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Abstract 

       Swarming is one of the most important virulence factors used by bacteria to 

invade new sites. This study aimed to test the effects of gentamicin on swarming 

motility of Pseudomonas aeruginosa, both phenotypically and molecularly. The 

present results revealed that 11/25 isolates had gentamicin MIC of 1024 µg/ml.  

However, gentamicin at sub-minimal inhibitory concentration significantly (P< 

0.05) reduced the diameter of swarming in all P. aeruginosa isolates. Noticeably the 

mean and median swarming diameter before treatment with gentamicin 5.557 and 

5.816 cm respectively had significantly (P < 0.001) reduced to 0.871 and 0.766 cm 

respectively. At the molecular level, amrZ (a global regulator of multiple genes) and 

rhl (responsible for rhamnolipid production) were variably affected by gentamicin. 

More likely it can be concluded that amrZ and rhl are not fully responsible for 

swarming in P. aeruginosa isolates.  
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في خلايا الزوائف الزنجارية   rhl و amrZيؤثر الجنتامايسين بشكل متغاير في التعبير الجيني لـ 

 العاجة

 

حارث جبار فهد المذخوري  ،خلدون حسن فاضل   
 قدم عمهم الحياة، كمية العمهم، جامعة بغداد

 الخلاصه
 11. اظهرت النتائج الحالية ان جديدةالعج واحد من اهم عهامل الفهعة التي تدتعممها البكتريا لغزو اماكن     
عمى اية حال،  مايكروغرام/مل. 1021يداوي  من الجنتامايدين  كانت ذات ادنى تركيز مثبطعزلة  22من 

من قطر العج في عزلات  (P<0.05)وبذكل معنهي  قمل الجنتامايدين عند التركيز المثبط تحت الادنى
 2.224من كل من المعدل و الهسيط  (P<0.01)بذكل ممحهظ، انخفض معنهيا الزوائف الزنجارية جميعها 

بعد المعاممة ، عمى التتابع  0.871و  0.766 الىقبل المعاممة بالجنتامايدين  سم، عمى التتابع 2.513و 
)مدؤول عن  rhl و)منعم شامل لعدة جينات(  amrZعمى المدتهى الجزيئي، تأثر كل من بالجنتامايدين. 
 المذكهرين انفا الجينين من ؛ اغمب العن، يمكن الخمهص الى كلاوبذكل متغاير بالجنتامايدينانتاج الرامنهلبد( 

 .غير مدؤولين بذكل كامل عن العج في الزوائف الزنجارية

 

Introduction 

      Infections caused by P. aeruginosa are still difficult to cure. Due to its resistance to 

antibiotics, it has been termed a "superbug" because of its ability to infect a wide range of 

ISSN: 0067-2904 

 

mailto:khfkhf98@gmail.com


Fadhil and Al-Mathkhury   .                   Iraqi Journal of Science, 2022, Vol. 63, No. 7, pp: 2884-2890 

 

2885 

organisms [1]. Burn wound is an opportunistic colonization site for organisms of both 

endogenous and exogenous origin, such as P. aeruginosa [2]. Swarming in P. aeruginosa is 

related to its enhanced resistance to most applied antibiotics and its involvement in bacterial 

spread from localized infection sites to distal organs [3]. 

Pseudomonads contain a conserved transcription factor known as amrZ. It is considered as a 

global regulator of several genes that are involved in virulence and environmental fitness. 

According to Hou et al. [4] AmrZ has a function in modulating swarming motility which  

makes it an ideal target for the development of anti-P. aeruginosa therapies [5]. Rhamnolipids 

are the biosurfactants involved in swarming motility and its production is regulated via Rhl, a 

quorum sensing-based system [6]. 

The overuse of antibiotics to treat illnesses has resulted in the emergence of antibiotic 

resistance in bacteria such as P. aeruginosa. As a result, numerous antibiotics are being 

investigated for their effectiveness in impeding pathogen virulence. The antibiotics at sub-

minimum inhibitory concentrations (sub-MICs) widely disturb the transcription process in 

bacteria and may function as signalling mediators instead of targeting microbe growth [7]. 

