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Original article 

 

Evaluation of  antimicrobial substance produced by a bacterium isolated 

from Parmacella iberica  

 
Abstract 

Introduction and objective: Nowadays, widespread 

application of antibiotics results in resistant 

microorganisms all over the world. Thus screening 

researches for the products with antimicrobial activity have 

been lead to probe natural sources of antimicrobial agents 

to find new pharmaceutical products. Here we describe the 

antagonistic activity of a bacterium isolated from digestive 

system of Iran endemic slug, Parmacella iberica, its 

biochemical identification and phylogenetic relationships 

and extraction of antimicrobial substance.  

Materials and methods: Samples from digestive system 

of slugs were immediately transferred to broth medium. 

Antimicrobial agent-producing bacteria were isolated using 

serial dilution method on nutrient agar. One of them was 

selected for more investigation. Disk diffusion test was 

used against some laboratory standard strains to screen the 

antimicrobial potential. Identification of bacteria was done 

with 16S ribosomal DNA amplification and standard 

biochemical tests. 

Results: Phylogenetic analysis of 16S rDNA gene of this 

bacterium showed similarity to Pseudomonas aeruginosa 

confirmed by the result of biochemical tests. The results of 

the antibiogram assay implied that the antimicrobial 

substance is broad-spectrum. This substance is nonpolar 

since it is extracted by different solvents. The cell growth 

measurements revealed that this compound was produced 

at first logarithmic phase. 

Conclusion: High antimicrobial effects of the bacterium 

are evident. Due to increscent need to new antibiotics, 

purification and identification of this antimicrobial 

compound seem to be necessary for introducing new 

medicinal source.  

Significance and impact of the study: The isolation of 

bacterial strain producing antimicrobial agent with the 

broad spectrum antimicrobial properties is proposed. 
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Introduction 

Today, increase in the number of drug-

resistant pathogens, particularly the 

acquired multi-drug resistant strains, cause 

serious public health problem throughout 

the world [1]. Therefore, the need for 

antimicrobial discovery and better 

treatments of these infections, particularly 

in hospitals where resistance is immediately 

life threatening, is growing more urgent [2]. 

The study of different environments 

throughout the world has yielded a lot of 

antimicrobial agents that are of great value 

for the treatment of many infectious 

diseases. Animals are considerable to these 

researches, since they defend themselves 

against pathogenic microorganisms via 

production and secretion of antimicrobial 

components [3,4]. On the other hand, their 

intestinal tract is continuously exposed to 

bacteria present in the external 

environment. Work on soil invertebrates has 

resulted in the characterization of gut 

microbial populations from many common 

species and has provided much information 

on host-microbe interactions [5]. 

The frequency of bacteria functional 

groups in normal microflora of the digestive 

systems of different aquatic animals is 

unlike. Intestinal bacterioflora of aquatic 

animals primarily integrates into the 

protective function of the organism and 

decompose natural and extraneous, useful 

and harmful substances as well as the 

synthesis of the missing ones. Molluscs 

adaptation to the medium, their ability to 

consume alimentary substances, successful 

competition and procreation in particular 

conditions are among the principal factors 

determining the formation of a microbial 

population [6]. 

In the case of gastropod molluscs, most 

of the studies of gut bacteria have focused 

on their general ecology and potential 

pathogenic nature [5,6], and their 

antimicrobial compound-producing bacteria 

are less studied. Antibacterial component 

produced by bacteria seem to play an 

important role in the bacterial antagonism in 

aquatic ecosystems [7] and might ensure the 

predominance of a given strain in a 

bacterial niche against other bacteria of the 

same species or against other species [8]. 

Selected slugs are endemic of Iran and their 

intestinal bacterioflora are less studied, 

therefore they are potentially good 

environment for new detection.  

In this work we investigate the 

evaluation of antimicrobial agent produced 

by a bacterium isolated from the digestive 

system of Iran endemic slugs Parmacella 

iberica, its biochemical and phylogenetical 

identification and extraction of 

antimicrobial substance. 

 

Materials and methods 

Sampling, culture and bacterium isolation 

According to standard procedures, slugs 

collected from agronomy fields of Babol, a 

city in north of Iran, and taken directly to 

the laboratory. The skin of slugs was 

washed with sterile distilled water several 

times, and then they were dissected using 

sterile dissected set. Sampling was done 

from digestive system, and then the sample 

was inoculated into sterile nutrient broth 

(Oxoid, England) and incubated in a shaker 

incubator (Labtech, South Korea) at 120 

rpm and 35°C for 3-4 days. 

