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Table 3.4. Presence of mepA, gyrA and sepA in MSSA and MRSA strains on S. aureus  

 MSSA ATCC 25923 MRSA ATCC33591 

mepA + + 

gyrA + + 

sepA - + 

+ detected by PCR 

- not detected by PCR 

 

3.5. DISCUSSION 

In this study, PCR was used to identify and compare the presence of efflux pump 

genes in MSSA ATCC 25923 and MRSA ATCC 33591. Optimization of the PCR was 

essential in ensuring that only products of interest were amplified for easy and effective 

comparison. This was done by changing a various parameters in the reactions such as primer 

concentration, magnesium chloride concentration and annealing temperature. The determined 

optimal primer concentration was 10pmol/μl, as no non-specific amplicons and no primer 

dimers were observed on the agarose gels. After performing a magnesium chloride profile for 

each of the PCR conditions using the optimal 10pmol/μl primer concentration, it was 

observed that the mepA gene in the MSSA ATCC 25923 strain, was detected at a MgCl2 

concentration of 1mM; the other genes were detected at MgCl2 concentrations of 1.5mM for 

both MSSA ATCC 25923 and MRSA ATCC 33591 strains. A 2% agarose gel was used for 

visualization of the sepA gene and a 1.5% agarose gel was used for mepA and gyrA genes. 

The difference in the agarose gel percentage ensured proper separation and visualization of 

PCR amplicons of different sizes. 
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The absence of the sepA gene in the MSSA ATCC 25923 strain under optimal PCR 

conditions, suggests that this efflux pump gene could play a role in conferring resistance 

tothis strain. However, a study carried out by Couto et al. (2008) demonstrated the presence 

of sepA in the ATCC 25923 strain. The discrepancies in results could be attributed to the 

differences in growth conditions and media used as well as the kit employed for total RNA 

extraction (Rneasy Mini Kit QIAGEN) which could have had an effect on the results 

obtained (Couto, Costa et al. 2008). Various studies have been carried out that focus on the 

activity of efflux pumps and their ability to confer resistance to bacteria such as S. aureus. A 

previous study carried out by Narui et al (2002) demonstrated that the sepA gene plays a role 

in the resistance of S. aureus to antiseptics. The study also showed that potential mutations 

that may arise lead to the over-expression of this gene, thereby causing an increase in the 

level of resistance (Narui, Noguchi et al. 2002). Other studies have reported that mepA 

confers resistance to numerous compounds and antibiotics such as biocides, a variety of dyes 

as well as fluoroquinolones (Kaatz, McAleese et al. 2005; McAleese, Petersen et al. 2005). It 

has been shown that mepA expression is regulated by MepR (a transmembrane regulator) 

which is capable of sensing toxic compounds thereby facilitating the expression of mepA 

leading to drug resistance (Kumaraswami, Schuman et al. 2009). 

In addition, numerous earlier studies have shown that NorA is responsible for 

quinolone resistance, which has been shown to arise even in the absence of mutations in 

topoisomerases (Kaatz, Seo et al. 1993; Kaatz and Seo 1995). S. aureus was shown to acquire 

resistance to glycopeptides, such as vancomycin, by attaining the vanA gene from 

Enterococcus faecalis (Weigel, Clewell et al. 2003). The qacA gene, found in S. aureus, has 

been shown to confer multidrug resistance to various dyes such as ethidium bromide, 

antiseptics, disinfectants, benzalkonium chloride and chlohexidine (Littlejohn, Paulsen et al. 
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1992; Leelaporn, Paulsen et al. 1994). Taken together, data clearly show that antibiotic 

resistance in S. aureus is a complex process, involving different genes and mechanisms. 

Multidrug transporters, which are encoded by a number of genes, have also been 

identified in a number of other bacteria such as Bacillus subtilis, where four different 

transporter genes have been identified, namely Bmr, Blt (Neyfakh, Bidnenko et al. 1991; 

Ahmed, Lyass et al. 1995), Bmr3 (Ohki and Murata 1997) and EbrAB (Jack, Storms et al. 

