernatant was separated, filtered through a 

nitrocellulose filter with a 0.45-μm pore size (GE Infrastructure) and transferred to ten 

sterile 1.5-mL microcentrifuge tubes (Fisher Scientific) with each tube containing 1 

mL of supernatant. 

A SpeedVac Concentrator (SPD131DDA, Thermo Scientific) was used to 

increase the concentration of the total protein in the samples. Briefly, all ten 

microcentrifuge tubes from both the low-iron and high-iron conditions were vacuum 

dried for 2 h. Protein samples in all microcentrifuge tubes from the high-iron condition 

were collected in a single microcentrifuge tube, and protein samples in all 

microcentrigue tubes from the low-iron condition were collected in another tube. An 

approximate 20-fold reduction of supernatant volume was achieved. 
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Bradford Assay 

The total protein concentration in each sample after the speed vacuum-dry 

treatment was determined using the Bradford protein assay. Briefly, a series of protein 

standards were prepared using Bovine Serum Albumin (BSA) diluted with dH2O to 

final concentrations of 0 (blank = dH2O only), 5, 10, 15, 20, 25 and 30 µg of BSA/mL. 

Also serial dilutions of the sample to be measured were prepared. Eight hundred µL of 

each of the above standards were added to a separate spectrophotometer cuvette. Two 

hundred µL of Bradford reagent (Sigma Aldrich) were added to each cuvette and 

mixed by pipetting. The absorbance of each of the standards and each of the samples 

was read at a wavelength of 595 nm (Spectronic Genesys 5, Spectronic Camspec Ltd, 

UK). From the standard curve, the extinction coefficient was computed, and protein 

concentrations in the samples were calculated. 

 

Molecular Weight Determination in SDS-PAGE 

Sodium Dodecyl Sulfate - Polyacrylamide Gel Electrophoresis (SDS-PAGE) 

was performed with the samples as described above. The concentration of total protein 

to be loaded in each well was calculated for both samples based on the result of the 

Bradford assay. A total of 50 µg of total protein from each sample was loaded in each 

of two gel wells. A total of 100 µg of total protein was also loaded in another set of gel 

wells. Pre-stained protein molecular weight markers (Product# 26612, Product# 

26618, Thermo Scientific) were used as standards. After the SDS-PAGE was 
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completed, gel pictures were taken on a FluorChemE imager (ProteinSimple, Santa 

Clara, CA).  

MALDI-TOF Analysis of the Protein Bands 

The gel was placed on the illuminator (Gel Reader, IBI) and visually analyzed 

for the presence of additional heavy bands in the low-iron sample compared with the 

high-iron sample. Three heavy bands were excised from the gel, transferred to 

microcentrifuge tubes and stored at -20˚C.  

Coomassie Brilliant Blue stain was removed from the polyacrylamide gel 

slices by using 50% acetonitrile (ACN). Fifty µl of 50% ACN were added to each tube 

containing gel pieces, and the tubes were placed in an Eppendorf Thermomixer R 

(Eppendorf), 600 rpm at 37˚C for 5 min. ACN was decanted and same procedure was 

repeated twice until all the gel pieces were destained. 

 

Trypsin Digestion 

The gel pieces were treated with dithiothreitol (DTT) to reduce the disulfide 

bonds in the proteins before they were digested with trypsin. The gel pieces were 

incubated with 50 µl of 10 mM DTT for 1 hr at 56˚C, 600 rpm on a Thermomixer. 

After reduction, the spots were washed with 50% ACN/dH2O solution on the 

Thermomixer at 37˚C, 600 rpm for 5 min. The reduction was followed by alkylation 

using iodoacetamide in order to prevent the disulfide bond from forming again. Fifty 

µl of iodoacetamide solution (55 mM iodoacetamide solution in 40 mM NH4HCO3) 

were added to each gel pieces, which was incubated for 30 min at room temperature in 

the dark. The gel pieces were washed with 50% ACN/ dH2O solution on the 
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Thermomixer at 37˚C, 600 rpm for 5 min. The gel pieces were dehydrated by adding 

50 µL of 100% ACN for 5 min. ACN was aspirated and the gel pieces were air dried 

for 15 min. Digestion was started by adding 25 µL of trypsin solution (12.5 ng/µL of 

trypsin in 25 mM NH4HCO3). The trypsin solution was always kept on ice to maintain 

enzyme activity. The samples were incubated overnight at 37˚C. Afterward, the 

digested samples were stored at -20˚C to stop the enzyme reaction. 

 

MALDI 

The trypsin-digested protein in buffer was thawed and centrifuged at low speed 

to pellet the gel. The peptide sample (0.5 µl) was spotted onto a pre-cleaned MALDI 

plate. One-half µl of 25 mM 4-Chloro-α-cyanocinnamic acid (CCA) was added to the 

sample. Each of three samples was spotted on the MALDI plate in two spots and air 

dried. They were then placed in the MALDI platform for analysis using a MALDI 

4800 mass spectrometry (Applied Biosystems) instrument. The software used to 

operate the mass spectrometer was AB SCIEX 4000 Series Explorer (Applied 

Biosystems/ MDS SCIEX). A strong laser beam was used to ionize the samples. The 

ionized ions were separated based on the reflectron acquisition method in which 

lighter ions fly faster than heavier ones to reach the detector. The processing method 

was the internal calibration processing method. The peaks were detected as mass to 

charge ratio (m/z). Spectra were acquired automatically in positive mode, and a total 

of 1,250 shots were accumulated per spectrum. 
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The MALDI spectra acquired were searched in MASCOT
®
 V 3.6 with the 

GPS Explorer
TM

 software (Applied Biosystems). A combined search with MS and 

MS/MS data was performed in the National Center for Biotechnology Information 

(NCBI) database. The MASCOT
®
 parameters were assigned as in Figure 2.2. The 

MASCOT search results on each of the spots were ranked based on the protein score. 

The protein score was based on many parameters including sequence coverage. The 

MASCOT results showed the match of the fragment to the protein in the databank 

with the accession number and taxonomy. The Nominal mass and the calculated pI 

values were also obtained from the MASCOT search results. 

