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Abstract: This study aimed to look into the expression of 10 virulence factors (VF) in 100 Escherichia 

coli strains harvested from the Black Sea Coast. E. coli strains were grown under different conditions, 

simulating various environmental stressors. The VF production [esculinase, amylase, pore-forming 

enzymes (hemolysin - spot and CAMP-like hemolysis; lipase; lecithinase)], lysine-decarboxylase, 

proteases (caseinase, gelatinase) and DNase was investigated at variable temperatures (4°C, 22°C, 

37°C, 44°C and 56°C), NaCl (from 0 to 10%) and glucose concentrations (1.5% and 3%), different pH 

values (5.0, 7.2 and 9.6) and also in aerobic or anaerobic incubation conditions. The investigation of E. 

coli strains unraveled their ability to grow at 22°C, 37°C, 44°C, regardless of the salinity, pH, and 

glucose concentration, both in aerobic and anaerobic incubation conditions. The VF were better 

expressed at 37°C, followed by 22°C, especially siderophores, amylase, and caseinase production. The 

expression of different VF was variable at a certain salinity, i.e., at 0% NaCl, only amylase and 

siderophores production was observed. At 2% and 3%, the amylase was better expressed. The best 

expression of siderophores and caseinase was at 6% NaCl. At higher salinity, the expression of VF 

started to decrease. The amylase and caseinase were better expressed at pH 9.6 and siderophores at pH 

7.2. Higher glucose concentrations (3%) proved to have an inhibitory effect on amylase expression and 

caseinase. The aerobic/anaerobic incubation conditions exhibited no significant differences in the VF 

expression. In conclusion, these outcomes reveal the ability of enterobacterial aquatic strains to survive 

in the presence of different stressors and maintain the expression of potential VF expression even in 

extreme environmental conditions.  
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1. Introduction 

Fecal pollution of water bodies is a challenging concern both in the environment and 

public health [1]. Fecal pollution may occur from different sources, including wastewater, 

agricultural, and urban pluvial spills [2]. Identifying and eliminating the cause of contamination 

is not an easy task. In the main, measuring the density of fecal indicators for evaluating fecal 

pollution involves a limited number of surface water samples [3,4]. 
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E. coli is a fecal coliform bacteria that can be found in the animal and human intestine 

[5]. The identification of E. coli in the water is a characteristic indicator of recent pollution 

with animal dejection or wastewaters [6,7]. During various precipitations such as rains or 

melting snow, these bacteria can be lugged in bays, rivers, lakes, or groundwater. If these 

contaminated waters are not treated or inadequately treated, using them as drinking water can 

lead to an infection with this bacteria [8,9]. E. coli can survive in benthos and afterward can 

pass in surface waters [10]. At low temperatures, residual pollution can still be observed, even 

the levels of fecal coliform rapidly decrease. However, a restoration between 1% to 10% of the 

total initial population can be observed subsequently. Furthermore, it was observed that E. coli 

strains collected from septic tanks have low genetic variability, forming a distinct clone [11]. 

This is in contrast to E. coli strains isolated from the water tanks of households [12]. 

Most E. coli strains from water flows are nonpathogenic and live in healthy human and 

animal intestines. However, there are still some E. coli strains that may express VF acquired 

from pathogenic species, factors that can lead to the occurrence of severe clinical forms of 

infection [13–19]. 

2. Materials and Methods 

In this study, were have analyzed the VF profiles 100 E. coli strains collected in 

Constanta, Romania, from seawater. The isolation of these strains was realized using the filter 

membrane method, according to SR ISO 9308-1 2000, using a volume of 100 ml water and a 

filter membrane with a 47 mm diameter. Afterward, the membrane is placed over Lactose TTC 

medium discharged in 47 mm diameter Petri plates. Subsequently, at the end of 48 hours 

incubation at 44°C, E. coli yellow colonies will be further identified by oxidase and indole 

production tests.  