2000; Masaoka, Ueno et al. 2000); the proteins encoded by these genes able to extrude drugs 

from bacterial cells. Streptococcus pneumonia has also been shown to possess 

chromosomally-encoded efflux pump genes mefA or mefE. Here, these MF family EPs play a 

role in macrolide resistance by reducing the internal concentration inside the bacterial cell 

(Sutcliffe, Tait-Kamradt et al. 1996; Tait-Kamradt, Clancy et al. 1997). 

Bacteria are able to acclimatize to different unfavourable environments, such as the 

presence of antibiotics, as a result of their ability to regulate their gene expression processes 

by either horizontal transfer of genetic material or through numerous modifications to their 

genetic sequences (Voss, Loeffen et al. 2005). EP proteins contribute to multidrug resistance 

through their ability to reduce the concentration of the antibiotics by means of antibiotic 

efflux (Li and Nikaido 2009; Villagra, Fuentes et al. 2012). Antibiotic resistance, as a result 

of EP proteins, can be reduced by growing bacteria in cultures containing 

nonphosphotransferase system (PTS) sugars. The latter results in the over-production of other 

genes which, in turn, increases the level of competition with the antibiotic efflux system, 

thereby reducing antibiotic resistance (Villagra, Fuentes et al. 2012).  

The virulence factors employed by a number of bacteria are not fully understood at 

the molecular level (Kumar and Varela 2012). The studies of the different mechanisms, by 

which bacteria are able to cause multidrug resistance, facilitate the development of more 
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effective antibiotics for the treatment of infections (Lewis 1994; Lewis 2001). It is believed 

that the unsupervised and uncontrolled intake of antibiotics is the reason for the development 

of drug resistance, but drug resistance has also been reported in areas where no antibiotics 

have been used (Wright 2007). For example, a recent study carried out by Zhang and 

colleagues (2011) demonstrated the development of antibiotic resistant bacteria during the 

early stage of infant development (Zhang, Kinkelaar et al. 2011). 

Multi-drug efflux pumps found in bacteria play a major role in conferring multi-drug 

resistance (Tennent, Lyon et al. 1989). Studying and understanding the mechanisms by which 

pathogenic bacteria become resistant is important due to the serious health and social 

implications they present (Kumar and Schweizer 2005; Gootz 2010). It is for this reason that 

understanding the ways to inhibit the action of these multi-drug efflux pumps, are vital 

(Lewis 2001; Lomovskaya and Bostian 2006). 

Over-expression of efflux pumps can be induced by the constant presence of 

antibiotics or substrates (Teran, Felipe et al. 2003). Efflux pump proteins also become 

resistant to antibiotics through amino acid substitution in their protein structure. This enables 

them to be more efficient at extruding substances and, just like efflux pump over-expression, 

results in reduced intracellular antibiotic concentrations. As a result, this renders the bacteria 

less susceptible to that compound (Levy 2002; Li and Nikaido 2004; Poole 2005; Piddock 

2006; Stavri, Piddock et al. 2007). A wide variety of compounds and substrates have 

previously been tested in order to assess their ability to hamper the activity of S. aureus EPs. 

This is done in the hope of finding specific inhibitors of these pumps (Kaatz, Seo et al. 1993; 

Neyfakh, Borsch et al. 1993; Kaatz, Moudgal et al. 2003; Kristiansen, Leandro et al. 2003; 

Kristiansen, Leandro et al. 2006). In this study, the presence of three efflux pump genes (the 

mepA, gyrA and sepA) in S. aureus was studied. Results showed that both mepA and gyrA 

were present in both methicillin-sensitive, as well as methicillin-resistant, S. aureus strains. 
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EP gene sepA was only present in the methicillin-resistant S. aureus strain, suggesting that it 

plays a role in conferring resistance to S. aureus.  

Future prospects include performing quantitative Real-Time PCR (RT-PCR) to 

quantify the efflux pump genes as well as investigate the effect of the selected compounds on 

them. 
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Staphylococcus aureus is a Gram-positive coccus first discovered in 1880 in 

Aberdeen, Scotland, by a surgeon by the name of Alexander Ogston (Ogston 1984). It is 

found on the skin, nose and mouth of approximately 20-30% of humans (Jack 2000). It 

causes a wide range of hospital- and community-acquired infections such as deep tissue and 

skin infections (Jack, Storms et al. 2000; Daniyan, Galadima et al. 2011). S. aureus causes 

these diseases because it is able to produce a number of virulence factors, including toxins 

and haemolysing enzymes (Tait-Kamradt, Clancy et al. 1997; Rajaraman, Jack et al. 2000). 