 

Cloning, Transformation and Expression of asaP1 Gene 

Amplification of asaP1 Gene from Aeromonas Strain 92 

PCR was performed for the amplification of the asaP1 gene from Aeromonas 

strain 92 genomic DNA. The 25-μL PCR mixture consisted of 1 μL of 25 ng/μL 

Aeromonas strain 92 genomic DNA, 12.5 μL of GoTaq® Green Master Mix, 2X (2X 

Green GoTaq® Reaction Buffer (pH 8.5), 400 µM dATP, 400 µM dGTP, 400 µM 

dCTP, 400 µM dTTP and 3 mM MgCl2) (Promega, Madison, WI), 1 μL of 10 μM 

forward primer, 1 μL of 10 μM reverse primer, and 9.5 μL of dH2O. A 0.7% agarose 

gel electrophoresis was performed to check the result of the PCR amplification. A 

1,032-bp PCR product was obtained from the PCR amplification. The agarose gel was 

documented with a MultiImage® II (Alpha Innotech).  

 

MS/MS 
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The PCR products from all three gel bands were extracted and purified from 

the gel using a QIAEX® II Gel Extraction kit (Qiagen). The resultant purified gene 

concentration was estimated with a Nanodrop 2000c Spectrophotometer (Thermo 

Scientific). 
 

Cloning and Transformation 

The PCR product was ligated into the TOPO® vector (Invitrogen) using a 

pBAD Directional TOPO® Expression Kit and according to the manufacturer’s 

instructions. The PCR products (1.8 μL, 25 ng/μL) were added to 1 μL of salt solution 

(1.29 M NaCl, 0.06 M MgCl2) and 1 μL of TOPO vector. Nuclease-free water was 

added to make a final volume of 6 μL. This mixture was incubated at room 

temperature for 15 min and transferred to ice. Three μL of this reaction mixture were 

added to a vial of One Shot® TOP10 chemically competent E. coli cells (Invitrogen) 

and mixed gently, incubated on ice for 30 min, and then heat-shocked at 42°C for 30 

sec. Two hundred fifty μL of S.O.C. media were added to the vial and, the vial was 

incubated on a shaker for 1 h at 37°C.  The bacteria were then plated onto LB plates 

containing 50 μg/mL of kanamycin. Only transformants can grow on this plate as they 

confer the kanamycin-resistance gene on their host cells. A -80
o
C glycerol stock of 

isolated transformed cells was prepared and stored. 
 

Confirming the Transformation Result 

PCR was performed on the recombinant One Shot TOP10 cells to confirm the 

presence of the pBAD202 vector and asaP1 gene insert. The cells were inoculated into 

Purification of PCR Product
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2 mL of LB with 50 μg/mL of kanamycin and grown for 5 h in a 37
o
C shaking 

incubator. Ten μL of culture were inoculated into 10 mL of LB with 50 μg/mL of 

kanamycin and incubated at 37
o
C for 16 h. A PureYield Plasmid miniprep kit 

(Promega, Madison, WI) was used for plasmid isolation from the recombinant cells. 

The PCR mixture (25 μL) contained 1μL of 25 ng/μL of plasmid DNA. PCR was 

performed under the same conditions as described above. A 0.7% agarose gel 

electrophoresis was performed to check the result of PCR amplification. The agarose 

gel was documented with a MultiImage® II (Alpha Innotech). 

 

Expression of Recombinant Protein Under L-arabinose Induction 

An assay was done to measure optimum expression of the recombinant protein 

under L-arabinose induction. Two mL of LB with 50 μg/mL kanamycin were 

inoculated with recombinant One Shot TOP10 cells and incubated overnight in a 37
o
C 

shaking incubator. Next day, 100 μL of the overnight culture were inoculated into 

each of three tubes containing 10 mL of LB with 50 μg/ml of kanamycin, and the 

cultures were grown for 4 h. A 1-mL of sample was taken, centrifuged at 14,000 rpm 

for 30 sec, the supernatant was discarded, and the pellet was stored at -20
o
C for the 

zero time point sample. Different concentrations of the inducer L-arabinose (2%, 

0.2%, and 0.02 %) were added to the remaining three 9-mL culture tubes and 

incubated in a 37
o
C shaking incubator for 4 h. Again, 1 mL of sample was taken from 

each culture, centrifuged at 14,000 rpm for 30 sec, and the cell pellet was stored at -

20
o
C. A control sample of non-transformed One Shot TOP10 cell was also prepared at 

the same time. Two mL of LB without kanamycin were inoculated with a colony of 
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One Shot TOP10 cells without vector. Next day, 100 μL of culture were inoculated in 

10 mL of LB and incubated in a 37
o
C shaking incubator. The same procedure was 

performed to obtain samples after 4 hrs and 8 hrs. 

All pellets stored at -20
o
C were thawed at room temperature. Approximately 

40 μL of B-PER Protein Extraction Reagent (Thermo Scientific) were added to all 

tubes, and pellets were resuspended with gentle pipetting and incubated at room 

temperature for 15 min. All tubes were centrifuged at 12,500 rpm, 4
o
C for 10 min. The 

supernatant containing soluble proteins was pipetted from the pellet containing 

insoluble proteins. The supernatant was further analyzed by SDS-PAGE. 

 

Expression of Recombinant Protein for Bioassay 

A sample of recombinant protein was prepared for bioassay. The above-

described procedure was followed for L-arabinose-induced expression of recombinant 

protein in the transformed One Shot TOP10 cells. Agar well diffusion assays were 

performed with S. marcescens as the indicator bacterium as described above. The 

supernatant fraction containing soluble protein (~ 50 μL) was poured into the agar 

well. The pellet fraction containing insoluble proteins was mixed with 80 μL of 

distilled water and added to the agar well. Plates were incubated at 30
o
C for 24 hrs. A 

control bioassay was also performed at the same time with One Shot TOP10 cells 

without vector. Cells were grown and total proteins obtained as described above. 

