
Annals of PIMS                     ISSN:1815-2287 

 

 Ann. Pak. Inst. Med. Sci. 2017                            186 

 
 

Horizontal Gene Transfer and Antibacterial Effect of 

Allium sativum (GARLIC) on Methicillin-Resistant 

Staphylococcus aureus  

Noor Ul Ain1, Saba Riaz2, Samyyia Abrar3, Munir Ahmad4, Zaeema Khan5, Saleha Hafiz6, Shahida Hussain7, 

Muhammad Hayat Haider8 

A u t h o r ` s   
A f f i l i a t i o n  

1, 2,, 5, 6, 7, 8 Department of Microbiology 
and Molecular Genetics, University of 
the Punjab, Lahore. 
3 CitiLab and Research Center, 
Lahore. 
4 Senior Experimental officer of School 
Biological Sciences, University of the 
Punjab, Lahore 

A u t h o r ` s  
C o n t r i b u t i o n  

2,3,5,6Concept & Design of Study:   
1,3,8Drafting: 
1,3,7Data Analysis 
3,8Revisiting Critically 
3Final Approval of version 

A r t i c l e  I n f o  

Received: Mar 22, 2017 
Accepted: June 5, 2017 

H o w  t o  C i t e  t h i s  
M a n u s c r i p t  

Ain NU, Riaz S, Abrar S, Ahmad M, 

Khan Z, Hafiz S, Hussain S, Haider MH. 

Horizontal Gene Transfer and 

Antibacterial Effect of Allium sativum 

(GARLIC) on Methicillin-Resistant 

Staphylococcus aureus. Ann. Pak. Inst. 

Med. Sci. 2017; 13(2):186-190. 

Funding Source:  University of the 
Punjab, Lahore. 
Conflict of Interest: Nil 

Address of Correspondence 
Dr. Saba Riaz 

saba.mmg@pu.edu.pk 

A B S T R A C T  

Objective: To evaluate the horizontal gene transfer of antibiotic resistance and 

antibacterial effect of Allium sativum on MRSA isolates from a tertiary care hospital, 

Lahore. 

Place and Duration: The cross-sectional study was conducted in Department of 

Microbiology and Molecular Genetics, University of the Punjab, Lahore from January 2016 

to July 2016.  

Methodology: 310 MRSA isolates were processed for antibiotic susceptibility testing by 

using Disc Diffusion Assay. Using plasmid isolation and plasmid transfer conjugation 

experiments horizontal gene transfer by conjugation was studied. Competent MSSA 

cultures were transformed using MRSA donor DNA. Agar well diffusion assay and the 

effect of SDS, high temperature and Proteinase k on antibacterial activity of crude garlic 

extract was determined. 

Results: The MRSA strains were resistant to oxacillin, penicillin, amoxicillin, ampicillin, 

cephradine, cefuroxime, ciprofloxacin, gentamycin, erythromycin, fusidic acid, and co-

trimoxazole. Almost all stains were susceptible to vancomycin. Most strains were 

susceptible to ceftriaxone, novobiocin, teicoplanin, and tazobactam. Plasmids ranging in 

size from 25kb to 42kb were observed in selected strains. Conjugation and transformation 

assays showed acquisition of multidrug resistance in MSSA. Crude extracts of garlic 

demonstrated potent antibacterial activity against selected MRSA strains. Treatment of 

crude garlic extracts with physical and chemical agents (SDS, heat, Proteinase k) almost 

totally abolished the antibacterial activity. 

Conclusion: Here, we observed the horizontal gene transfer of multidrug resistance in 

Staphylococcus aureus and began to study the antibacterial activity of garlic against 

antibiotic-resistant bacteria. 

Keywords: MRSA, Staphylococcus spp, Pakistan, Horizontal gene transfer, Garlic, 

Antibacterial activity. 

 

Introduction  

Over the last 50 years Methicillin-resistant 

Staphylococcus aureus (MRSA) has emerged as a major 

public health issue in both community and nosocomial 

infections. It has become one of the leading nosocomial 

pathogen and recently has been responsible for life-

threatening infections1. In the past few decades, resistance 

towards methicillin by MRSA has been accompanied by 

resistance towards wide range of other antibiotics such as 

gentamycin, erythromycin, and tetracycline. Vancomycin 

was considered the drug of “last resort” until the emergence 

Vancomycin-intermediate Staphylococcus aureus (VISA) and 

vancomycin-resistant Staphylococcus aureus (VRSA).2 
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Epidemiological analysis indicates VISA and VRSA clones 

are not widespread.3 In order to combat this growing global 

health problemgenetic analysis of MRSA strains has become 

imperative to understand genetic determinants of such 

phenotypes and to stop its evolution into VISA or VRSA. 