All bacteria were isolated by serial 

dilution which is done as in the following 

method described [4,9,10]. Ten tubes 

containing 4.5ml of physiologic serum 

(0.8% NaCl) were prepared, 0.5ml of 

inoculum was transferred to tube one and 

the content was mixed, then tube two was 

inoculated with 0.5ml of tube one. Using 

this method, we prepared dilution series 

with 1:10 steps. Next, 100l of each 

dilution was spread on nutrient agar plates 

(Merck, Germany) and then were incubated 

overnight at 35°C. Different types of 
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obtained colonies were streaked out on 

fresh plates and transferred at least three 

times for purification. Bacterial isolate were 

compared by colony morphology and 

colour [9]. Finally twelve bacterial isolate 

were purified and inoculated to nutrient 

broth separately and put into a shaker 

incubator at 120rpm and 35°C.  

The agar disk diffusion method was 

performed for the detection of antimicrobial 

agent-producing bacteria of which one was 

selected for more investigation. Growth was 

determined microscopically and by 

monitoring turbidity in this process. This 

bacterium was grown in synthetic medium 

containing the following ingredients per 

litter: NH4CL, 1g; MgSO4.7H2O, 0.2g; 

CaC12.2H2O, 0.01mg; K2HPO4, 0.05g; 

FeSO4.7H2O, 0.01g; sodium acetate, 10g; 

micro elements 1ml (ZnCl2, 70mg; 

MnCl2.4H2O, 100mg, CoCl2.6H2O, 200 mg, 

NiCl2.6H2O, 100mg, CuCl2.2H2O, 20mg, 

NaMoO4.2H2O, 50mg, Na2SeO3.5H2O, 

26mg, NaVO3.H2O, 10mg, Na2WO4.2H2O, 

30mg; and sterile distilled water, 1000ml); 

and enough NaOH to neutralize [11]. 

Since many bacteria exhibit production 

of secondary metabolites mainly in the late 

exponential or in the stationary phase, we 

investigated whether this is also the case for 

the production of antimicrobial agent by our 

strain [9]. 

 

Microorganisms 

To detect antimicrobial activity, agar 

diffusion tests with standard test organisms 

were performed using Bacillus subtilis 

ATCC 465, Staphylococcus aureus ATCC 

25923, Escherichia coli ATCC 25922, 

Klebsiella pneumoniae ATCC 10031, 

Enterococcus faecalis ATCC 29737, 

Pseudomonas aeruginosa ATCC 85327, 

Candida albicans ATCC 10231 and 

Aspergillus niger (isolated in our lab) [12]. 

B. subtilis was used as indicator strain in 

subsequent experiments because the 

antimicrobial compound produced the 

maximum mean diameter of inhibition zone 

against this bacterium. 

 

Identification of bacteria 

Isolated bacterium was identified based on 

biochemical and morphological tests and 

molecular method. 

 

Polymerase chain reaction  

Genomic DNA was purified of overnight 

culture of the bacterium using high pure 

PCR Purification kit (Roch, Germany). The 

following thermal cycle profile was used for 

the PCR: 94°C for 5mins, 30 cycles of 94°C 

for 1min, annealing at 55°C for 40S and 

72°C for 1min, and a final extension step of 

72°C for 5mins [13-15]. 

Universal primers fD1: 5'-AGAGTTT-

GATCCTGGCTCAG-3' and rD1: 5'-

TAAGGAGGTGATCCAGCC-3' were used 

in this process [16]. The PCR product was 

separated on 1% agarose gel and recovered 

by high pure PCR purification kit (Roch, 

Germany). Nucleotide sequencing analysis 

was performed with dideoxy chain 

termination method (SEQLAB, Germany) 

[15,17]. Sequences were compared with 

similar sequences of reference organisms by 

BLAST algorithm (www.ncbi.nlm.nich.-

gov/BLAST/) [9,15]. 