Methicillin-resistant Staphylococcus aureus (MRSA) was reported in 1960, not long after the 

introduction of methicillin (Lewis 2001; Chacon, Estruga et al. 2012). Not only is S. aureus 

resistant to methicillin, but it has also developed resistance to a number of other antibiotics, 

thereby limiting its treatment options (Taylor, Blakely et al. 2008). S. aureus is able to build 

resistance to a wide range of antibiotics through the acquisition of multidrug-resistant (MDR) 

phenotypes, which is associated with increased rates of mortality and morbidity (D'Costa, 

Griffiths et al. 2007; Wright 2007; Wright 2007). 

The ability of bacteria, including S. aureus, to develop resistance to numerous drugs 

has led to some urgency and need to explore other treatment options (Cheng, Gosewehr et al. 

1996; Lomovskaya and Bostian 2006). Plant compounds have been shown to possess 

distinctive antimicrobial activities and are able to enhance the antibacterial activity of various 

drugs (Cushnie and Lamb 2006). Flavonoids are plant products that have a wide distribution 

in plants and are being studied for their wide range of medicinal properties, which include 

possible anti-inflammatory (Serizawa, Osawa et al. 1992), antimicrobial (Tsuchiya, Sato et al. 

1996), and antioxidant (Chung and Ng 2012) properties. Various studies have been conducted 

that outline the antimicrobial activities of flavonoids, including their additive or synergistic 

effects (Barua, Nazeran et al. 2005; Nazeran, Chatlapalli et al. 2005; Stefanovic, Stanojevic et 

al. 2012). 
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S. aureus contains a number of multidrug-resistant efflux pumps that play a role in 

conferring multidrug resistance against numerous antibiotics (Tennent, Lyon et al. 1989; 

Narui, Noguchi et al. 2002). These efflux pumps are encoded by various chromosomal and 

plasmid genes such as mepA, norA, sepA and qacA/B (Kumar and Varela 2012). Efflux 

pumps enable the bacteria to become resistant to antimicrobial agents by reducing their 

intracellular concentration. It has also been established that the slow rate at which efflux 

takes place allows these bacteria to alter the antibiotic target sites (Lewis 2001). It is for this 

reason that developing a suite of new antimicrobial agents to target these efflux mechanisms 

may prove to be beneficial if effective treatments are to be found. (Griffith, Corcoran et al. 

2006).  

The first aim of this study was to determine the minimum inhibitory concentrations 

(MICs) of four antibiotics (tetracycline, ampicillin, methicillin and vancomycin) including 

three flavonoids (chrysin, naringenin and 7-hydroxyflavone), alone and in combination 

against methicillin-sensitive ATCC 25923 (MSSA) and methicillin-resistant ATCC 33591 

(MRSA) S. aureus strains, using Kirby-Bauer disk diffusion and microtitre microdilution 

assays. Synergistic ratios were calculated for the microtitre assay combination results to 

assess wheter any synergistic or additive effects could be identified due to the presence of the 

flavonoids. The second aim was to compare the presence of three efflux pump genes (mepA, 

sepA and gyrA, including the house-keeping gene 16S) in the MSSA ATCC 25923 and 

MRSA ATCC 33591 strains using polymerase chain reaction (PCR). 