Inoculation of 1 mL broth was realized using bacterial suspensions performed in PBS 

from 24h cultures, with 0.5 McFarland standard turbidity. Afterward, the media were incubated 

24h at different temperatures (4ºC, 22ºC, 37ºC, 44ºC, and 56ºC), both in aerobic and anaerobic 

conditions. Subsequently, the same suspensions were used for inoculation of 1 ml broth with  

different pH values (5.0, 7.2 and 9.6), glucose (1.5% and 3%) and NaCl concentrations (0%, 

0.5%, 2%, 3%, 4%, 5%, 6%, 7%, and 10%). After 24h at 37ºC expression of soluble VF (i.e., 

lecithinase, lipase, hemolysin - spot and CAMP-like hemolysis, gelatinase, caseinase, amylase, 

siderophores production, DN-ase, lyzindecarboxylase) of the E. coli strains grown in different 

stress conditions were investigated [20]. Detection of the pore forming-toxins was done by 

spotting the cultures on 1 % Tween 80 agar for lipase and 2.5% yolk agar for lecithinase and 

incubated up to seven days at 37ºC. An opaque (precipitation) region around the spot was 

confirmed as a positive reaction for lipase and lecithinase production [21]. Isolated colonies 

were obtained streaking E. coli strains on blood agar plates containing 5% (vol/vol) sheep 

blood, followed by incubation 24 h at 37°C. In the end, the clear regions (lysis of red blood 

cells) around the colonies were confirmed as positive reactions. To test the production of the 

CAMP-like factor, the strains were streaked at 8 mm distance from the β-hemolysis, producing 

Staphylococcus aureus (ATTC25923) and Rhodococcus equi (ATCC 6939) strain on 5% sheep 

blood agar plates and incubated in aerobic conditions at 37°C for 24h. The synthesis of the 

CAMP-like factor was confirmed by synergistic clear hemolysis observed at the junction of the 

two spots areas, often with an arrow-like shape [22]. 
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To investigate gelatinase production, the strains were spotted in the solid medium and 

incubated with gelatin 37ºC for 24h. The presence of an area of precipitation around the area 

of growth indicated proteolysis of gelatine (presence of gelatinase). 

The caseinase activity was established using a 15% soluble casein agar as a substrate. 

After spotting and incubation of strains at 37ºC for 24h, a clearing zone surrounding the growth 

indicated casein proteolysis. 

Amylase production was tested on a 10% starch supplemented agar medium. The 

strains were streaked and incubated at 37ºC for 24 h. Starch hydrolysis was confirmed through 

a transparent region around the culture spot. 

The siderophores production was tested by the esculin hydrolysis reaction. For this 

purpose, the strains have been streaked on esculin. Esculin reacts with Fe citrate from medium, 

and subsequently, the esculetol (acting as siderophore production) was indicated by the 

occurrence of black color, highlighting the ability of bacteria to hydrolyze esculin. 

The DNase production was observed using a DNA supplemented medium. On this 

medium, E. coli strains were spotted and incubated at 37ºC for 24h. Following incubation, upon 

the spotted cultures was added a drop of HCl 1N solution, and the clear regions around the 

culture were registered as positive reactions. 

Decarboxilases (LDC) have a good activity (efficiency) in anaerobiotic conditions and 

acid pH. This enzyme has the ability to catalyze in the presence of phosphate pyridoxal 

coenzyme and ornithine (diamino-monocarboxylic amino acids). Lysine-decarboxylase 

reaction involves specific diamines production [23,24]. Lysine decarboxylase detection is 

realized based on highlighting the pH variation in the environment. The glucose fermentation 

in bacteria with fermentative metabolism can be observed by growing on acid medium, whose 

color will change from purple to yellow. When bacteria do not harbor the enzymatic equipment 

to produce lysine decarboxylase, the medium remains purple. In the presence of enzymes like 

phosphate pyridoxal coenzyme and ornithine (diamino-monocarboxylic amino acids), a 

secondary re-alkalinization of the medium due to diamine-cadaverine production will have a 

place. The medium color will turn again to purple [25,26]. 