 

Biochemical tests 

Table 1 depicts the list of biochemical tests 

that were used [1,18,19]. 
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Table 1: Results of biochemical and 

morphological tests of strain Q 

 
Biochemical 

tests 

Result 

strain Q 

P. aeruginosa 

Cell shape Rod Rod 

Gram’s reaction - - 

Motility  + + 

Glucose 

Oxidation  

+ + 

Glucone 

Fermentation 

+ + 

Mannitol + + 

Lactose - - 

Sucrose + + 

Maltose + + 

Catalase + + 

Oxidase + + / - 

Growth on 

MacConkey 

+ + 

Citrate + + 

Sodium acetate + + 

Urease + - 

Nitrate + + 

DNAse   - - 

Indole + - 

TSI slant Alk/Alk Alk/Alk 

Amylase  - - 

H2S (TSI butt) - - 

Manitol salt 

agar 

- - 

Gelatin + + 

Pigment + + 

Growth at 42◦C + + 

Growth at 4◦C - - 

Methyl red + - 

Voges-

Proskauer 

- - 

 

Antimicrobial activity assay 

Strains tested for antibacterial activity were 

grown in synthetic medium with sodium 

acetate as carbon source and nutrient broth 

at 120rpm and 35°C until the stationary 

phase was reached after 68-70h [9]. Cell-

free culture supernatant was obtained by 

centrifugation at 12,000rpm for 10mins at 

4°C and pH-adjustment to seven with 1M 

HCl [20]. Then sterile antibiotic assay disks 

(Padtanteb, Iran) (6.4mm diameter) were 

soaked with culture supernatant of the strain 

and placed on agar plates previously 

inoculated with a swab submerged in the 

suspension of indicator strains which 

corresponded to a 0.5 McFarland turbidity 

standard solution [9,21].  

The plates were incubated at 35°C in 

the dark overnight and checked afterwards 

for inhibition zones in mm. In order to 

check the antimicrobial activity of our 

strain, a portion of medium and culture 

supernatant of the standard strain of P. 

aeruginosa were tested as control [9]. All 

the tests were performed in Muller-Hinton 

agar (Merck, Germany) [22]. 

 

Effects of temperature, pH and organic 

solvents on the stability of antimicrobial 

activity 

The antimicrobial activity was tested for 

sensitivity to several organic solvents, heat 

and pH. To determine the effect of 

temperature on antimicrobial compound 

activity, aliquots of culture supernatant 

were prepared in screw capped tubes, 

adjusted to pH 7 and placed at 4, 35, 50, 60, 

70, 80 and 100°C for 2h in water bath 

(Memmert, Germany) [1,4,22]. The 

antimicrobial compound was also subjected 

to autoclaving temperature (121°C for 

15mins) [23]. 

Aliquots of the supernatant were 

incubated at different pH values (pH 2-12) 

at 35°C for 120mins in screw capped tubes, 

then neutralized to pH 7.0 [4,24]. To assay 

the effect of organic solvents on 

antimicrobial activity, organic solvents 

were added to the supernatant and the 

samples were incubated at 35°C for 

120mins. Before and after each treatment 

the samples were tested for antimicrobial 

activity against B. subtilis as indicator 

organism [4,25] and an untreated cell-free 

supernatant served as control [9]. 
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Polarity of the antimicrobial agent  

To extract the antimicrobial agent, culture 

filtrate was mixed with 10% (v/v) of 

organic solvents such as chloroform, ethyl 

acetate, ether and n-hexan, vigorously 

shaken and the mixture was allowed to 

separate. The lower phase (organic phase) 

was separated from the exhausted 

supernatant (upper phase) and this was 

repeated 15 times. The solvent phase was 

concentrated under reduced pressure by a 

vacuum pump at 30°C (R-114, Buchi, 

Switzerland) until no solvent was left [26]. 

Then, two phases were tested for their 

antimicrobial activity by the agar disk 

diffusion method. 

 

Results 

Four of the twelve isolated bacteria 

produced antimicrobial agent. One of them 

(hereafter Q) was selected for more 

studying on the basis of maximum optical 

density in nutrient broth and the most 

average diameter of the zones of microbial 

inhibition in disk diffusion method against 

tested microorganisms. Morphological and 

physiological characteristics of the isolated 

bacterium were compared with data from 

Bergey’s Manual of Systematic Bacterio-

logy. Summarized results of biochemical 

and morphological tests are presented 

in Table 1. These characteristics suggest the 

genus Pseudomonas that was confirmed by 

phylogenetic analysis of the 16S rRNA 

gene. 