For the Kirby-Bauer disk diffusion assay, various concentrations of antibiotics 

tetracycline, ampicillin, methicillin and vancomycin produced inhibitory effects on the 

MSSA ATCC 25923 strain that ranged from susceptible to resistant when compared to the 

MIC interpretive standards for Staphylococcus species as outlined by the Clinical and 

Laboratory Standards Institute (CLSI 2007). The MRSA ATCC 33591 strain was only 
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susceptible to vancomycin. Flavonoids did not show any inhibitory effect on bacterial growth 

in the disk diffusion assay and did not enhance or reduce inhibitory activity of the antibiotics 

in the combination studies. This lack of antibacterial activity exhibited by the flavonoids 

could be attributed to the inability of the flavonoids to effectively diffuse out of the disks 

(Zheng, Tan et al. 1996). However, in the microtitre assay, naringenin did enhance the 

antibacterial activity of tetracycline and ampicillin, as could be observed by the reduction in 

the bacterial growth rates. This was evident as calculated synergistic ratios by the Abbot 

formula showed that naringenin had an additive effect. However, concentrations of 

tetracycline and ampicillin used in the combination studies were those that showed no 

inhibitory effect on bacterial growth.. Chrysin and 7-hydroxyflavone were not used in the 

microdilution assay as they formed precipitates when diluted in the solvent, which would 

have led to unreliable results.  

Since naringenin did show an additive effect when combined with tetracycline and 

ampicillin in the microtitre assay, future work, therefore, is to explore the effect of these 

flavonoid and antibiotic combinations on the expression and overall activity of these efflux 

pumps. This is important as these pumps have previously been implicated in multidrug 

resistance. It has been shown that, in addition to the direct and synergistic antibacterial 

activities of flavonoids, they are also capable of hindering numerous bacterial virulence 

factors such as enzymes, toxins and signal receptors, and can also inhibit the working of 

efflux pumps (Brusco and Nazeran 2005; Cushnie and Lamb 2011). Efflux pump proteins 

coded for by efflux pump genes are responsible for the extrusion of antibiotics thus allowing 

the pathogens to avoid antimicrobial effects (Lomovskaya and Bostian 2006). Recent studies 

have also shown that some flavonoids efficiently inhibit the efflux pumps involved in 

antibiotic resistance in S. aureus (Smith, Kaatz et al. 2007)  
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The presence of efflux pump genes in MSSA ATCC 25923 and MRSA ATCC 33591 

was compared using PCR. However, a lot of optimisation needed to be done in order to 

amplify these specific genes. Primer concentration and magnesium chloride concentration, as 

well as annealing temperature, all had to be optimised for the efflux pump genes to be 

properly amplified and visualised on the agarose gel. Efflux pump genes mepA and gyrA 

were seen in both strains, whereas sepA was only observed in the MRSA ATCC 33591 strain. 

The presence of efflux pump genes in both MSSA ATCC 25923 and MRSA ATCC 33591 

confirms that these genes are present in both sensitive and resistant strains, and that their 

over-expression may lead to the bacteria’s ability to develop drug resistance. It is therefore 

recommended that future studies involve challenging the bacteria with various concentrations 

of antibiotic and naringerin combinations established in this study, to assess the effect that 

this would have on the efflux pump genes. These studies can facilitate the determination of 

which genes are up/down regulated. The function and role of these efflux pump genes can 

also be analyzed by carrying out studies that can knock out the genes in resistant strain and 

determine if the absence would enable the bacteria become susceptible to the various 

antibiotics and flavonoids. 
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APPENDIX I  
 

Kirby-Bauer assay results for flavonoids and antibiotic combinations 

 

 

                                                                       Inhibition zones (mm) 

                                      MSSA ATCC 25923                                 MRSA ATCC 33591 

 

Flavonoid 

Concentratio

n (mg/ml) 

 

Ch

r 

 

Na

r 

 

7-

hy 

 

Tet                

+ 

Chr 

 

Tet 

+ 

Nar 

 

Tet 

+ 

7-hy 

 

Flavonoid 

Concentratio

n (mg/ml) 

 

Ch

r 

 

Na

r 

 

7-

h

y 

 

Tet                

+ 

Ch

r 

 

Tet 

+ 

Na

r 

 

Te

t + 

7-

hy 

0.004 10 10 10 15.3 15.3 15.3 0.004 ─ ─ ─ ─ ─ ─ 

0.008 10 10 10 15.3 15.3 15.3 0.008 ─ ─ ─ ─ ─ ─ 

0.016 10 10 10 15.3 15.3 15.3 0.016 ─ ─ ─ ─ ─ ─ 

0.031 10 10 10 15.3 15.3 15.3 0.031 ─ ─ ─ ─ ─ ─ 

0.063 10 10 10 15.3 15.3 15.3 0.063 ─ ─ ─ ─ ─ ─ 

0.125 10 10 10 15.3 15.3 15.3 0.125 ─ ─ ─ ─ ─ ─ 

0.25 10 10 10 15.3 15.3 15.3 0.25 ─ ─ ─ ─ ─ ─ 

0.5 10 10 10 15.3 15.3 15.3 0.5 ─ ─ ─ ─ ─ ─ 

1 10 10.