Many studies have reported the presence of mobile genetic 

elements containing gene cassettes that confer multiple drug 

resistance.4,5 Class I intergrons have been studied in MRSA 

isolates from both clinical settings as well as from 

environmental settings indicating their ubiquitous spread.6, 7 

Plant and plant based products have been used for 

many centuries as traditional medicines and many drugs 

commonly used today are derived from plants8. Allium 

sativum (Garlic) is one of the potent medicinal plants that 

possess many claimed health benefits in addition to its 

antibacterial activity against superbugs like MRSA.9  

This study was designed to investigate MRSA 

horizontal gene transfer and the antibacterial activity of 

Allium sativum on MRSA obtained from a tertiary care 

hospital in Lahore, Pakistan. 

Methodology 
Bacterial Isolates: It was a cross-sectional study carried out 

by consecutive sampling over 310 MRSA isolates from July 

2012 to December 2015 at tertiary care hospital, Lahore. 

The experiments of horizontal gene transfer took further six 

months (January 2016-July 2016) at Department of 

Microbiology and Molecular Genetics, University of the 

Punjab. Ethical Board of Citilab and Research Centre 

approved the study with Reference # 26-16/CLRC/24th. 

MRSA strains were identified by cultural characteristics, 

Gram stain, coagulase and DNase positive tests. Strains 

were confirmed MRSA by the oxacillin agar screen test10. A 

total of 310 characterized MRSA isolates were subjected to 

antibiotic susceptibility testing. The isolates were preserved 

in glycerol stocks (20 % glycerol in Tryptone Soya Broth 

(TSB) and stored at -80ºC. 

Antibiotic Susceptibility Testing: Antibiotic susceptibility 

testing was carried out by the Kirby-Bauer disk diffusion 

method. Fourteen drugs were used: Ampicillin (10 μg), 

Augmentin (30 μg), Chloramphenicol (30μg), Ciprofloxacin 

(5 μg), Co-Trimoxazole (25 μg), Erythromycin (15 μg), 

Fusidic Acid (10 μg), Imipenem (10 μg), Gentamicin (10 

μg), Cephradine (30 μg), Vancomycin (30 μg), Penicillin (10 

μg), Linezolid (30 μg) and Cefuroxime (30 μg) (Oxoid). The 

Zones of inhibition were measured and compared with 

Clinical and Laboratory Standards Institute (CLSI) guidelines 

to determine susceptibility pattern.11  

Plasmid Isolation: Plasmid isolation was performed using a 

Gram-positive lysozyme protocol as previously described by 

Klaenhammer12. Briefly, log-phase MRSA cells were lysed 

using 1mg/ml lysozyme (Sigma) for 1hr. Lysates were 

deproteinised with NaCl-saturated phenol and chloroform 

was used to facilitate phase separation. Following 

centrifugation, the aqueous phase above the white protein 

interface was removed and extracted once with chloroform 

for 5 minutes at room temperature. After another 

centrifugation step 95% ethanol was used to precipitate DNA 

from the aqueous phase at -70ºC for 1hr. DNA was pelleted 

followed by removal of ethanol, the pellets were dried out 

before being dissolved in TES buffer for analysis by agarose 

gel electrophoresis. 

Conjugation Experiments: For the conjugation experiments, 

an MRSA strain resistant to erythromycin was selected as 

the donor and a Methicillin Sensitive Staphylococcus aureus 

(MSSA) strain was selected as the recipient. The MSSA 

recipient strain was sensitive to erythromycin and was 

harboring no plasmid. The conjugation experiments were 

accomplished following Udo.13 Briefly, donor and recipient 

cells, with equal volume were mixed and treated with 

polyethylene glycol (40% w/v) overnight at 35ºC. Following 

centrifugation, the pellet was re-suspended in BHIB, serial 

dilutions up to 10-folds were prepared in BHIB which were 

then plated onto appropriate selective media for selecting 

trans-conjugants. Growth of donor-recipient mixtures 

appearing on selective plates was considered positive 

transformation when controls indicated no growth. Transfer 

frequency was expressed as the number of trans-conjugants 

per number of donor cells. 

Transformation Experiments: Competent cells of MSSA 

were obtained by first culturing under standard conditions 

(L.B broth) for 24 hours on a shaking incubator at 37ºC. 

After 24 hours, 50 ml of L.B broth was supplemented with 

1% bacterial culture and incubated till the mid-exponential 

phase (O.D 600nm <0.4). The cells were then harvested by 

cold centrifugation (4ºC) at 4000 rpm for 6 minutes. The 

supernatant was removed and the cells were re-suspended 

in 50 mM of ice cold CaCl2 followed by incubation on ice for 

40 minutes. The cells were again harvested by centrifugation 

(4ºC) at 4000 rpm for 6 minutes. Supernatants were 

discarded and cells were suspended in 1ml of 50 mM CaCl2 

and stored at 4ºC. 
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200ul of the competent cells (not older than 24 hours) 

were mixed with 10μl of the isolated plasmid (MRSA). The 

mixture was incubated on ice for 40 minutes and heat 

shocked at 42ºC immediately after that. The cells were then 

quickly transferred to ice and incubated for 5 minutes. Then 

800μl of L.B broth media was transferred to the vial and cells 

were incubated on shaking incubator at 37ºC for one hour.  