Bioassay was performed with protein fractions obtained from the control cells. 
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SDS-PAGE of L-arabinose Induced Proteins 

A 20 % bis:acrylamide gel and a 5% stacking gel were prepared and the 

protein samples were loaded as described earlier. Protein samples were mixed (1:1) 

with protein loading buffer. Prestained protein molecular weight marker (Product # 

26612, Thermo Scientific) was used as a standard. SDS-PAGE apparatus was 

performed with the voltage set to 120 V, current at 13 mA and a run time of 

approximately 90 min. The run was stopped when the dye line approached the bottom 

of the gel. The gel was stained with Coomassie Brilliant Blue and documented as 

described above.  
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Figure 2.1: Arrangement of compositions in four tubes. 
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Figure 2.2:  MASCOT parameters 
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Trend of Serratia marcescens Growth in Presence of Crude BLS 

Serratia marcescens was grown in the presence of increasing concentrations of 

BLS. The total protein concentration of the Aeromonas strain 92 supernatant 

containing crude BLS was calculated to be 141.9 ng/μL of supernatant. The initial 

number of S. marcescens in 100 μL of inoculum was calculated to be 176 × 10
5 

cfu. 

This number of S. marcescens was grown in different tubes with increasing volumes 

of BLS-containing supernatant added. Colony-forming units of S. marcescens were 

counted after 0 h, 6 h, 10 h and 12 h of growth.  

Figure 3.1 shows the trend of S. marcescens growth in presence of BLS. The 

graph shows the cfu per mL of the indicator bacterium decreases as the concentration 

of BLS is increased.  

 

Effect of Temperature on BLS Production 

The effect of temperature on cell growth and BLS production is summarized in 

Table 3.1. Growth was assessed as an observable increase in culture turbidity, and 

BLS production was assessed using the indicator bacteria assay.  Both bacterial 

growth and BLS production were noted at temperatures between 4
o
C and 37

o
C. 

Growth of Aeromonas strain 92 and production of BLS were comparatively high at 

25
o
C and 30

o
C. No bacterial growth was seen at 45

o
C and 55

o
C. 

 

       CHAPTER III      

                RESULTS 
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Effect of pH on BLS Production 

The effect of initial medium pH on cell growth and BLS production is 

summarized in Table 3.2. Aeromonas strain 92 produced BLS at all different pH 

values between pH 5 and 10. There was no bacterial growth at pH 4.0. The highest 

BLS activity was recorded in King’s B medium adjusted to pH 6.0, 7.0, 8.0 and 9.0. 

No growth was seen at pH 4.0 even after 36-hr incubation.  

 

Effect of Temperature on BLS Activity 

The effect of temperature on BLS activity is summarized in Table 3.3. Effect 

of heat treatment on the BLS activity was tested by placing the crude BLS-containing 

supernatant at -20
o
C, 4

o
C, 40

o
C, 60

o
C, 80

o
C and 100

o
C from one to five hours. The 

pH of the supernatant, which was left unadjusted, was 7.2.  

 

Effect of pH on BLS Activity 

The effect of initial medium pH on BLS activity is summarized in Table 3.4. 

BLS activity appeared to remain stable in the temperature range between -20
o
C and 

40
o
C, with a gradual decrease in activity at higher temperatures. The effect of pH 

treatment on the BLS activity was tested by incubating the crude BLS-containing 

supernatant at pH 4, 5, 6, 7, 8, 9 and 10 from one to five hours. The incubation 

temperature of the different pH-adjusted supernatant samples was 30
o
C.  
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Different pH treatments had no effect on BLS activity except at pH 4.0 after an 

extended treatment of approximately 12 hours. Hence the prolonged exposure of BLS 

to acidic pH was found to be detrimental to its activity. 

Antimicrobial Activity of BLS Against Different Bacteria 

The antimicrobial activity of BLS against different indicator bacteria is 

summarized in Table 3.5. The antimicrobial effect of BLS was examined against a set 

of Gram-positive and Gram-negative bacteria using the agar well diffusion assay. The 

table lists the different indicator bacteria and the result of antimicrobial activity of 

BLS. 

A zone of inhibition was present around each BLS-containing well when the 

indicator bacteria were sensitive. The zones of inhibition were approximately 20 mm 

in diameter. The growth of Enterococcus faecalis was promoted rather than inhibited 

by the addition of BLS-containing supernatant.  

 

The Prevalence of BLS Production Among Aeromonas Species 

Among 104 previously isolated environmental strains of Aeromonas 

maintained as permanent stock cultures, 20 strains were randomly selected to screen 

for the production of BLS. It was found that out of these 20 Aeromonas strains 

(designated #81 through #100):  

•  Seven strains produced BLS whereas 13 strains did not 

• BLS production and/or activity were higher in two strains (#88 and #91) than in 

the other seven producers. 
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The comparisons were made based on the sizes of the zones of inhibition. High 

BLS production  and/or activity gave zones of inhibition approximately 35 mm 

diameter; Low BLS production and/or activity gave zones of inhibition approximately 

20 mm diameter. 

Effect of Proteolytic Enzymes on BLS Activity 

Aeromonas strain 92 might produce metabolic end products with antibacterial 

inhibitory activity that can be erroneously attributed to the production of bacteriocin-

like compounds. Hence it was necessary to verify that the BLS has a proteinaceous 

nature. The supernatant containing BLS was mixed and separately incubated with 

different proteolytic enzymes for 30 min and 1 h in a 1.5-mL microcentrfuge tube. 

Agar well diffusion assays were performed with the enzyme-treated supernatant. For 

both incubation times, the trypsin-treated supernatant showed no zone of inhibition, 

which indicated that the bacteriocin-like substance was cleaved/degraded; whereas 

proteinase K-and lysozyme-treated supernatants still showed the zone of inhibition, 

suggesting that these enzymes had no effect on the activity of BLS. The results 

showed that the BLS contains cleavage sites susceptible to trypsin and thus has a 

proteinaceous nature. 

 

Estimation of BLS Molecular Mass 

The approximate molecular mass of BLS was estimated by filtration 

centrifugation of the supernatant in filtration devices with the 30-kDa and 10-kDa 

cutoff filters. The filtrate and remnant were collected in separate tubes. Agar well 

diffusion bioassays were performed with both filtrate and remnant. It was found that 
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both filtrate and remnant from the 30-kDa cutoff filter produced zones of inhibition. 