5 

10 15.3 15.3 15.3 1 ─ ─ ─ ─ ─ ─ 

2 10 11 10 15.3 15.3 15.3 2 ─ ─ ─ ─ ─ ─ 

 

 

 

 

 

 

 

 

 

 

Table 1. Inhibition zones (mm) of flavonoids (0.004 – 2 mg/ml) in combination with tetracycline 

(1.25 µg/ml) against MSSA ATCC 25923 and MRSA ATCC 33591. 

Chr= chrysin; Nar= naringenin; 7-hy= 7-hydroxyflavone; Tet= tetracycline; ─= no zones of inhibition. 
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                                                                     Inhibition zones (mm) 

                                            MSSA ATCC 25923                                       MRSA ATCC 33591 

 

Flavonoid 

Concentratio

n (mg/ml) 
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Amp+ 
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Flavonoid 

Concentratio

n (mg/ml) 

 

Ch

r 

 

Na

r 

 

7-

hy 

 

Amp                

+ 

Chr 

 

Am

p + 

Nar 

 

Am

p 

7-hy 

0.004 10 10 10 19 19 19 0.004 ─ ─ ─ 11 11 11 

0.008 10 10 10 19 19 19 0.008 ─ ─ ─ 11 11 11 

0.016 10 10 10 19 19 19 0.016 ─ ─ ─ 11 11 11 

0.031 10 10 10 19 19 19 0.031 ─ ─ ─ 11 11 11 

0.063 10 10 10 19 19 19 0.063 ─ ─ ─ 11 11 11 

0.125 10 10 10 19 19 19 0.125 ─ ─ ─ 11 11 11 

0.25 10 10 10 19 19 19 0.25 ─ ─ ─ 11 11 11 

0.5 10 10 10 19 19 19 0.5 ─ ─ ─ 11 11 11 

1 10 10.5 10 19 19 19 1 ─ ─ ─ 11 11 11 

2 10 11 10 19 19 19 2 ─ ─ ─ 11 11 11 

Table 2. Inhibition zones (mm) of flavonoids (0.004 – 2 mg/ml) in combination with ampicillin (2.5 µg/ml) 

against MSSA ATCC 25923 and MRSA ATCC 33591. 

Chr= chrysin; Nar= naringenin; 7-hy= 7-hydroxyflavone; Amp= ampicillin; ─= no zones of inhibition. 
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                                                                       Inhibition zones (mm) 

                                             MSSA ATCC 25923                                     MRSA ATCC 33591 
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Concentratio
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0.004 10 10 10 19 19 19 0.004 ─ ─ ─ ─ ─ ─ 

0.008 10 10 10 19 19 19 0.008 ─ ─ ─ ─ ─ ─ 

0.016 10 10 10 19 19 19 0.016 ─ ─ ─ ─ ─ ─ 

0.031 10 10 10 19 19 19 0.031 ─ ─ ─ ─ ─ ─ 

0.063 10 10 10 19 19 19 0.063 ─ ─ ─ ─ ─ ─ 

0.125 10 10 10 19 19 19 0.125 ─ ─ ─ ─ ─ ─ 

0.25 10 10 10 19 19 19 0.25 ─ ─ ─ ─ ─ ─ 

0.5 10 10 10 19 19 19 0.5 ─ ─ ─ ─ ─ ─ 

1 10 10.

5 

10 19 19 19 1 ─ ─ ─ ─ ─ ─ 

2 10 11 10 19 19 19 2 ─ ─ ─ ─ ─ ─ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 3. Inhibition zones (mm) of flavonoids (0.004 – 2 mg/ml) in combination with methicillin (5 µg/ml) 

against MSSA ATCC 25923 and MRSA ATCC 33591. 