In the next step cells were centrifuged at 12000 rpm at 4ºC 

for 2 minutes. 700μl of the supernatant was removed and 

cells were suspended in the remaining LB media in the vial. 

The cells were then plated onto selective media plates to look 

for the transformants. 

Crude Garlic Extract Antibacterial Testing: Garlic (Allium 

sativum) cloves were crushed and undiluted garlic juice was 

extracted and then filtered using 0.45um Millipore filters. 

After filtration extracts were stored at 4°C in the dark. The 

antibacterial activity of the crude extracts was determined by 

the agar well diffusion method using 50 µl of the crude 

extract per well and plates incubated at 37°C for 24 hours.  

The Bradford assay was used to estimate the protein 

content of the crude extracts.14 Protein concentration was 

estimated from the standard curve of Bovine Serum Albumin 

(BSA). To investigate the potential proteinaceous nature of 

the antibacterial compound(s) present in the natural extracts 

of Allium sativum, aqueous extracts were exposed to 

different treatments: 10% SDS, temperatures of 80-90°C for 

5-10 minutes and 50 mg/ml Proteinase k. 

Ribotyping and Phylogenetic Evolutionary Analysis: Pure 

bacterial colonies were washed in sterile saline, suspended 

in 0.5ml of InstaGene Matrix (Bio-Rad), incubated at 56ºC for 

30mins and heated to 100ºC for 10mins to obtain template 

DNA for 16S rRNA gene amplification. 

PCR was performed using the primers shown: Fwd:    

AGAGTTTGATCMTGGCTCAG Rev: 

TACGGYTACCTTGTTACGACTT with 35 cycles of (94ºC for 

45s, 55ºC for 60s, 72ºC for 60s). Sequencing was executed 

using the Big Dye terminator cycle sequencing kit (Applied 

Bio Systems, USA).  

Data was first analyzed using the advanced BLAST 

search program at the NCBI website: 

http://www.ncbi.nlm.nih.gov/BLAST/.15 The sequenced data 

was refined and submitted to Gen Bank to obtain accession 

numbers of submitted sequences. Neighbor-Joining method 

of MEGA version 4 was used to infer Phylogenetic 

relatedness of our sequences with already submitted 

sequences.16 

Results  
Bacterial Isolates: A total of 310 MRSA isolates were 

collected, 216 (69.6%) were isolated from pus/pus 

swabs/wound discharge, 35 (11.3%) were isolated from 

nasal swabs and 59 (19%) were from other samples. In the 

study, MRSA was isolated from surgery units with the 

highest frequency (33.3 %), followed by obstetrics and 

others (28.57 %). 

Antibacterial Susceptibility Testing: The antibacterial 

susceptibility profiles of the 310 MRSA strains to 14 different 

antibiotics were determined and are shown in Figure 1. 35 

MRSA isolates resistant to selected drugs (Aztreonam, 

Chloramphenicol, Erythromycin, and Gentamycin) were used 

for further experiments. Plasmid isolation showed a range of 

plasmids from 25 to 42 Kb visualized on agarose gel 

electrophoresis. Mixed plate conjugation experiments 

showed successful conjugations. Transformation 

experiments were performed with MRSA as the donor and 

Methicillin Sensitive Staphylococci aureus (MSSA) as the 

recipient. Although the number of trans-conjugants and 

transformants was low they showed a decrease in antibiotic 

inhibition zone size indicative of acquired resistance (Table 

I). 

Figure 1: Antibiotic susceptibility testing 

Table 1: Conjugation and Transformation of MSSA with MRSA. 

 n=35 (All strains resistant to following listed drugs) 

S. No Antibiotic MRSA MSSA Transconjugant Transformants 

1 Aztreonam 0mm±2 20mm±1 9mm±1 10mm±1 

2 Chlroramphenicol 3mm±1 25mm±2 17mm±1 19mm±1 

3 Erythromycin 0mm±3 30mm±2 20mm±2 15mm±2 

4 Gentamycin 2mm±2 31mm±3 12mm±2 10mm±2 

http://www.ncbi.nlm.nih.gov/BLAST/
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Testing of Crude Garlic Extract on Selected Strains by the Agar 

Well Diffusion Method : Crude extracts of garlic applied to the 
selected MRSA strains showed these extracts to be quite 
effective against these strains with zones of inhibition 
measuring 25-30mm. The protein content of the aqueous 
extract of Allium sativum was estimated by the Bradford 
method and protein concentration was calculated by using 
the standard curve. The concentration of protein averaged 
600 µg/ml in the crude extracts. 

