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Abstract:

The present study included collecting of 125 clinical bacterial isolates from different
sources such as pus, sputum, nasal polyps, urine and blood. The collected bacterial isolates
were preliminary identified by biochemical tests as 44 Pseudomonas spp., 35 Klebsiella spp.,
18 E. coli, 17 Acinetobacter spp., 8 Proteus spp. and 3 Enterobacter spp., The test for biofilm
formation in these isolates was carried out by using three different methods that finally
resulted in 27 positive biofilm forming isolates. Production of quorum sensing signal
molecules (acyl homoserine lactone) was detected in 20 isolates using gas chromatography
mass spectrum (GC/MS); These isolates were 3 Pseudomonas spp., 6 Klebsiella spp., 8 E.
coli and 3 Enterobacter spp., The anti-biofilm activity of some plant extracts was carried out
using tube method. It showed that Syzygium aromaticum was the most effective one and
inhibited biofilm formation in all isolates followed by Allium sativum. Syzygium aromaticum
extract also inhibited quorum sensing production in the selected 20 bacterial isolates. From
the above results, Syzygium aromaticum extract was recommended to be used as an active
antibacterial agent against multidrug resistant bacteria due to its ability to inhibit biofilm
formation and quorum sensing signal production. Finally, the most potent bacterial isolates
were genetically identified by 16S rRNA gene sequencing.
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1. Introduction

Biofilm is an exopolysaccharide, a slime matrix around multiple layers of cells. Biofilm
formation is considered to be two-step process in which the bacteria first adhere to a surface
by production of exopolysaccharides, followed by multiplication to form multilayered biofilm
[1,2]. Within a biofilm, bacteria communicate with each other by production of chemotactic
particles or pheromones, a phenomenon called quorum sensing [3]. Microorganisms growing
in a biofilm are intrinsically more resistant to antimicrobial agents than planktonic cells. High
antimicrobial concentrations are required to inactivate organisms growing in a biofilm, as
antibiotic resistance can increase 1,000 fold. [4]. Quorum sensing (QS) is a complex
environmental sensing system employed by bacteria to communicate among themselves and
thereby regulate their population activities in response to various stimuli. The QS mechanism
depends on the synthesis and release of chemical signals into the environment and on the
detection of these signals as a function of cell population density.
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2. Materials and Methods

Such group behavior results in altered gene expression that drives the activities of the
bacteria in a coordinated manner [5, 6]. Bacteria synthesize chemical signals that include a
wide variety of small molecules [7]. Of these, the N-acylhomoserine lactones (AHLS) are the
most commonly used by Gram-negative bacteria for bacterial communication. The
biosynthesis and effects of AHLs depend primarily on the activity of the Luxl and LuxR
protein families, respectively. After AHLs are produced by Luxl enzymes (AHL synthases),
they diffuse across bacterial membranes and accumulate externally until reaching high local
concentrations. At a given threshold intracellular concentration, the AHL binds to a LuxR
response regulator forming a complex that regulates gene expression [8, 9] such as biofilm
formation. Therefor targeting inhibition of quorum sensing resulted in inhibition of biofilm
formation and stop pathogenicity and resistance of pathogenic gram negative bacteria against
the common used antibiotics.

The aim of this work was to inhibit biofilm formation via targeting quorum sensing
system in some pathogenic Gram negative bacteria by using some medicinal plants.

2.1. Bacterial isolates
A total number of 125 clinical isolates were collected from microbiology laboratory in
El-Demerdash hospital. All of these isolates were Gram negative bacteria.

2.2. Plant materials

Twelve plant species were exploited in this study some of them were collected
from the garden of Botany Department, Faculty of Science, Ain Shams University and the
others were purchased from local commercial markets in Cairo city, Egypt.

2.3. Preliminary Identification of clinical isolates

Preliminary screening was carried out according to Bergey’s Manual of
Determinative Bacteriology [10].

2.4. Detection of biofilm formation

Biofilm formation was detected by three different methods; Congo Red Agar
method according to [11], Micro-titer plate assay [12] and tube method [13].