Locally, gentamicin has shown to modulate the gene expression of virulence determinants 

such as hla [8], fnbA, fnbB [9], pslA, and pelA [10]. Based on that, the aim of this work was to 

determine the impact of gentamicin on swarming ability of P. aeruginosa.  

Materials and Methods 

Pseudomonas aeruginosa isolates 

A total of 25 gentamicin-resistant swarming P. aeruginosa isolates were obtained from the 

microbiology lab at the Department of Biology, College of Science, University of Baghdad. 

These isolates were originally isolated from burn patients. 

Estimation of Minimum Inhibitory Concentration  

Resazurin-based turbidometric assay was used to estimate the minimal inhibitory 

concentration (MIC) of gentamicin using double serial concentrations (2 – 1024 µg/ml). The 

test was done for all the 25 P. aeruginosa isolates using the broth micro-dilution in microtitre 

plates. After 24 hrs of incubation at 37°C, 5 μl of resazurin at a concentration of 6.75 mg/ml 

was placed in wells and eventually incubated at 37°C for an extra 4 hours. Changes in colour, 

from blue to pink, were recorded [11]. The lowest concentration before the colour change was 

considered as the MIC. 

Swarming Assay 

Swarming motility was tested for all the 25 P. aeruginosa isolates by the below steps: 

BM2 Swarming Agar 

It was prepared by dissolving 62 mM potassium phosphate buffer (pH 7), 2 mM MgSO4, 10 

μM FeSO4, 0.4% wt/vol glucose and 0.5% wt/vol agar agar [12].  

Swarming Protocol 

Swarming protocol was performed according to the procedure described by Hou et al. [4]. In 

brief, after solidification, BM2 swarming agar plates were left to dry at room temperature. 

Thereafter, 10 μl of overnight brain heart infusion broth cultures (compatible to McFarland 

standard no. 0.5) at 37°C for one week, were spotted on BM2 plate. Experiments were 

repeated in triplicate. The swarming diameter was measured again using a metric ruler. 

Similar protocol was followed to test the effects of gentamicin on swarming, except for the 

BM2 plate containing gentamicin at sub-MIC that corresponded to each isolate. 

Gene Expression 

A total of five isolates were chosen for testing the impact of gentamicin on the gene 

expression of amrZ and rhl. These isolates demonstrated the highest significant differences 

due to gentamicin effect on swarming. Moreover, the bacterial cells were taken from the 

peripheral swarming wave (tendril tip) in BM2 plates, with and without gentamicin at sub-

MIC. 
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Following the manufacturer instructions, RNA was extracted from P. aeruginosa swarming 

cells at the tendrils using TRIzol™ Reagent. Nanodrop was employed for estimating the 

concentration and purity of the extracted RNA. Later on, cDNA was synthesized with the 

Protoscript cDNA synthesis kit using the supplied protocols. 

To evaluate the amrZ and rhl gene expression, the results were normalized to the expression 

of fbp gene. Table 1 highlights the primers used in this study. The provided primers were 

dissolved in sterile nuclease-free water to obtain 100 pmol /μl as a final concentration. 

Subsequently, all prepared primers were kept in a deep freezer. The reaction mixture has been 

summarized in Table 2. Moreover, after several trials, thermocycler protocol was optimized 

and the resultant protocol is listed down in Table 3. 