Chr= chrysin; Nar= naringenin; 7-hy= 7-hydroxyflavone; Met= methicillin; ─= no zones of inhibition. 
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                                                                       Inhibition zones (mm) 

                                     MSSA ATCC 25923                                     MRSA ATCC 33591 

 

Flavonoid 

Concentrati
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Flavonoid 

Concentratio

n (mg/ml) 
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n                
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0.004 10 10 10 14 14 14 0.004 ─ ─ ─ 14 14 14 

0.008 10 10 10 14 14 14 0.008 ─ ─ ─ 14 14 14 

0.016 10 10 10 14 14 14 0.016 ─ ─ ─ 14 14 14 

0.031 10 10 10 14 14 14 0.031 ─ ─ ─ 14 14 14 

0.063 10 10 10 14 14 14 0.063 ─ ─ ─ 14 14 14 

0.125 10 10 10 14 14 14 0.125 ─ ─ ─ 14 14 14 

0.25 10 10 10 14 14 14 0.25 ─ ─ ─ 14 14 14 

0.5 10 10 10 14 14 14 0.5 ─ ─ ─ 14 14 14 

1 10 10.

5 

10 14 14 14 1 ─ ─ ─ 14 14 14 

2 10 11 10 14 14 14 2 ─ ─ ─ 14 14 14 

 

 

 

 

 
 

 

 

 

 

 

 

 

Table 4. Inhibition zones (mm) of flavonoids (0.004 – 2 mg/ml) in combination with vancomycin (5 

µg/ml) against MSSA ATCC 25923 and MRSA ATCC 33591. 

Chr= chrysin; Nar= naringenin; 7-hy= 7-hydroxyflavone; Van= vancomycin; ─= no zones of inhibition. 
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APPENDIX II 

 

PCR Optimization results 
 

 

Annealing temperature of 53°C 

 

  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. 1% agarose gel analysis of mepA and sepA amplified using gene specific 

primers at annealing temperature of 53°C and primer concentration of 10 pmol/µl. 

Lanes 1 and 10: 100bp DNA molecular weight marker; Lanes 2-4- mepA gene 

amplification- no template PCR control (negative control), for MSSA ATCC 25923 

and MRSSA (ATCC 33591) strains respectively; Lanes 5-7: sepA gene amplification- 

no template PCR conrol (negative control), MSSA ATCC 25923 and MRSA ATCC 

33591 strains respectively; Lanes 8 and 9: 16S, house-keeping gene amplification 

(internal positive control) for both MSSA ATCC 25923 and MRSA ATCC 33591 

strains respectively.  
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Annealing temperature of 54°C 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. 1% agarose gel analysis of mepA and sepA amplified using gene specific 

primers at annealing temperature of 54°C and primer concentration of 10 pmol/µl. 

Lanes 1 and 13: 100bp DNA molecular weight marker; Lanes 2-4: mepA gene 

amplification- no template PCR control (negative control), MSSA ATCC 25923 

and MRSSA (ATCC 33591) strains respectively; Lanes 5-7: sepA gene 

amplification- no template PCR conrol (negative control), for MSSA ATCC 25923 

and MRSA ATCC 33591 strains respectively; Lanes 8: 10- gyrA gene 

amplification- no template PCR control (negative control), MSSA ATCC 25923 

and MRSA ATCC 33591 strains respectively; Lanes 11 and 12: 16S, house-keeping 

gene amplification (internal positive control) for both MSSA ATCC 25923 and 

MRSA ATCC 33591 strains respectively.  
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Annealing temperature of 55°C 

 

 

 

 

 

 

 

 

 

 

Annealing temperature of 56°C 

 

 

 

 

 

 

 

 

 

Figure 1. 1% agarose gel analysis of mepA and sepA amplified using gene specific 

primers at annealing temperature of 55°C and primer concentration of 10 pmol/µl. 