Figure 2: Effect of different treatments on antimicrobial activity 
of Allium sativum against MRSA 

 

It was observed that treatment with these physical and 

chemical agents such as heat, SDS and Proteinase k 

reduced the effectiveness of the garlic extracts (Figure 2). As 

thiosulfate is the main antimicrobial compound present in 

garlic and treatment with SDS and proteinase k can disrupt 

its structure this results in reduced antibacterial activity of 

the garlic extract.17 

Figure 3: Phylogeny construct of strain SN3 in Neighbor Joining 

(sum of branch length = 0.00963502). The tree is drawn to 

scale, with branch lengths in the same units as those of the 

evolutionary distances used to infer the phylogenetic tree. 

Ribotyping and Phylogenetic Evolutionary Analysis: 16S 

rRNA gene sequences were obtained and data was first 

analyzed using the advanced BLAST search program18 at the 

NCBI website: http://www.ncbi.nlm.nih.gov/BLAST/. Refined 

sequences were submitted to Gene Bank. The accession 

number (KC928092) of the strain was obtained from Gene 

Bank. Phylogenetic tree computed using already submitted 

sequences indicated relatedness to MRSA (Figure 3). 

Discussion 
Self-medication, particularly with broad spectrum and 

low-cost antibiotics has been a long standing common 

practice in Pakistan. In the clinical setting, minor infections 

and illnesses are being treated with unnecessarily high 

potency antibiotics. The widespread use of antibiotics is 

commonplace and this is one of the major reasons 

contributing to the high prevalence of antibacterial drug 

resistance in Pakistan. For many decades, MRSA infections 

have been a major concern and a burden for the world 

economy.    

The current study focuses on the prevalence of 

antibiotic drug resistance and horizontal gene transfer among 

Staphylococcus aureus isolates. Pus and wound swabs 

were common infectious specimens. Gender-based analysis 

indicated that males are more susceptible to MRSA 

infections due to easy access to health care centers. 

Antibiogram profile showed MRSA were quite resistant 

towards β-lactam antibiotics, whereas there was relatively 

high susceptibility to teicoplanin, vancomycin, and linezolid. 

There are many studies from Pakistan regarding the 

prevalence of MRSA, but none on horizontal gene transfer 

mechanisms.19 We found that MRSA have a high capacity for 

the transference of resistance genes to MSSA via 

conjugation and transformation. There was no remarkable 

difference between two methods of gene transfer. Similar 

results were observed by Udo.20 This study demonstrates the 

transformation and conjugation as modes of horizontal gene 

transfer and to be main factors contributing to the spread of 

antibiotic resistance genes hence, acquisition of multidrug 

resistance in MRSA. 

The second part of the study investigated the 

antibacterial effect of Allium sativum on MRSA. The results 

of crude extract experiments were very promising and 

demonstrated potent antibacterial activity against MRSA. To 

investigate the putative nature of the active antibacterial 

compound(s) present in garlic extracts they were subjected 

to different physical and chemical treatments. The significant 

reduction in antibacterial activity following proteinase k, SDS, 

and heat treatments suggests a peptide/proteinaceous nature 

of the active compound(s). Peptides are a viable therapeutic 

http://www.ncbi.nlm.nih.gov/BLAST/
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option for the treatment of infections and work is ongoing to 

further isolate and identify the precise chemical 

compound(s) responsible for garlics antibacterial activity. In 

agreement with our findings, Daka also found that crude 

Allium sativum extract had a potent antibacterial effect on S. 

aureus.21 

16 rRNA sequencing of Multidrug-resistant strains was 

performed as it is the best method to check phylogentic 

relatedness between microorganisms 22. The sequence 

appeared to be 99 to 100% percent similar with 

Staphylococcus aureus GR41, WO53, NA5 and RTSS. SN3 

shared same clade with these strains showing they have an 

evolutionary relation (Figure 2). Evolutionary distances 

among the strains tested were 0.0005, this low value of 

Evolutionary distance (Knuc value) indicates more relatedness 

between the DNA of two strains as reported in the studies 

conducted by Dellaglio et al. 1991, who reported that the 

strains having 0.0004 Knuc value are having close DNA-DNA 

similarity.23 

Conclusion 
In conclusion, MRSA possess the ability to transfer 

antibiotic resistance utilizing conjugation and transformation. 

Allium sativum showed very promising potent antibacterial 

activity against MRSA which have resistance transferring ability. 

Disclosure: This work is a part of project “Antibacterial Activity of Natural 

Products against Methicillin Resistant Staphylococcus aureus” of worth 0.15 

million approved by University of the Punjab, Lahore. 
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