 

Table 1-Primers used in qPCR 

Primer Sequence (5´-3´) Reference 

amrZ 
F TGACAAATTCGTCGTTCGTCTGCC 

[13] 

R AACACCGAGATTGTCTTGCAGCG 

rhl 
F GGCCGAACATTTCAACGTGG 

[14] 

R AGGATTTCCACCTCGTCGTC 

Fbp 

F CCTACCTGTTGGTCTTCGACCCG 

[15] 

R GCTGATGTTGTCGTGGGTGAGG 

      

Table 2-qRT-PCR Reactants 

Reactants Volume (μl) 

qPCR Master Mix 10 

Forward primer 1 

Reverse primer 1 

Nuclease Free Water 3 

Template cDNA 5 

 

Table 3- qRT-PCR protocol 

Step Temperature (°C) Duration Cycles 

Initial Denaturation 95 60 seconds 1 

Denaturation 95 15 seconds 
45 

Extension 60 30 seconds 

 

Gene Expression Calculation 
      Expression levels were quantified using relative quantitation with Livak equation (2

-ΔΔCt
) 

[16]. A melting curve was achieved with temperatures extending from 60°C to 95°C, with a 

1°C increase per second. 

Statistical Analysis 

All experiments were performed in triplicate and data was expressed as mean and standard 

deviations. T test was used to determine the effect of study variables on swarming diameter. 

These statistical analyses were done using SPSS version software. The differences were 

considered significant where P<0.05. Fold change less than 2 was considered insignificant 

[17].  
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Results and Discussion 

Minimal Inhibitory Concentration 

In the present study, the gentamicin MIC was determined by the resazurin-based assay 

(Figure 1) which revealed that 11/25 isolates had MIC of 1024 µg/ml. Such finding reflected 

on the magnitude of gentamicin resistance problematic issue. However, gentamicin kills the 

bacterial cell via suppressing bacterial protein synthesis by binding to ribosomal 30S subunits 

[1]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1- Gentamicin minimum inhibitory concentration of Pseudomonas aeruginosa by 

Resazurin based method. Column 11 represents the negative control showing the natural 

colour of resazurin (blue/purple). Column 12, a positive control, changed to reduced form (red 

to pink). Wells 1 – 10 contained gentamicin at concentrations of 2-1024 μg/ml respectively. 

 

MIC is regarded as the "gold standard" for evaluating organism susceptibility to 

antimicrobials and is hence used to evaluate the efficacy of all other susceptibility testing 

procedures. MIC is employed in diagnostic laboratories to confirm extraordinary resistance, to 

provide a conclusive answer when other methods of testing yield a borderline result or when 

disk diffusion procedures are ineffective. MIC data aids the physicians in monitoring 

resistance development and clinical pharmacists in determining the optimal 

pharmacodynamics dosage [18]. The current study's gentamicin MIC result was reasonably 

consistent with Paduszynska et al. [19].  

Effect of Gentamicin on Swarming 

As depicted in Figure 2, the mean and median swarming diameter before treatment with 

gentamicin (5.557 and 5.816 cm respectively) significantly (P < 0.001) reduced to (0.871 and 

0.766 cm respectively). Moreover, the data set before treatment with gentamicin is left-

skewed (where skewness = -0.171). While it is right-skewed (where skewness = 0.438) when 

gentamicin was present which indicates that the swarming diameter values before the 

treatment with gentamicin were more than the mean (5.557 cm). Whereas after the treatment 

with gentamicin, the values were below the mean (0.871 cm). In plain words, the data may 

not have been normally distributed. Interestingly no outliers were found in both data sets.  

1 2       3         4       5         6        7        8       9         10     

11      12 
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Figure 2-Box plot diagram of gentamicin effects on Pseudomonas aeruginosa swarming. 

Boxes ranged from the 25
th

 to 75
th

 percentile and were intersected by the median line. 

Asterisks denotes the mean. Whiskers extending below and above the box range represents 

the maximum and minimum values respectively. Where T test = 8.7.8 × 10
-11

. 

 

Gene Expression 

The expression of rhl and amrZ involving five P. aeruginosa isolates was studied using RT-

qPCR technique. Based on findings presented in Tables 3-5, these five isolates were the most 

affected (the lowest being T test level) isolates by gentamicin at sub-MIC.  

Gentamicin at sub-MIC affected the rhl gene expression variably (Table 4). An upregulation 

in gene expression was noticed in isolates PA26 and PA55e. Nonetheless, the isolates PA10 

and PA76s demonstrated a downregulation in rhl expression. Furthermore, isolate PA51p was 

not affected by the gentamicin stress.  