This was also true with the 10-kDa filter. The size of the zone of inhibition was less 

than normal, most likely due to dilution of the supernatant with plain broth media as 

part of the procedure. 

Molecular Mass Determination by SDS-PAGE 

Both high-iron and low-iron grown culture supernatants were subjected to 

speed vacuum dry. Total protein concentration in both samples was equalized by the 

addition of distilled water. Both samples were then analyzed by SDS-PAGE on a 15% 

polyacrylamide gel. The coomassie Brilliant Blue-stained gel showed the presence of 

more than twenty different extracellular proteins ranging from 10 kDa to 85 kDa. 

Visual inspection of the quantity of each protein in the low-iron and high-iron 

conditions showed three particular locations that contained heavier bands in the low-

iron condition than in the high-iron condition (Figure 3.2). These three locations were 

excised from the gel and processed for MALDI-TOF analysis. 

 

MALDI-TOF Analysis of the Protein Bands 

MALDI  

The samples were co-crystallized using CCA as matrix solution and analyzed 

using a 4800 Plus MALDI-TOF/TOF analyzer. Each sample was spotted twice in the 

MALDI plate to check for any discrepancy in the sample contents. Trypsin-digested 

sample 1 was spotted on E2 and E3, sample 2 on E5 and E6, and sample 3 on H1 and 

H2. The MS result was stored assigning a specific run number. Preliminary MALDI 

analysis was done on all spots. The peaks showed consistency between both spots of 
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samples 1 and 2, i.e., E2 and E3 as well as E5 and E6. However, sample 3 (H1 and 

H2) didn’t yield any result except the MS peaks for the matrix molecule. The MS 

spectra of the spots E2 and E5 were obtained (MS spectra for E5 are shown in Figure 

3.3). From the MS spectra, the five most abundant peaks were selected for MS/MS 

analysis. 

MS/MS 

The ionized peptide fragments were analyzed using Collision Induced 

Dissociation (CID). The MS/MS data were compared to the database to find the 

nearest matches of the peptide of interest. Protein identification was performed by 

searching the National Center for Biotechnology Information (NCBI) non-redundant 

database using the MASCOT search engine (Matrix Science, London, UK; 

http://www.matrixscience.com), which uses a probability-based scoring system.  

The MS/MS results for both spots E2 and E5 suggested the possible protein as 

AsaP1, a toxic extracellular metalloendopeptidase from Aeromonas salmonicida 

subsp. achromogenes (gi:24635248), with the highest protein score as well as ion 

score. The protein score C.I. and ion score C.I. were also highest for this protein on the 

list of all possible proteins. Spot E2, however, suggested protein EprA1, an 

extracellular protease from Aeromonas hydrophila with second highest protein and ion 

scores. The protein score C.I. and ion score C.I. was second highest for this protein on 

the list of all possible proteins. The third sample on spot H1 and H2 didn’t yield any 

result even after three rounds of MALDI analysis. Table 3.6 shows the partial list of 

proteins.  
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Cloning, Transformation and Expression of asaP1 Gene 

PCR Product Analysis 

The putative asaP1 gene of Aeromonas strain 92 was amplified by using 

primers designed for the A. salmonicida asaP1 gene. The expected size of the PCR 

product was 1,032 bp. The PCR product obtained was analyzed on a 0.7% agarose gel. 

Three replicates of the PCR were performed in three tubes with 25 μL in each tube, 

and a single DNA band with an approximate size of 1,000 bp was seen with each of 

the three PCR replicates (Figure 3.4).  

 

Confirmation of Successful Cloning Experiment 

After ligating the 1,000-bp PCR product into the pBAD202 expression vector 

and transformation into One Shot TOP10 competent cells, the transformants were 

inoculated onto LB plates containing kanamycin as the selective agent. In order to 

confirm that an isolated colony growing on the LB kanamycin plate was successfully 

transformed with the vector and carrying the asaP1 gene insert, PCR was done on the 

total plasmid isolated from these cells. The PCR product was analyzed on a 0.7% 

agarose gel and showed a single, approximately 1,000-bp DNA band (Figure 3.5).  

 

Arabinose Induction and Protein Expression.  

Recombinant protein expression was induced with L-arabinose at different 

concentrations to determine maximum expression levels. No heavy band with a mass 

of approximately 37 kDa was seen on the polyacrylamide gel (Figure 3.6). Expression 

of recombinant protein may have been insufficient to be detected on the 
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polyacrylamide gel. Therefore no conclusion was made regarding the maximum 

AsaP1 protein expression.  

 

Bioassay Result with the Recombinant Protein 

The agar well diffusion bioassay plates were checked for the presence of a 

zone of inhibition around the wells in which soluble protein fraction from the lysed 

One Shot TOP10 transformed cells were added. A small zone of inhibition was seen 

surrounding each well where the soluble protein fraction was added (Figure3.7). A 

maximum activity, based on the size of the zone of inhibition, was seen with 0.2% L-

arabinose induction. There was no zone of inhibition seen around the control wells in 

which soluble protein fraction from One Shot TOP10 untransformed cell were added 

(Figure 3.8).  
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Figure 3.1: Graph with the mean and standard error (SEM) shows the trend of S. marcescens 

growth in presence of Aeromonas strain 92 grown crude supernatant containing BLS. Statistical 

analysis (one-way ANOVA; means were compared with Dunnett’s test) was performed in SAS 9.2. All 

the different treatments (250 μL, 500 μL and 1000 μL) were compared against control (0 μL) for each 

time point. The cfu/mL values showing statistical significance (p<0.05) at different concentration of 

BLS are indicated with asterisk (*). 
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Figure 3.2: SDS-PAGE analysis of extracellular proteins from high-iron and low-iron grown 

cultures on a 15% polyacrylamide gel. The three spot samples are shown with the directed arrows.  
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Figure 3.3: MS spectra of sample 2 (spot E5) 
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Figure 3.4: Ethidium bromide-stained agarose gel of amplified asaP1 gene from 

Aeromonas strain 92 genomic DNA. PCR products in lanes 2, 3 and 4 are shown with DNA molecular 

size markers (lane 1). 