Lanes 1 and 10: 100bp DNA molecular weight marker; Lanes 2-4: mepA gene 

amplification- no template PCR control (negative control), for MSSA ATCC 25923 

and MRSSA (ATCC 33591) strains respectively; Lanes 5-7: sepA gene 

amplification- no template PCR conrol (negative control), for MSSA ATCC 25923 

and MRSA ATCC 33591 strains respectively; Lanes 8 and 9: 16S, house-keeping 

gene amplification (internal positive control) for both MSSA ATCC 25923 and 

MRSA ATCC 33591 strains respectively.  

 

Figure 1. 1% agarose gel analysis of mepA and sepA amplified using gene 

specific primers at annealing temperature of 56°C and primer 

concentration of 10 pmol/µl. Lane 1: 100bp DNA molecular weight 

marker; Lanes 2-4: mepA gene amplification- no template PCR control 

(negative control), for MSSA ATCC 25923 and MRSSA (ATCC 33591) 

strains respectively; Lanes 5-7: sepA gene amplification- no template PCR 

conrol (negative control), for MSSA ATCC 25923 and MRSA ATCC 

33591 strains respectively; Lanes 8 and 9: 16S, house-keeping gene 

amplification (internal positive control) for both MSSA ATCC 25923 and 

MRSA ATCC 33591 strains respectively.  
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Appendix III 

Summary of antibiotic resistance  

Resistance to β-lactams and methicillin 

 

 

 

 

 

 

 

 

 

(a) Induction of staphylococcal β-lactamase synthesis in the presence of the β-lactam antibiotic 

penicillin. I. The DNA-binding protein BlaI binds to the operator region, thus repressing RNA 

transcription from both blaZ and blaR1- blaI. In the absence of penicillin, β-lactamase is expressed at 

low levels. II. Binding of penicillin to the transmembrane sensor-transducer BlaR1 stimulates BlaR1 

autocatalytic activation. III–IV. Active BlaR1 either directly or indirectly (via a second protein, 

BlaR2) cleaves BlaI into inactive fragments, allowing transcription of both blaZ and blaR1-blaI to 

commence. V–VII. β-Lactamase, the extracellular enzyme encoded by blaZ (V), hydrolyzes the β-

lactam ring of penicillin (VI), thereby rendering it inactive (VII). (b) Mechanism of S. aureus 

resistance to methicillin. Synthesis of PBP2a proceeds in a fashion similar to that described for β-

lactamase. Exposure of MecR1 to a β-lactam antibiotic induces MecR1 synthesis. MecR1 inactivates 

MecI, allowing synthesis of PBP2a. MecI and BlaI have coregulatory effects on the expression of 

PBP2a and β-lactamase.  
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Resistance to vancomycin 

 

 

 

 

 

 

 

 

 

 

 

 

Mechanisms of S. aureus resistance to vancomycin: VISA strains. VISA strains appear to be 

selected from isolates that are heterogeneously resistant to vancomycin. These VISA strains 

synthesize additional quantities of peptidoglycan with an increased number of D-Ala-DAla 

residues that bind vancomycin, preventing the molecule from getting to its bacterial target. 
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Resistance to vancomycin 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Mechanisms of S. aureus resistance to vancomycin: VRSA strains. VRSA strains are resistant to 

Vancomycin because of the acquisition of the vanA operon from an enterococcus that allows synthesis 

of a cell wall precursor that ends in D-Ala-D-Lac dipeptide rather than D-Ala-D-Ala. The new 

dipeptide has dramatically reduced affinity for vancomycin. In the presence of vancomycin, the novel 

cell wall precursor is synthesized, allowing continued peptidoglycan assembly. 
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Appendix IV 

Summary of the structures of flavonoids  

 

         

 
The skeleton structures of the main classes of flavonoids: aurones , isoflavones  (e.g. Sophoraisoflavone 

A), chalcones (e.g. Licochalcone A), flavanones  (e.g. Naringenin), flavones (e.g. Chrysin), flavonols (e.g. 

Galangin), flavanon-3-ols (e.g. Dihydrofisetin), anthocyanidins , flavan-3-ols (e.g. Epigallocatechin), 

proanthocyanidins (occur as dimers, trimers, tetramers and pentamers; R=0, 1, 2 or 3 flavan-3-ol 

structures), flavans (e.g. 6,4'-Dichloroflavan) flavan-3,4-diols (e.g. Leucocyanidin) and dihydrochalcones. 
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