 

Table 4-Effects of gentamicin on the gene expression of rhl in Pseudomonas aeruginosa  

Isolate 

code 

MIC 

(µg/ml) 

Before treatment with 

gentamicin 
After treatment with gentamicin 

ΔΔCt 
Fold 

change 
rhl Ct fbp Ct ΔCt rhl Ct fbp Ct ΔCt 

PA10 512 34.73 29.09 5.64 35.89 30.2 5.69 0.05 0.96 

PA26 512 34.92 29.3 5.62 32.74 29.69 3.05 -2.57 5.93 

PA51p 512 33.7 31.5 2.2 31.63 29.8 1.83 -0.37 1.29 

PA55e 64 39.69 29.39 10.3 35.53 30.34 5.19 -5.11 34.53 

PA76s 512 31.29 34.53 -3.24 31.29 31.28 0.01 3.25 0.10 

 

Swarming motility controlled through rhl and rhl-regulated rhamnolipid synthesis, is required 

for swarming motility in P. aeruginosa [20]. Therefore, the downregulation in rhl level in this 

study, perhaps, led to a reduction in the rhamnolipid production, hence reducing the swarming 

diameter. However, the rhl upregulation suggests that the inhibition of swarming by 

gentamicin is not acted through rhl.  
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Similarly Oura et al. [14] reported that rhamnolipid production was equivalent, with or 

without 1-naphthol and using colorimetric and qRT-PCR analysis, suggesting that the 

inhibitive effect of 1-naphthol on swarming does not result from defects in rhamnolipid 

production. Moreover, Caiazza et al. [21] showed that P. aeruginosa produces extracellular 

factors capable of modulating tendril movements and genetic analysis revealed that the 

modulation of these movements was dependent on rhamnolipid biosynthesis. Same authors 

hypothesized that the rhamnolipid precursor, 3-(3-hydroxyalkanoyloxy) alkanoic acids, 

intermediate (monorhamnolipids) and the end product (dirhamnolipids) have different roles in 

swarming, for example, enabling swarming through surface wetting or acting to modulate 

swarming movement. What’s more, Bru et al. [22] stated that antibiotic treatment of P. 

aeruginosa abolished swarming motility and repulsed approaching swarms away from the 

antibiotic-treated area through a Pseudomonas quinolone signalling molecule-dependent 

mechanism. 

The results highlighted in Table 5 reveal that three isolates (PA10, PA55e and PA76s) 

showed an upregulation in the gene expression of amrZ due to gentamicin.  

 

Table 5-Effects of gentamicin on the gene expression of amrZ in Pseudomonas aeruginosa 

Isolate 

code 

MIC 

(µg/ml) 

Before treatment with 

gentamicin 
After treatment with gentamicin 

ΔΔCt 
Fold 

change 
amrZ Ct fbp Ct ΔCt amrz Ct fbp Ct ΔCt 

PA10 512 32.7 29.09 3.61 32.34 30.2 2.14 -1.47 2.77 

PA26 512 31.9 29.82 2.08 32.74 29.96 2.78 0.7 0.61 

PA51p 512 31.9 29.28 2.62 33.79 30.32 3.47 0.85 0.55 

PA55e 64 33.2 29.39 3.81 32.34 30.2 2.14 -1.67 3.18 

PA76s 512 33.82 31.53 2.29 32.13 31.28 0.85 -1.44 2.71 

MIC= minimum inhibitory concentration 

Hou et al. [4] stated that the amrZ deletion leads to a significant impairment in swarming. 

Whereas multicopy expression results in the stimulation of P. aeruginosa swarming. 

Mechanistic investigations revealed that the swarming imperfection of an amrZ mutant does 

not include deviations in biosurfactant production but is related to flagellar failure [23]. 

Conclusion 
Swarming of P. aeruginosa was highly affected by gentamicin stress. However, rhl and amrZ 

were variably affected. 
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