 

 

 

 
Figure 3.5: Ethidium bromide-stained agarose gel of PCR amplified asaP1 gene. asaP1 

gene amplified from plasmid obtained from transformed One Shot TOP10 cell (Lane 2), asaP1 gene 

amplified from Aeromonas strain 92 genomic DNA (lane 3), DNA molecular size markers (lane 1). 
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Figure 3.6: SDS-PAGE of recombinant protein expressed before and after L-arabinose 

induction. M: marker, Lane 1-4: after L-arabinose induction, Lane 5-8: before L-arabinose induction. 

Lanes 2, 3 and 4: transformed One Shot TOP10 cells after induction with 0.02%, 0.2% and 2% L-

arabinose, respectively. Lanes 6, 7, and 8: transformed One Shot TOP10 cells before L-induction with 

0.02%, 0.2%, and 2 % L-arabinose, respectively. Lane 1: untransformed One Shot TOP10 cell after 

induction with 0.2 % L-arabinose. Lane 5: untransformed One Shot TOP10 cell before induction with 

0.2 % L-arabinose. 
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Figure 3.7: Agar well diffusion assay with the soluble protein obtained from transformed TOP 10 

cells. A small zone of inhibition is seen around the well. 

 

 

 

 

 

 
Figure 3.8: Agar well diffusion assay with the soluble protein obtained from TOP 10 cells. No 

zone of inhibition is seen around the well. 
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Table 3.1: Effect of temperature on BLS production 

 

         Temperature 18 h 24 h 36 h 

4
o
C + + + 

15
o
C + + + 

25
o
C + + + 

30
o
C + + + 

37
o
C + + + 

45
o
C ng ng ng 

55
o
C ng ng ng 

+ = positive BLS production; ng = no growth 

 

 

 

 

 

 
Table 3.2: Effect of growth medium pH on BLS production 

 

pH 18 h 24 h 36 h 

4 ng ng ng 

5 + + + 

6 + + + 

7 + + + 

8 + + + 

9 + + + 

10 + + + 

+ = positive BLS production; ng = no growth 
 

 

 

 

 

 

 

 



Texas Tech University, Nishant Chalise, August 2012 

49 

 

 

 
Table 3.3: Effect of temperature on BLS activity 

 

Temperature 1 h 3 h 5 h 

-20
o
C + + + 

4
o
C + + + 

40
o
C + + + 

60
o
C + + - 

80
o
C + - - 

100
o
C - - - 

+ = positive BLS activity; - = negative BLS activity 

 

 

 

 

 
Table 3.4: Effect of pH on BLS activity 

 

pH 1 h 3 h 5 h 

4 + + - 

5 + + + 

6 + + + 

7 + + + 

8 + + + 

9 + + + 

10 + + + 

+ = positive BLS activity; - = negative BLS activity 
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Table 3.5: Antimicrobial activity of BLS against different bacteria 

 

   Gram Negative :      Activity  Gram Positive:     Activity 

Enterobacter aerogenes  -  Enterococcus faecalis  - 

Escherichia coli -  Micrococcus luteus  - 

Klebsiella  pneumoniae  -  Mycobacterium smegmatis  + 

Proteus vulgaris  -  Staphylococcus aureus  - 

Pseudomonas aeruginosa  -  Staphylococcus epidermidis  + 

Salmonella enterica  -  Streptococcus pneumoniae  + 

Serratia  marcescens  +  Streptococcus pyogenes  - 

   Bacillus pumilus  + 

+, Presence of Activity; -, Absence of Activity 
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Treatment of the inhibitory agent produced by Aeromonas strain 92 with 

trypsin resulted in the loss of activity, which confirms its proteinaceous nature. 

Bacteriocin-like substance (BLS) produced by Aeromonas strain 92 is unique because 

the bacterium itself is able to grow at a low temperature of 4
o
C and the production of 

BLS was also noted at this temperature. Since Aeromonas salmonicida is 

psychrophilic, it is normal to find bacterial growth at such low temperatures (Hänninen 

and Hirvelä-Koski, 1997). BLS production and bacterial growth was not found at 45
o
C 

and 55
o
C. A rough comparison of the diameters of the zones of inhibition suggests 

high BLS production at 25
o
C, 30

o
C and 37

o
C. However the lower BLS activity at 4

o
C 

and 15
o
C can be attributed to the comparatively less growth of the bacterium at these 

temperatures. BLS production was favored in the pH range between 5.0 and 10. No 

bacterial growth was found at pH 4.0. Furthermore, a size comparison of the zones of 

inhibition showed that the best BLS production was seen between pH 6.0 and pH 9.0. 

Most probably, the bacterial growth is supported best at these pH ranges. BLS activity 

was retained at all temperatures between -20
o
C and 80

o
C. However activity was lost 

when BLS was stored for more than 1 hour and 3 hours at temperatures of 80
o
C and 

60
o
C respectively. Similarly, activity was retained in the pH range between 5 and 10 

for more than 5 hours. Activity was seen at pH 4.0 only until 3 hours incubation and 

was lost thereafter. 

 

       CHAPTER IV

             DISCUSSION 
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BLS produced by Aeromonas strain 92 showed a bactericidal/bacteriostatic 

mode of action against the indicator bacterium, Serratia marcescens. The presented 

data and graph clearly show the decline in number of S. marcescens cells when grown 

in the presence of cell-free supernatant. However limited growth of S. marcescens was 

still noted in the presence of cell-free supernatant and this can be attributed to the 

development of resistant variant cells or insufficient BLS molecules available as the S. 

marcescens growth progressed. The inhibitory spectrum of Aeromonas strain 92 BLS 

against other bacteria showed that it has antibacterial activity against Gram-negative 

bacteria such as S. marcescens, but mostly against Gram-positive bacteria such as 

Streptococcus pneumoniae, Staphylococcus epidermidis and Bacillus pumilus. The 

inability of BLS to show inhibitory activity towards Enterococcus faecalis is 

consistent with the finding of Messi et al. (2003). A unique property of Aeromonas 

strain 92 bacteriocin is its inhibitory activity against acid-fast bacteria such as 

Mycobacterium smegmatis.  