3. Results and Discussion 

The physical and chemical environmental conditions firmly influence the optimal 

biological activity of microorganisms. Both the growth and multiplication processes will 

typically take place only if the environmental conditions are optimal. In natural environments, 

optimal conditions are infrequent, but bacteria can manage this through a remarkable ability to 

adapt and survive in extreme conditions [27,28]. 

As shown in figures 1 and 2, of the 11 soluble VF tested, 8 of them expressed high 

levels; the highest level of expression was noticed for amylase when we used a liquid medium 

for obtaining primary cultures. 

These results demonstrate that both the capacity of invasion and the toxigenesis in 

marine E. coli strains are much better expressed when the bacteria are developed in a liquid 

medium. 

Temperature is an essential factor that influences several processes like biochemical 

reactions in cells, increasing proportionally, and the ability to survive. Nucleic acids and other 

cellular components are sensitive to high temperatures above a certain level and can be 

irreversibly inactivated. Unlike the extreme temperatures that could block the antimicrobial 

activity, moderate temperatures tolerate the normal metabolic processes [29, 30]. 
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Figure 1. The influence of the consistency of the culture medium on the level of the phenotypic expression (%) 

of the enzymes with role in the process of invasion and survival in E. coli strains harvested from seawater, 

incubated in aerobiosis. 

 
Figure 2 . The influence of the consistency of the culture medium on the level of the phenotypic expression (%) 

of the pore-forming toxins in E. coli strains obtained from seawater, incubated in anaerobiosis. 

 
Figure 3. The influence of temperature in aerobiosis conditions on the level of the phenotypic expression (%) of 

the enzymes involved in the process of invasion and survival in E. coli strains harvested from seawater. 
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Figure 4. The influence of temperature on the level of the phenotypic expression (%) of the pore forming toxins 

in E. coli strains isolated from seawater incubated in aerobiosis. 

 
Figure 5. The influence of temperature on the level of the phenotypic expression (%) of the enzymes involved 

in the process of invasion and survival in E. coli strains incubated in anaerobiosis. 

 
Figure 6. The impact of temperature on the level of the phenotypic expression (%) of the pore-forming toxins in 

E. coli strains incubated in anaerobiosis. 
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In terms of incubation temperature, the broadest spectrum of virulence expression 

factors was observed at 37°C, in strains incubated in anaerobe conditions (fig. 3, 4). These 

results could explain the pathogenicity of E. coli strains involved in intra-abdominal infections. 

Similarly, in anaerobiosis conditions, at 37°C, the expression of the most soluble VF 

was observed for both the enzymes involved in the invasion and survival, as well as in the pore-

forming processes (fig. 5, 6). 

The expression of the enzymes involved in the invasion and survival process is slightly 

inhibited in anaerobiosis conditions, regardless of the incubation temperature (fig. 7, 8). 

 
Figure 7. The consequence of O2 presence/absence on the level of the phenotypic expression (%) of the 

enzymes involved in the process of invasion and survival in E. coli strains. 

 
Figure 8. The impact of O2 presence/absence on the level of the phenotypic expression (%) of the pore-forming 

toxins in E. coli strains. 

Each microbial species grows at optimum pH, mostly at a neutral one (7.2 to 7.6), 

excepting Vibrio cholerae that grow at an alkaline pH (8.9 to 9.2). At the same time, yeasts and 

molds survive in acid pH [31]. 

The lecithinase was slightly expressed only in physiological pH (7.2); this also is the 

pH value at which the most soluble VF were expressed. The caseinase and amylase expression 

is favored by acid pH. The lysine decarboxylase was the only enzyme on which the pH 

https://doi.org/10.33263/BRIAC00.000000
https://biointerfaceresearch.com/


https://doi.org/10.33263/BRIAC00.000000 

 https://biointerfaceresearch.com/ 7055 

variation of the culture medium did not modify, expressing in 100% in all pH variations (fig. 

9, 10). The pH variation did not significantly influence the expression of the VF, who presented 

a similar profile, with a remarkable growth of the proteolytic potential, emphasized by the high 

level of caseinase in pH 5.0 (fig. 9, 10). 