2.5. Inhibition of biofilm formation

The antibacterial activity of some plant extracts was detected using the standard
well agar diffusion method [14] and also tested for their ability to inhibit biofilm formation in
the selected bacterial isolates using tube method [13].

2.6. Antibiotic susceptibility test

The selected bacterial isolates were tested for their resistance and sensitivity to 13
different antibiotics using disc diffusion method and the inhibition zone was measured
according to Clinical Laboratory Standard Institutes guidelines [15].
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2.7. Detection of quorum sensing signal production

Production of quorum sensing signal molecules (acyl homoserine lactones) was
detected using gas chromatography mass spectrum (GC/MS) before and after treatment with
Syzygium aromaticum extract. Acyl homoserine lactone was extracted from the bacterial
culture as described in [16].

2.8. Identification of the selected bacterial isolates by 16S rRNA gene sequencing

The most potent bacterial isolates were genetically identified by 16S rRNA gene
sequencing at Sigma Scientific services Co., El Giza, Egypt.

2.9. Data analysis

Means and standard deviations of the studied variables were calculated. The
differences among the means of the studied variables were tested using F-test. In
addition, after testing the data for normality, one way and two way analysis of variance
(ANOVA) was used to assess the significance of variations among the different variables
using post hock according to SPSS software [17].

3. Results and discussion
3.1. Preliminary Identification of clinical isolates
Table (1): Biochemical tests for identification of the clinical isolates.
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3.2. Detection of biofilm formation
Twenty seven isolates were positive biofilm forming in the three different methods of
biofilm detection (Table 2), these isolates were tested for quorum sensing signal production.
Table (2): The percentage of positive biofilm forming isolates using
different methods.

Biofilm production

Isolates CRA method Microtiter Tube method
plate assay

After After (ELISA) | Weak | Moderat | Stron | Total

24h 48h e g no.
Psspp. | 12 12 11 0 1 5 6
Kspp. |14 14 15 2 2 4 8
E.coli |7 7 8 3 2 3 8
Acspp. | 6 6 6 1 0 1 2
Prspp. |2 2 1 0 0 0 0
Enspp. | 2 2 3 2 0 1 3
Total 1 43 44 8 5 14|27
no.
% 34.4 35.2 21.6

The previous results reported that using of more than one method was required for the test of
biofilm formation; these results were correlated with [18, 19, 20 &21].

Figure (1): Biofilm formation test by different bacterial isolates using
CRA medium. A: -ve biofilm formation (red color), B: +ve
biofilm formation (black color).
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Figure (2): Bacterial isolates showing positive biofilm formation by ELISA reader

Ps: Pseudomonas; K: Klebsiella; E. coli: Escherichia coli; Ac: Acinetobacter; Pr: Proteus
and En: Enterobacter. The arrow on the right side of the figure indicates the level
of positive biofilm production (absorbance value >0.12).

Figure (3): Positive and negative biofilm forming isolates using tube method.
A and B: -ve biofilm formation; C: +ve biofilm formation

3.3. Antibiotic susceptibility test

Sensitivity of the identified 20 clinical isolates towards different standard antibiotics was
carried out to detect the multi-drug resistance of these isolates. Table (3) represented the
susceptibility of the selected 20 clinical isolates to 13 different antibiotics. The sensitivity and
resistance of the isolates were performed using the disk diffusion method. From the statistical
analysis by F test, it showed that there is a highly significant difference between different 20
bacterial isolates with each other by the value F=2337*** F= 100798*** between different
antibacterial agents (12 plant extracts and 13 antibiotics) with each other and F=773***
between different antibacterial agents (12 plant extracts and 13 antibiotics) and different 20
bacterial isolates at the probability P<0.001. From the previous results, Pseudomonas sp41

334



J. Sci. Res. Sci.,Vol.(35), 2018

was the most resistant one against the all tested antibiotics followed by Pseudomonas sp42.
For Klebsiella spp, the isolate K35 was more resistant than K28. For E. coli, the isolate E.
colil3 was the most resistant one followed by E. colil6 and E. colil4. Finally the isolate
Enterobacter sp3 was more resistant than Enl and En2 to the tested antibiotics.