The sequence of 16S rDNA was 

obtained after DNA extraction and PCR 

amplification result in 1500bp (Fig. 1). The 

sequence was reversed, aligned and 

compared to similar database sequences 

using the Bioedit software. BLAST analysis 

demonstrated a high level of similarity 

(98%) to the sequence of P. aeruginosa 

EF433547.1 and several other strains (all 

showing 98% similarity). 

Inhibition zones of this bacterium in 

agar diffusion tests showed that the 

production of antimicrobial agent started 

during the early logarithmic phase of 

growth reaching maximum values at the 

late-logarithmic phase (Fig. 2). This 

bacterium in synthetic medium, an OD650 

of 1.2 was obtained and the pH value was 

nearly constant (pH 8.0-9.0) during 

cultivation. Figure 3 demonstrates the 

relationship between cell density (OD 

650nm) and inhibition zone (mm) depicting 

maximum antibacterial activity which was 

observed after 52h. The results of 

antimicrobial activity assay are shown in 

Table 2. Synthetic medium and nutrient 

broth didn’t show any antibiotic properties 

whereas the standard strain of P. 

aeruginosa inhibited the growth of B. 

subtilis, E. coli, C. albicans and A. niger.  

 

 
  

 

 

Fig. 1: Right: Electrophoresis 

marker; Left: Separation of PCR 

product of 16S rDNA on 1% agarose 

gel and the sharp band produced by 

the strain Q 16S rDNA on the right. 

1kb marker used is shown on the left 
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Fig. 2: Zones of inhibition produced by strain 

Q at 24h against the indicator microorganism, 

B. subtilis 

 Fig. 3: Production of antimicrobial activity 

during growth of strain Q in synthetic medium at 

35°C; turbidity (a) and antibacterial activity (b) 

were monitored. 
  

Antimicrobial agent was stable at all six 

temperatures 4, 35, 50, 60, 70, 80°C and the 

antimicrobial activity decreased only when 

treated at 100°C and 121°C (Fig. 4). In 

addition, it was active at pH 4-9, preserving 

about 100% of its initial activity but the 

antimicrobial activity decreased at pH 2, 3, 

10, 11 and 12 (Fig. 5). When treated with 

organic solvents, the antimicrobial activity 

was only sensitive to diethyl ether. 
 

Table 2: Antimicrobial activity of strain Q 

against selected microorganisms 
 

Standard strain Zone of inhibition 

P. aeruginosa - 

E. coli + 

S. aureus ++ 

B. subtilis ++ 

E. faecalis ++ 

C. albicans ++ 

A. niger - 

K. pneumoniae + 
(++) inhibition zone ≤ 25 mm, (+) inhibition zone ≥ 25 mm 

   

 

 

 
Fig. 4: Stability of antimicrobial activity at 

different temperatures 

 Fig. 5: Stability of antimicrobial activity at 

different pH 

 



Ebrahimipour et al.                                137  

 

Jundishapur Journal of Microbiology, School of Medicine, Ahvaz Jundishapur University of Medical Sciences, Ahvaz, 

Iran, Tel: +98611 3330074; Fax: +98611 3332036; URL: http://jjm.ajums.ac.ir; E-mail: editorial office: jjm@ajums.ac.ir 

JJM. (2011); 4(3): 131-140.  

 

The inhibition zone of solvents extract of 

bacterium against all the tested 

microorganisms showed in Table 3. The 

aqueous phase was not effective on 

indicator microorganism, however, the 

organic phase retained its antimicrobial 

activity and this shows that the 

antimicrobial compound is nonpolar.  

 
Table 3: Antimicrobial spectrum of solvents 

extract of strain Q against all tested 

microorganisms 

 

Solvent Inhibition zone 

Solvent Solvent 

phase 

Aquatic  

phase 

Ethyl acetate - + - 

n-Hexan - + - 

Chloroform - + - 

Ether - + - 

 

Discussion 

Throughout the last 50 years, antibiotics 

have been the main treatment modality used 

to fight bacterial infections. Prolonged and 

indiscriminate use of antibiotics to treat 

infections in both man and animals has 

resulted in the rapid emergence of 

antibiotic-resistant bacteria [27]. Therefore 

the search for bacterial strains producing 

antimicrobial agents has been intensified. 

However the discovery of new classes of 

antimicrobial agents with broad-spectrum 

antimicrobial properties has been slow 

[27,28]. 