 
Figure 9. The impact of the culture medium’s pH variation on the level of the phenotypic expression (%) of the 

enzymes involved in the invasion and survival capacity of E. coli strains harvested from seawater. 

 
Figure 10. The consequence of the pH variation on the level of the phenotypic expression (%) of the pore-

forming toxins in E. coli strains isolated from seawater. 

This study has found that soluble VF were better expressed in lower glucose 

concentrations (1.5%) (fig. 11, 12).  

The higher glucose concentration (3%) in the medium slightly inhibited the expression 

of lysine decarboxylase, amylase (fig. 11), hemolysin, and of the CAMP factor with S. aureus 

ATCC 25923 (fig. 12). This glucose concentration from the culture medium induced significant 

influences in the expression of esculinase (fig. 13) and caseinase (fig. 11).  

The 1.5% glucose concentration stimulated the esculinase production (fig. 13), 

demonstrating the fact that at a low glucose concentration, bacteria synthesize enzymes 
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involved in metabolizing other C sources, like the case of esculin, a complex heteroside, 

revealing the ability of these strains to initiate an infectious process. 

 
Figure 11. The impact of the glucose concentration on the level of the phenotypic expression (%) of the 

enzymes involved in the invasion and survival in E. coli strains. 

 
Figure 12. The effects of the glucose concentration on the level of the phenotypic  

expression (%) of the pore-forming toxins in E. coli strains. 

 

 

 

Figure 13. The impact of the glucose concentration on the expression of esculinase in E. coli strains isolated 

from seawater (a and b). 

a. the expression of esculinase in the 

presence of 1.5% glucose concentration  

b. the expression of esculinase in the 

presence of 3% glucose concentration  
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Different NaCl concentrations in the culture medium generally inhibited the expression 

of the soluble VF; the most significant percentage of soluble VF were expressed in 6% and 2% 

NaCl concentrations, followed by 0.5% (fig. 14, 15) [32]. 

It was observed that NaCl concentration has a substantial impact on the esculinase (fig. 

16) and caseinase (fig. 14) expression. 

In high NaCl concentrations in the culture medium, we observed a growth in the 

virulence potential, with a maximum value reached at 6% NaCl, demonstrating the fact that 

high osmolarity accentuates the potential of these strains to initiate an infectious process. 

 
Figure 14. The impact of the NaCl concentration on the level of the phenotypic expression (%) of the enzymes 

involved in the invasion and survival in E. coli strains. 

 
Figure 15. The effects of the NaCl concentration on the level of the phenotypic expression (%) of the pore-

forming toxins in E. coli strains isolated from seawater. 

Of the ten analyzed soluble VF, only amylase, esculinase, caseinase, lysine-

decarboxylase, and hemolysins were expressed in all used NaCl concentrations, presenting 

different expression intensities. 

The soluble VF with the most constant expression in different medium conditions were: 

amylase, esculinase, caseinase, lysine-decarboxylase, and hemolysins. 

A slight expression was noticed for lecithinase and CAMP factor, both for S. aureus 

ATCC 25923, and for R. equi ATCC 6939, regardless of the incubation conditions. 
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In the case of the present study, out of the ten soluble VF analyzed, two factors (lipase 

and DNase) were not highlighted in any of the cultivation conditions. 

 
 

 

Figure 16. The influence of the NaCl concentration on esculin hydrolysis capacity (a, b and c). 

4. Conclusions 

Among the tested VF, the most constant expression in different experimental conditions 

was obtained for lysine-decarboxylase, amylase, and hemolysin, and the largest variations for 

the production of esculetol (iron chelator) and caseinase. The highest expression of VF was 

noted at a temperature of 37°C, pH 7.2, 0.5% NaCl, and 1.5% glucose concentration. The 

incubation in aerobiosis/anaerobiosis did not influence the expression of VF. In all 

experimental conditions, it was observed that the enzymes with essential roles in the invasion 

and survival process were phenotypically expressed at higher levels, in contrast to the pore-

forming enzymes. Cultivation on liquid mediums favored the expression of enzymes for both 

the enzymes involved in the invasion and survival process and the pore-forming toxins. 
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