The results obtained were confirmed by [22 & 23], who found that erythromycin had
the highest overall resistance and also most of the selected isolates (Pseudomonas spp.,
Klebsiella spp., E. coli and Enterobacter spp.) showed highly resistance against commonly
used antibiotics.
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Table (3): Effect of different antibiotics on the biofilm forming bacterial isolates.
Isolate Inhibition zone (mm)

GM OFX LEV AZM E |C Pl TEC | FOX CRO SXT AVG CIS
Ps25 15+0.6 | 28+2.0 | 30+15 |0 0 |0 13+0.6 |0 15+0.6 |16+1.0 |0 12+0.6 | 21+1.5
Ps4l 0 0 0 0 0 (0 0 0 0 0 0 0 0
Ps42 11+0.6 | 20£0.6 | 39+1.7 |0 0 |12+0.6 |16+x1.0 |0 0 0 16+£15 |0 12+1.5
K9 0 0 9106 |0 0 |16+0.6 |10+0.6 |0 0 0 0 0 11+1.5
K12 20+0.6 | O 10+0.6 |0 0 |20+2.0 |11+06 |0 0 0 0 0 11+0.6
K13 0 2606 |0 0 0 |22+15 |0 0 0 0 0 0 0
K16 18+0.6 |0 13+15 |0 0 |20+0.6 |11+06 |0 0 0 0 0 24£1.5
K28 0 0 0 0 0 (0 15+0.6 |0 0 0 0 0 23+2.5
K35 0 0 0 0 0 |0 14+1.2 |0 0 0 0 0 20+2.0
E.coli3 |0 0 10+1.2 | 11+06 |0 |20+35 |0 0 14+25 | 0 0 0 12+0.6
E.coli6 |22+0.6 |30+1.5 |31+2.3 |0 0 |18+25 |[17#25 |0 0 13+15 [ 2415 |0 28+1.5
E.coli7 |20+1.5 |[29+0.6 |0 0 0 |10+0.6 |0 0 0 0 0 0 0
E.coli8 |21+1.2 [30+25 |[29+1.2 |0 0 |17+15 |16+15 |0 0 10+0.6 |24+06 |O 24+0.6
E.colil3 | 14+0.6 |0 0 0 0 |20+0.6 |0 0 0 0 0 0 0
E.colil4 | 18+1.0 |0 0 0 0 |[19+1.2 |0 0 0 0 0 0 0
E.colil5 | 15+0.6 |0 0 0 0 |[15+31 |0 0 13+0.6 |0 14+15 |0 13+1.2
E.colil6 | 16+25 |0 0 0 0 |20+25 |0 0 0 0 0 0 0
Enl 18+25 |0 14+15 | 10£1.0 |0 |25+0.6 |12+15 |0 20£1.2 | O 0 0 34+1.5
En2 16+0.6 |0 11+06 |0 0 |20+25 |9+0.6 |0 12+0.6 |0 0 10+1.5 | 16+0.6
En3 19+12 |0 0 1006 |0 |[21+1.2 |O 0 16+0.6 |0 0 0 13+1.0
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3.4. Plant extracts and inhibition of biofilm formation
3.4.1. Antibacterial activity of some plant extracts

Ethyl acetate extracts of 12 plant species were tested against the 20 bacterial isolates
that showed both biofilm and QS signal production, using the standard well agar diffusion
method.

Each bacterial isolate was inhibited by certain plant extracts, then the most effective
plant extracts were tested for their anti-biofilm activity on each bacterial isolate using tube
method. Data in table 9 showed that, Syzygium aromaticum extract was the most effective one
against almost of the tested selected bacterial isolates, followed by Allium sativum, but
Ocimum sp. extract showed highly activity against isolates Ps41, K9 and E. coli6 than
Syzygium aromaticum one. Also Illicium verum was more active against the isolate Ps41 than
Syzygium aromaticum.