The centrifugation filtration process couldn’t provide a definitive result for the 

molecular mass of BLS as the bioassay turned out to be positive with both filtrate and 

remnant fraction of the supernatant. The clogging of the filter with macromolecules 

might have hindered passage of all BLS protein, some of which might have remained 

on the remnant fraction of the supernatant. Another possible reason could be the 

nature of BLS molecule itself, as it might be forming multimers in the solution that 

were not able to pass through the filter. Further analysis must be done with repetitive 

filtering of the remnant fraction with a 10-kDa cutoff filter. This would eliminate a 

clogging problem to determine whether the remnant still shows the bioactivity.  
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SDS-PAGE analysis was used to assess the best protein concentration 

technique regarding iron-regulated proteins. Apart from the speed vacuum technique, 

lyophilization and acetone precipitation techniques were performed, and samples 

obtained were analyzed by SDS-PAGE. The results for all three sample preparation 

techniques were nearly in agreement with each other. Similar protein profiles were 

seen between three sample preparation techniques.  

Earlier, we assumed Aeromonas strain 92-encoded BLS to be similar to 

Escherichia coli microcin, an iron-regulated bacteriocin (Chehade and Braun, 1988). 

SDS-PAGE results showed that there is no small molecular mass protein (<10 kDa) 

that is over-expressed in the low-iron condition. There are two particular heavy bands 

in the low-iron condition approximately 20 kDa and 17 kDa in size. The MALDI-TOF 

MS/MS results for both of these bands yielded the same protein, a 37-kDa metallo-

endopeptidase named AsaP1 [Aeromonas salmonicida] (gi:24635248) on the first rank 

of the list. Yu et al. (2007) noted the presence of a 37.7-kDa metalloprotease from A. 

salmonicida at four different spots by two-dimensional gel electrophoresis. They 

suspected that the metalloprotease may have been cleaved or processed into different 

forms by an unknown mechanism. Our one-dimensional SDS-PAGE result showed 

the presence of AsaP1 protein (~ 37 kDa protein) at two different spots, ~ 20 kDa and 

~ 17 kDa, whose combined mass seems to match the actual ~37-kDa size of AsaP1 

protein. The second most probable name for this 20-kDa protein yielded an 

extracellular protease named EprA1 [Aeromonas hydrophila] (gi: 1945442). The 

MALDI-TOF MS/MS results listed many other proteins as probable proteins. But 

there was no protein score, ion score, protein score C.I., or ion score C.I. associated 
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with these other proteins. Moreover, these proteins belong to organisms other than 

Aeromonas. Hence based on the fact that the protein sample in the SDS-PAGE run is 

obtained from A. salmonicida, these results can be neglected. A comparison on the 

protein score and ion score between the two most probable proteins on the list, AsaP1 

and EprA1, shows a fair difference and is supportive for AsaP1 protein as a probable 

candidate for BLS. 

In most cases, a bacteriocin gene is present on extrachromosomal DNA of 

bacteria. Our results suggest that, in case of A. salmonicida, the putative BLS gene 

(asaP1 gene) is located on chromosomal DNA rather than on a plasmid. Similarly, 

research findings by Messi et al. (2003) couldn’t relate the presence of BLS with a 

plasmid. The AsaP1 protein is a caseinolytic and weakly gelatinolytic 

metalloendopeptidase. AsaP1 is a major toxic factor of strains belonging to A. 

salmonicida. Purified AsaP1 injected into salmon or mice at low concentrations leads 

to death within 24 h (an LD50 of 0.03 μg AsaP1/g for fish and 0.18 μg AsaP1/g for 

mice) (Gudmundsdottir et al., 1990; Gudmundsdottir et al., 2001; Gudmundsdottir et 

al., 2003). 

Previous findings show that the AsaP1 protein is zinc dependent (Arnadottir et 

al., 2009), whereas our research findings showed that BLS protein expression is 

regulated by the presence of iron in the culture medium. The observed overexpression 

of the asaP1 gene during iron starvation seems to corroborate the doubt raised by Hirst 

and Ellis (1996) about the possible role of this enzyme in siderophore-independent 

iron acquisition in A. salmonicida. It is possible that the AsaP1 protein might be 

produced to collect iron from the medium while another protein domain may be 

http://www.ncbi.nlm.nih.gov/pubmed?term=Arnadottir%20H%5BAuthor%5D&cauthor=true&cauthor_uid=18952802
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working as a bacteriocin. There are findings that a bacterial protein with multiple 

domains can perform both endopeptidase and bacteriocin functions. The zooA gene of 

Streptococcus zooepidemicus, for example, encodes a bacteriocin-like inhibitory 

substance and also contains a region with significant homology to several known 

endopeptidases (Simmonds et al., 1997). Similarly, Xanthomonas campestris encodes 

a bacteriocin, BcnC, which shows homology to A. hydrophila extracellular 

metalloprotease (Tudor, 1999). In this regard, there is a chance that the AsaP1 protein 

is a multiple-domain protein with both endopeptidase as well as bacteriocin activities. 

The cloning of the putative asaP1 gene into the vector and the transformation 

of the vector into One Shot TOP10 competent cells was successful. The PCR analysis 

done with plasmid extracted from a transformant TOP 10 cell was able to amplify a 

1,032-bp DNA fragment. Although a small zone of inhibition was seen during 

bioassay, and the control didn’t show any bioactivity, a conclusion couldn’t be drawn 

regarding the optimal induction of the cloned gene by the addition of L-arabinose in 

the recombinant E. coli host. SDS-PAGE analysis of protein expression induced by 

different concentrations of L-arabinose couldn’t be verified on the gel. A heavy band 

around the 37-kDa region was not found on the polyacrylamide gel. Although a light 

band was seen at this region, more work needs to be performed to confirm the 

recombinant protein expression. A western blot with antibody against AsaP1 protein 

as a probe could be performed to verify the recombinant protein expression. A 

MALDI-TOF MS analysis could also be done with the suspected protein to confirm its 

identity and verify expression of the recombinant protein. Furthermore, L-arabinose 

induction could be optimized, and purification of the AsaP1 protein (using His-tag 
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purification) and testing in the bioassay would verify and establish the role of AsaP1 

protein as a bacteriocin molecule. 
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APPENDIX A  

