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Staphylococcus aureus is one of the main significant pathogens that are wide spread in human 
environment. It is responsible for several diseases some of which are considered as life threatening. 
Although many antibiotics are available, there is the possibility that the organism may develop a new 
mechanism to evade the effect of those drugs. Many bacteria have been recognised as multiple 
antibiotic resistant which increase the need to invent a new techniques that can be used to control the 
spread of those infectious organism. In fact, using quorum sensing (QS) to dominate virulence factors 
has been shown to have good results. In this project, a group 2 agr bio-reporter was constructed after 
identifying the correct start codon of the AgrC gene. Then several synthetic AIPs were used in order to 
activate or inhibit the bio-reporter. There was an obvious inhibition by using AIP-I and Ala5 (AIP-I), while 
using AIPI-IV presented no inhibition against AgrC-2 activation. A new AIP molecule (CpgAIP73) was 
used in this study which showed very little inhibition by using the highest concentration (100nM). It is 
becoming increasingly important to create potent antibacterial agents; inhibition of QS is an excellent 
mechanism to potentially reduce the virulence of these bacteria 
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INTRODUCTION 
 
Staphylococcus aureus is a significant bacterial pathogen 
known as golden staph that grows in grape-like irregular 
clusters. It is widespread in human environments and 
exists regularly on skin as well as mucous membranes. In 
fact, it is able to colonise many sites on and in the body 
which have lower resistance, including damaged skin, 
tissues and mucous membranes. Therefore, it is 
responsible for various forms of mammalian diseases 
which may initiate with superficial disorders, such as boils 
and psoriasis. Moreover, it can invade the immune 
system cells and causes further sever infections which 
are considered as being life-threatening (Deurenberg and 
Stobberingh, 2008). There is no doubt that using 
antibiotics has led to emergence of resistant strains 
which have complicated that issue by the emergence of 
many resistant strains in both hospitals and the 
community. Although several new antibacterial drugs are 
under examination, there is high concern that S. aureus 
may develop new resistance mechanisms (de Lencastre 
et al., 2007). Consequently, it is mentioned that the 
pathogenic capacity can be disrupted by attenuating 
virulence mechanism that does not select for resistance 

 (Williams, 2002). 
Many bacteria regulate their virulence by quorum 

sensing (QS). It can be described as the production and 
secretion of small signal molecules that accumulate 
which, at a certain concentration threshold activate a 
specific regulator that controls gene expression. In fact, 
QS is the leading regulation pattern that controls gene 
expression system as a function of bacterial density 
(Williams et al., 2007). Many studies have tried to inhibit 
virulence by trying to disrupt communication by degrading 
the concentration of these signal molecules which usually 
increases according to the cell growth (Jensen, 2009). 
Moreover, another way that can be utilized is by inhibiting 
the intracellular receptors which are activated by these 
signal molecules (Williams, 2002; Novick, 2003). 
Furthermore, it is also possible to disrupt quorum sensing 
by antagonising activation (Jensen et al., 2008). 

It has been thought for many years that virulence 
factors in S. aureus are regulated by the growth phase 
(Lowy, 1998). Virulent mutants were used to identify the 
main genetic loci responsible for virulence factors and it 
is seemed to be that a particular region in the  
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Figure 1 A. This picture explains the activation of agr 
system in S. aureus. AIPs are secreted by AgrB which 
then can be recognised by AgrC. This leads to transcript 
of both RNAII and RNAIII 

 
 
chromosome is the master regulator which have been 
given different names, such as hla, exp and lastly agr 
(Brown and Pattee, 1980; Recsei et al., 1986). The agr 
system, which controls the expression of diverse range of 
genes for example exotoxins and colonization factors, is 
encoded by agr locus (Novick, 2003). Genes of 
adhesions, for instance fibronectin binding proteins are 
repressed when the organism reaching stationary phase. 
Simultaneously, genes coding exotoxins like alpha-
haemolysin are activated (Jensen, 2009). Therefore, agr 
system efficiently able to control the equipoise of 
virulence factors at the time of colonization as well as the 
invasion stage that is associated with staphylococcal 
infection (Jensen, 2009). A previous study (Novick, 2003) 
has reported that using an agr mutant in an animal model 
lead to a significant increase in survival, data that proves 
the importance of the agr system in controlling virulence 
in vivo. This illustrates a vital role for that locus which can 
be focused on to generate agents aiming to prevent QS 
and work as antistaphylococcal agents (Park et al., 
2007). 

The agr locus is a part of the S. aureus core genome. It 
consists of two variant operons known as RNAII and 
RNAIII which are controlled by two promoters P2 and P3, 
respectively (Novick et al., 1995). The former one 
encodes the transcripts of four genes including agrB, D, 
C and A which are responsible for the machinery required 
to synthesise and sense the signal molecule which in this 
case is known as autoinducing peptide (AIP) (Figure1.A.) 
(Novick et al., 1995). AgrD encodes a propeptide which is 
processed by AgrB at the cytoplasmic membrane. 
Processed and secreted AIP result in the formation of a 
cyclised mature peptide between seven and nine amino 
acid and are recognised by the sensor kinase AgrC (Lina 
et al., 1998). Following that stage, a phosphate group is 
transferred between AgrC and AgrA a response 
regulator. Phosphorylated AgrA binds and activates the 
transcription of agr system and RNAIII (14 ?? to provide 
full name ??). Furthermore, it has been noticed that a 

third promoter called P1 is recognised which controls 
RNAI to encode just AgrA, although its contribution to agr 
function, is not thought to be significant (Queck et al., 
2008).  