The results of the present study were in harmony with the study carried out by [24 &
25] in which Clove extract exhibited antibacterial activity against all tested bacterial isolates.
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Figure (6): Effect of plant extracts on the selected bacterial isolates.
1: Illicium sp.; 2: Callistemon sp.; 3: Ocimum sp.; 4: Syzygium sp.; 5. Moringa sp.; 6:

Clerodendrum sp.; 7: Syzygium aromaticum; 8: Moringa sp.; 9: Clerodendrum sp.; 10:
Callistemon sp.; 11: DMSO and 12: Melaleuca sp
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3.4.2. Plant extracts and inhibition of biofilm formation

The most effective two plant extracts against each bacterial isolate as antibacterial
agent were selected and tested for their antibiofilm activity against this biofilm forming and
qguorum sensing producing bacterial isolate using tube method. This selection was according
to the previous results obtained in Table (4). Five plant extracts were selected for this test as

shown in Table (5).
N - J— '

Figure (8): Antibiofilm activity of Dianthus sp. and Allium sativum extracts on
Pseudomonas sp. isolate no. 25 A: +ve biofilm (before treatment), B: -ve biofilm after
treatment with Syzygium aromaticum extract, C: -ve biofilm after treatment with Allium
sativum extract.
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Table (4): The antibacterial activity of each ethyl acetate plant extract against twenty clinical isolates

Inhibition zones (mm)

£ £ =
Isolate & é 2 & 5 g 5 5 E 2
g | B Els | « |B2 |8 |2 |g23 |8 |g.|aZ
E | BE | g8 | E 5 ZE |3 2 |28 |§E |£z |23
'S 2L o 5@ S = < E o = 8 S = Sz | 5 &
o o £ X o = w O 'S = = N < =5 | »n &
Ps25 0 0 0 0 0 0 0 14+1.0 | 18+0.6 |21+06 |O 0
Ps41 29+2.0 0 16+0.6 | 18+1.2 | 14+1.2 | 23+0.6 | 14+0.6 | 16+25 |25+1.0 |14+10 |0 16+1.0
Ps42 14+0.0 11+1.0 11+1.2 | 12+0.6 | 12+0.6 | 13+1.0 |12+1.0 | 18+0.6 | 15+15 |12+10 |O 13+1.5
K9 22+2.0 0 12+0.6 | 12+0.6 | 12+1.0 | 15+25 |11+12 | 15+1.0 | 16+x0.6 |12+20 |O 14+1.5
K12 13+0.6 12+0.6 0 0 0 14+15 | 12+25 | 14+06 |17+1.0 |15+15 |0 12+1.0
K13 14+1.0 0 0 0 13+15 | 14+1.0 | 13+15 |14+15 |16+25 |15+06 |O 13+0.6
K16 0 0 0 0 0 12+15 | 12+06 |0 18+1.5 | 19+15 |0 14+1.5
K28 0 0 0 0 0 0 0 0 18+0.6 |0 0 13+1.0
K35 0 0 0 0 12+0.6 | 12+1.2 |12+1.0 |O 16+1.0 | 20+1.0 |O 14+1.0
E.coli3 0 0 0 0 0 12+15 | 11+12 | O 16+0.6 | 2015 |0 14+0.6
E.coli6 22+1.2 0 15+0.6 | 13+1.0 |0 14+06 |0 15+0.6 | 17+0.6 | 14+15 | 14+06 |0
E.coli7 0 0 0 0 0 0 0 0 17+15 | 15+06 |O 0
E.coli8 23+0.6 0 0 0 18+15 |22+06 |18+06 |O 34+15 | 25+15 | 14+15 | 20+2.5
E.colil3 0 0 0 0 0 15+0.6 | 15+06 |O 17+06 | 18+06 |0 15+1.0
E.colil4 0 0 0 0 0 14+15 | 12+1.0 | O 16+2.0 |18+1.2 |O 13+0.6
E.colil5 15+1.0 0 0 16+0.6 | 15+1.2 | 15+0.6 | 15+0.6 | 13+0.6 | 20+1.5 |26+x06 |O 15+1.5
E.colil6 12+2.5 0 0 13+15 | 12+15 |12+10 |12+10 |O 17+06 | 18+06 |0 12+1.5
Enl 0 0 0 0 0 0 0 0 17#06 |0 0 0
En2 14+1.5 0 0 0 0 14+15 | 12+2.0 | 13+1.0 |18+0.6 |15+1.0 |O 13+0.6
En3 0 0 0 0 0 11+1.2 | 12+0.6 |12+10 |17+1.0 |19+15 |O 14+1.5