Mascot Search Results 

Protein View 

Match to: gi|24635248 Score: 222 Expect: 1.5e-016 

toxic extracellular endopeptidase [Aeromonas salmonicida subsp. achromogenes] 
 
Nominal mass (Mr): 37226; Calculated pI value: 5.73 

NCBI BLAST search of gi|24635248 against nr 

Unformatted sequence string for pasting into other applications 
 

Taxonomy: Aeromonas salmonicida subsp. achromogenes 

 

Variable modifications: Carbamidomethyl (C),Oxidation (M) 

Cleavage by Trypsin: cuts C-term side of KR unless next residue is P 

Sequence Coverage: 21% 
 

Matched peptides shown in Bold Red 

 
     1 MMKVTPIALL LAGVLASPLC AAGLDAQLTL VDGSTDDVRV NLTLTNTGDK  

    51 PIRLLKWQLP GSDDAPLFLV ERDGQPVSYE GALIKRAAPT DKDFQLLKAG  

   101 QSLTVQAEVS GLYDMSAQGQ YSIRYQLPAR RKRPRAKQAQ ASESNAITLW  
   151 VEGVNDERVQ AKVAAAEPQA VAGSVSFSGR CTNTQKSDLL TALDAASGIS  

   201 NNASSYLAVD KPDGQRYRSW FGAYSSARWD QAETNFSKIK DAIDNKPLTF  

   251 DCSCKQSYFA YVYPDQPYKV YLCKSFWTAP VTGSDSRAGT IVHELSHFNV  

   301 VAGTDDLGYG QANARNLAKT DPVKALNNAD NHEYFAENTP SEN 

Show  predicted peptides also
 

Sort Peptides By
Residue Number Increasing Mass Decreasing Mass  

  Start - End  Observed   Mr(expt)   Mr(calc) Delta  Miss Sequence 
   256 - 269 1768.7269  1767.7196  1767.8144 -0.0948   0  K.QSYFAYVYPDQPYK.V  (No match) 
   275 - 287 1410.5923  1409.5850  1409.6575 -0.0725   0  K.SFWTAPVTGSDSR.A(Ions score 82) 

   275 - 287 1410.5923  1409.5850  1409.6575 -0.0725   0  K.SFWTAPVTGSDSR.A  (No match) 

   288 - 315 2912.3081  2911.3008  2911.4212 -0.1203   0  R.AGTIVHELSHFNVVAGTDDLGYGQANAR.N(No match) 
   325 - 343 2149.8059  2148.7986  2148.8984 -0.0998   0  K.ALNNADNHEYFAENTPSEN.-(Ions score 126) 

   325 - 343 2149.8059  2148.7986  2148.8984 -0.0998   0  K.ALNNADNHEYFAENTPSEN.-(No match) 

 

   

 Appendix A: MASCOT search result for AsaP1 protein 

http://www.ncbi.nlm.nih.gov/blast/Blast.cgi?ALIGNMENTS=50&ALIGNMENT_VIEW=Pairwise&AUTO_FORMAT=Semiauto&CDD_SEARCH=on&CLIENT=web&COMPOSITION_BASED_STATISTICS=on&DATABASE=nr&DESCRIPTIONS=100&ENTREZ_QUERY=(none)&EXPECT=10&FILTER=L&FORMAT_BLOCK_ON_RESPAGE=None&FORMAT_OBJECT=Alignment&FORMAT_TYPE=HTML&GAPCOSTS=11+1&I_THRESH=0.001&LAYOUT=TwoWindows&MATRIX_NAME=BLOSUM62&NCBI_GI=on&PAGE=Proteins&PROGRAM=blastp&QUERY=MMKVTPIALLLAGVLASPLCAAGLDAQLTLVDGSTDDVRVNLTLTNTGDKPIRLLKWQLPGSDDAPLFLVERDGQPVSYEGALIKRAAPTDKDFQLLKAGQSLTVQAEVSGLYDMSAQGQYSIRYQLPARRKRPRAKQAQASESNAITLWVEGVNDERVQAKVAAAEPQAVAGSVSFSGRCTNTQKSDLLTALDAASGISNNASSYLAVDKPDGQRYRSWFGAYSSARWDQAETNFSKIKDAIDNKPLTFDCSCKQSYFAYVYPDQPYKVYLCKSFWTAPVTGSDSRAGTIVHELSHFNVVAGTDDLGYGQANARNLAKTDPVKALNNADNHEYFAENTPSEN&SERVICE=plain&SET_DEFAULTS.x=9&SET_DEFAULTS.y=5&SHOW_OVERVIEW=on&WORD_SIZE=3&END_OF_HTTPGET=Yes
http://proteomics/mascot/cgi/getseq.pl?NCBInr+gi%7c24635248+seq
http://www.ncbi.nlm.nih.gov/htbin-post/Taxonomy/wgetorg?lvl=0&lin=f&id=113288
http://proteomics/mascot/cgi/peptide_view.pl?file=../data/20120503/F005957.dat&query=54&hit=1
http://proteomics/mascot/cgi/peptide_view.pl?file=../data/20120503/F005957.dat&query=41&hit=1
http://proteomics/mascot/cgi/peptide_view.pl?file=../data/20120503/F005957.dat&query=42&hit=1
http://proteomics/mascot/cgi/peptide_view.pl?file=../data/20120503/F005957.dat&query=66&hit=1
http://proteomics/mascot/cgi/peptide_view.pl?file=../data/20120503/F005957.dat&query=61&hit=1
http://proteomics/mascot/cgi/peptide_view.pl?file=../data/20120503/F005957.dat&query=62&hit=1
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Mascot Search Results 

Protein View 
Match to: gi|1945442 Score: 157 Expect: 4.7e-010 

extracellular protease [Aeromonas hydrophila] 
 
Nominal mass (Mr): 37275; Calculated pI value: 5.13 

NCBI BLAST search of gi|1945442 against nr 
Unformatted sequence string for pasting into other applications 

 