In this work, the bacterium was isolated 

from digestive system of slug endemic in 

Iran, capable of producing a broad spectrum 

antimicrobial compound. So far, antibiotic 

producing bacterium from P. iberia has not 

been reported. Our strain was identified 

based on phenotypic and genotypic 

characteristics. Because of these 

characteristics, this species can be assigned 

to the species level as P. aeruginosa, which 

is a taxon with broad distribution on diverse 

environments [21]. 

Table 1 summarizes biochemical and 

morphological characteristics of the strain 

Q in comparison with P. aeruginosa 

in Bergey’s Manual of Systematic 

Bacteriology. Antimicrobial agent shows an 

interesting spectrum of antimicrobial 

activity. Differences were observed in the 

susceptibility to the antimicrobial agent 

within different analysed strains. This may 

be due to the absence of receptors for the 

adsorption of the bacteriocin, or to some 

mechanism of bacterial resistance [29]. P. 

aeruginosa can produce a variety of 

inhibitory substances. Small antimicrobial 

substances such as pyocyanin and 

pyoverdin have been described for 

Pseudomonas spp. [30,31]. 

Pyoverdin has a good antifungal 

activity against the deleterious fungi and its 

maximum inhibition was observed against 

A. niger [32] whereas our antimicrobial 

agent is not able to inhibit A. niger. 

Pyocyanin has antifungal activity against A. 

niger, too [30,33]. Moreover, pyocyanin is a 

blue-green phenazine pigment [30] whereas 

our strain, when grown in a glucose-

containing medium, produced antimicrobial 

substance but without any formation of 

green pigment. Also P. aeruginosa 

produces an antibiotic that its inhibitory 

activity has been observed against E. coli, S. 

aureus and C. albicans [34]. This 

substance, pyrrolnitrin, inhibits fungal 

pathogens among A. niger [33].  

Pyocin AP41 was stable at 50°C for 

30min, but it was rapidly inactivated above 

70°C [35], while this reported agent is 

active at temperatures between 4-120°C. On 

the other hand, inhibitory activity of S-type 

pyocin is limited to P. aeruginosa strains 

and R-type pyocins are able to kill other 

gram negative bacteria, but our 

antimicrobial agent showed a broad 

inhibitory spectrum including several 

Gram-positive and Gram-negative except P. 

aeruginosa [36]. Activity spectrum of 
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bacteriocin LlpA produced by 

Pseudomonas sp. strain BW11M1 is very 

different than our strain [37]. 

Moreover an antibiotic producer, 

Pseudomonas sp. of Persian Gulf was 

reported to show antibacterial activity 

against only Gram-positive bacteria, and not 

to the Gram-negative bacteria which were 

resistant to it [1]. In addition, the 

antimicrobial agent presents a broad 

antimicrobial spectrum and is more heat-

stable than classical pyocins produced by P. 

aeruginosa [21]. The bacteriocin isolated 

from P. syringae was observed to be a pH 

and heat-sensitive compound with a narrow 

spectrum of activity when compared with 

the isolated bacterium [38].  

The pH values of the culture 

supernatants of the strain Q indicate that the 

inhibitory effect was not due to the 

production of organic acids [21]. The 

stability of data and results of antimicrobial 

activity assay of this agent extracted by 

organic solvents, suggest that this substance 

may be a novel inhibitory agent and the 

nature of this substance merits future 

investigation. On the other hand, strain Q 

showed a broad inhibitory spectrum, 

including several pathogenic microorgani-

sms such as E. faecalis and S. aureus that 

their resistance to drugs has been 

significantly identified [27]. The activity 

and stability of this antimicrobial agent in 

alkaline pH could be promising in potential 

clinical application due to mild alkalinity of 

human serum (pH 7.4). 

The broad-spectrum inhibitory activity 

isolated strain may introduce an ecological 

benefit, due to its ability to inhibit some 

competing microorganisms. Yet, the role of 

antimicrobial substances produced by this 

bacterium is still under investigation. There 

are some intensive chemical and 

biochemical experiments in our lab to 

determine the exact chemical nature of this 

agent. 

Conclusion 

Our study showed that the isolated 

bacterium has excellent antimicrobial 

activity against the six tested 

microorganisms. High antimicrobial effects 

of the bacterium are evident, therefore 

investigation on antagonistic effect of this 

compound on other bacteria and 

purification and identification of agent are 

proposed in order to detect minimum 

inhibitory concentration and minimum 

bactericidal concentration of this 

pathogenic. 
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