Ps: Pseudomonas;

K: Klebsiella; E. coli: Escherichia coli and En: Enterobacter
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Table (5): Activity of plant extracts on biofilm production in each bacterial isolate.

Plant extract and biofilm production

MO | Ocimum sp Ilicium verum Syzygium aromaticum Allium sativum Schinus terebinthifolius
00 (0. (0. |O. |2 (OO |O (O |O. |2 (00O }|0O (O. |O. |1 (OO |0 |0O.]0. |1 |00 O (O |O. |1
5 1 |2 |5 |ml|5 1 (2 |5 |ml|5 1 12 |5 |ml|5 1 12 |5 |ml|5 1 |2 |5 |ml
ml | ml | ml | ml ml | ml [ ml|ml ml |ml | ml|ml ml (ml | ml | ml ml [ml | ml | ml

Ps25 + - |- - - S IC T I

Ps41 | + + |+ |- |- + - |- |- -

Ps42 + - - - - - |- |- -

K9 + + |+ |- - + - - - -

K12 - - - - - + + |- - -

K13 + - - - - + + |- - -

K16 + - |- - - 4 - |- |- -

K28 - - - - - + - |- |- -

K35 - - - - -+ + |- |- |-

E3 + - |- - -+ + |- |- |-

E6 + + |- - - - - - - -

E7 - - - - - + - - - -

E8 - - - - - + - - - -

E13 + - - - - + + |- - -

El4 - - - - -+ - |- |- |-

E15 + - - - - + - - - -

E16 - - - - -+ - |- |- |-

Enl - - - - -

En2 + - - - - + - - - -

En3 - - - - - + + |- - -

MO: microorganism; Ps: Pseudomonas; K: Klebsiella; E: Escherichia coli and En: Enterobacter
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Syzygium aromaticum extract was the most effective one as a biofilm inhibitor by the
concentration ranged between 0.05-0.1 ml against the all twenty selected bacterial strains,
followed by Allium sativum which was effective by the concentration ranged between 0.1-0.2
ml. Then Syzygium aromaticum extract was tested for inhibition of quorum sensing signal
(AHLs) production in the selected twenty bacterial strains.

3.5. Quorum sensing signal production before and after treatment with Clove extract

Quorum sensing signal (AHLs) production was inactivated by Syzygium aromaticum
extract in the selected bacterial strains, and so no lactone signal was detected using GC/MS.
The concentration of Syzygium aromaticum extract was 20 pl/ ml.
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Figure (9): GC/MS of Q.S signal (AHLs) production before and after treatment with
Syzygium aromaticum extract.

3.6. Molecular analysis
The most virulent bacterial isolates were genetically identified by 16S rRNA gene
sequencing. The identified strains were presented in (Table 6).

Table (6): 16S rRNA gene sequencing of 4 selected bacterial isolates

Isolate No. Blast identity NCBI accession No.
FS7 Escherichia coli FS7 MF197876
FPF28 Klebsiella pneumonia FPF28 MF197877
FS1 Enterobacter cloacae FS1 MF197878
FS41 Pseudomonas aeruginosa FS41 MF197879
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4. Conclusions

The results reported that using of some medicinal plants is safer and more effective
than using agents of chemical origin to inhibit quorum sensing and biofilm formation in the
studied pathogenic Gram negative bacteria. These bacteria not only are the common cause of
nosocomial infection but also are considered to be multi-drug resistant bacteria as a result of
formation of biofilm. Clove extract showed highly antibacterial activity and inhibit both
biofilm formation and quorum sensing system in the studied bacterial isolates.
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