Taxonomy: Aeromonas hydrophila 
Links to retrieve other entries containing this sequence from NCBI Entrez: 

gi|3122075 from Aeromonas hydrophila 

 
Variable modifications: Carbamidomethyl (C),Oxidation (M) 

Cleavage by Trypsin: cuts C-term side of KR unless next residue is P 

Sequence Coverage: 29% 
 

Matched peptides shown in Bold Red 

     1 MMKATPIALL LAGVLASPLC AAGLDARLTL VEGSTDDVRV NLTLTNTGEK  
    51 PVRLLKWQLP GSEDAPLFQV ERDGQPVDYE GALIKRAAPS DKDYQLLKAG  

   101 QSLTVQAEVS GLYDMSAQGQ YSIRYLLPTV AQEGKAAKAK QAQASESNAV  

   151 TLWVDGVSDD RVLAKAAVAE PQAVSASVSF SGRCTNTQKS DILAALDAAS  
   201 GIANNSSSYL AVDKPNGQRY RSWFGAYDAT RWNQAETNFS KIKDAIDNKP  

   251 LTFDCGCKQS YFAYVYPDQP YKVYLCKSFW TAPVTGTDSR AGTIVHELSH  

   301 FNVVAGTDDL GYGQANARNL ASTDPQKALN NADNHEYFAE NTPSEN 

Show  predicted peptides also
 

Sort Peptides By
Residue Number Increasing Mass Decreasing Mass  

  Start -End  Observed    Mr(expt)   Mr(calc)  Delta  Miss Sequence 
   222 - 231 1173.4409  1172.4336  1172.5250  -0.0914 0  R.SWFGAYDATR.W  (No match) 

   242 - 258 1994.8687  1993.8614  1993.9601  -0.0987 1  K.IKDAIDNKPLTFDCGCK.Q 2Carbamidomethyl(C)No match) 
   244 - 258 1753.7051  1752.6978  1752.7811  -0.0833 0  K.DAIDNKPLTFDCGCK.Q 2 Carbamidomethyl(C)(No match) 

   259 - 272 1768.7269  1767.7196  1767.8144  -0.0948 0  K.QSYFAYVYPDQPYK.V(No match) 

   278 - 290 1424.5712  1423.5639  1423.6732  -0.1092 0  K.SFWTAPVTGTDSR.A No match) 
   291 - 318 2912.3081  2911.3008  2911.4212  -0.1203 0  R.AGTIVHELSHFNVVAGTDDLGYGQANAR.N(No match) 

   328 - 346 2149.8059  2148.7986  2148.8984  -0.0998 0  K.ALNNADNHEYFAENTPSEN.-  (Ions score 126) 

   328 - 346 2149.8059  2148.7986  2148.8984  -0.0998 0  K.ALNNADNHEYFAENTPSEN.-  (No match) 

 

Appendix B: MASCOT search result for EprA1 protein 

APPENDIX B 

http://www.ncbi.nlm.nih.gov/blast/Blast.cgi?ALIGNMENTS=50&ALIGNMENT_VIEW=Pairwise&AUTO_FORMAT=Semiauto&CDD_SEARCH=on&CLIENT=web&COMPOSITION_BASED_STATISTICS=on&DATABASE=nr&DESCRIPTIONS=100&ENTREZ_QUERY=(none)&EXPECT=10&FILTER=L&FORMAT_BLOCK_ON_RESPAGE=None&FORMAT_OBJECT=Alignment&FORMAT_TYPE=HTML&GAPCOSTS=11+1&I_THRESH=0.001&LAYOUT=TwoWindows&MATRIX_NAME=BLOSUM62&NCBI_GI=on&PAGE=Proteins&PROGRAM=blastp&QUERY=MMKATPIALLLAGVLASPLCAAGLDARLTLVEGSTDDVRVNLTLTNTGEKPVRLLKWQLPGSEDAPLFQVERDGQPVDYEGALIKRAAPSDKDYQLLKAGQSLTVQAEVSGLYDMSAQGQYSIRYLLPTVAQEGKAAKAKQAQASESNAVTLWVDGVSDDRVLAKAAVAEPQAVSASVSFSGRCTNTQKSDILAALDAASGIANNSSSYLAVDKPNGQRYRSWFGAYDATRWNQAETNFSKIKDAIDNKPLTFDCGCKQSYFAYVYPDQPYKVYLCKSFWTAPVTGTDSRAGTIVHELSHFNVVAGTDDLGYGQANARNLASTDPQKALNNADNHEYFAENTPSEN&SERVICE=plain&SET_DEFAULTS.x=9&SET_DEFAULTS.y=5&SHOW_OVERVIEW=on&WORD_SIZE=3&END_OF_HTTPGET=Yes
http://proteomics/mascot/cgi/getseq.pl?NCBInr+gi%7c1945442+seq
http://www.ncbi.nlm.nih.gov/htbin-post/Taxonomy/wgetorg?lvl=0&lin=f&id=644
http://www.ncbi.nlm.nih.gov/entrez/eutils/efetch.fcgi?db=protein&retmode=html&rettype=gp&id=gi%7c3122075
http://www.ncbi.nlm.nih.gov/htbin-post/Taxonomy/wgetorg?lvl=0&lin=f&id=644
http://proteomics/mascot/cgi/peptide_view.pl?file=../data/20120503/F005957.dat&query=17&hit=2
http://proteomics/mascot/cgi/peptide_view.pl?file=../data/20120503/F005957.dat&query=56&hit=2
http://proteomics/mascot/cgi/peptide_view.pl?file=../data/20120503/F005957.dat&query=53&hit=2
http://proteomics/mascot/cgi/peptide_view.pl?file=../data/20120503/F005957.dat&query=54&hit=2
http://proteomics/mascot/cgi/peptide_view.pl?file=../data/20120503/F005957.dat&query=44&hit=2
http://proteomics/mascot/cgi/peptide_view.pl?file=../data/20120503/F005957.dat&query=66&hit=2
http://proteomics/mascot/cgi/peptide_view.pl?file=../data/20120503/F005957.dat&query=61&hit=2
http://proteomics/mascot/cgi/peptide_view.pl?file=../data/20120503/F005957.dat&query=62&hit=2