RNAIII is one of the most important intracellular 
effectors which are considered as a very abundant and 
stable regulatory molecule that contains a complicated 
secondary structure (Benito et al., 2000). It is involved in 
encoding the haemolysin and it is mentioned that hld 
gene is responsible for that (Janzon and Arvidson, 1990). 
It is known that RNAIII works as an antisense molecule 
controlling the translation of pleiotropic regulators and 
individual exoproteins (Tegmark et al., 2000; McNamara 
et al., 2000). RNAIII directly regulates the translation of 
both protein A and alpha hemolysin. It is confirmed that 
the former one is down regulated (Benito et al., 2000) 
while the latter one is up regulated (Morfeldt et al., 1995). 

S. aureus species can be split into 4 separate groups 
dependent on the amino acid sequence of the AIP 
produced (agrI-IV) and each group is activated by the 
corresponding AIPs (AIPI-IV) (Figure1.B.) (Mdowell et al., 
2001). In fact, the different AIP groups were not identified 
at the same time as the first three were reported first by 
Guangyongand and colleagues (Ji et al., 1997) while a 
few years later several studies identified the AIP-IV group 
(Mdowell et al., 2001; Jarraud et al., 2000; Otto et al., 
2001. The signal molecules are similar between different 
groups but not identical in terms of the structure as each 
one includes a thiolactone ring but the N-terminus is 
changeable in most of them (Kalkum et al., 2003). 

One of the most significant current discussions in the 
agr Interference is the amazing potency of the 
autoinducing peptides to activate or inhibit the agr 
systems. Indeed, each group can be recognized in terms 
of their capability to activate or inhibit the agr systems, for 
instance AIP-I is considered as the activator of agrI but it 
has the ability to cross-inhibit agrII-IV (Ji et al., 1997).  
Although the only difference between AIP-I and AIP-IV is 
a single amino acid, each one can be an activator of their  
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Figure 1 B. The structure of the four AIPs 
molecules. These two pictures have been 
taken from annual review (Novick and 
Geisinger, 2008). 

 
 

Table 1 A. Bacterial strains and their genotype that were used  
 

Name                                             Genotype                                                              Reference 
 
Staphylococcus aureus strains 
ROJ48 ROJ40 ∆agr∷ErmB pÄagr-lux (SCO) 

tet erm 
     (Jensen et al., 2008) 
 

Mu50 Wild Type Group 2 strain       (O’Neill and Chopra, 2002) 
Escherichia coli strains 
Top10 F- mcrA ∆(mcr-hsdRMS-mcr-BC) 

φ80lacZ ∆M15 
∆lacX74deoR recA1 araD139∆(ara-
leu) 7697galU 
galK rpsL (StrR)endA1 
nupG 

       (Jensen, 2009) 

JM109 F’ traD36 proA+B+ lacIq ∆(lacZ)M15/ 
∆(lac-proAB) 

        (Jensen, 2009) 

 
 
groups and at the same time they can inhibit each other 
(Mdowell et al., 2001). Furthermore, each autoinducing 
peptides of the first three can activate their AgrC 
receptors and work as cross-inhibitors for the alternative 
groups (Lyon et al., 2002).  

The purpose of this project is to construct a group 2 agr 
bio-reporter. This goal is complicated by the suspected 
miss annotation of the start codon of agrC in the genome 
sequences of Staphylococcus aureus group 2 strains, 
resulting in a potential large deletion of the N-terminus of 
agrC if the annotated coding sequence is used. 
Moreover, after constructing the group 2 bio-reporter, 
several synthetic AIPs will be used in order to activate or 
inhibit the bio-reporter, in order to help to understand how 
different molecule structure activate or inhibit the agr 
system. 

MATERIALS AND METHODS 
 
All the strains, plasmid and primers were used in this 
study are summarised in Table1. (A, B and C). 
 
 
Culture media and antibiotics 
 
Growth Media 
 
Various forms of media were utilized during the study and 
all of them were autoclaved for 20 minutes at 120°C. The 
first broth culture was Luria Bertani medium (LB) which 
contains particular ingredients including tryptone, yeast 
and NaCl which were added in different concentrations. 
In order to make the LB agar, the same broth media was  
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Table 1 B. Plasmids were used and those which were constructed in the study. 
 

Name                            Genotype                                    Reference 
pAgrC1agrA pSKermP2 agrC1 agrA (Jensen et al., 2008) 
pSKermP2 pSK5630 ermB P2agr (Jensen et al., 2008) 
PAG1 - This study 
PAG2 - This study 
PAG3 - This study 
PAG4 - This study 
PAG5 - This study 

 
 

Table1.C. Primers, which were made by SIGMA Company, used in this project 
 

Name Oligo Sequence (5' to 3') 

agrCA2 F1 CGTAGGATCCCATATGGAAACAATAAACAACTTAGC 
agrCA2 F2 CGTAGGATCCGCTATGGCCACTTTTCAATTAG 
agrCA2 F3 CGTAGGATCCACCATGTTTTTGTATTACTTCTATGG 
agrCA2 F4 CGTAGGATCCGTATTGATTCCAACTTTTTCATC 
AgrCA2 F5 CGTAGGATCCTTTTTGTATTACTTCTATGG 
agrCA2 R1 CGTAAAGCTTTTATTTTTTTTTAACGTTTCTCACCG 
Ay1 seq CGTGGTTTAGGTCTATC 
Ay 2 seq CCAATCATGTCATCTTCG 

. 
 
used in addition to 15g/L agar number1. The second 
media was the Brain Heart Infusion (BHI) which is a 
preferable liquid medium to cultivate many organisms 
under aerobic and anaerobic conditions, but in this 
project aerobic environment was provided. This culture, 
which is made by using cattle brains and hearts, contains 
important contents, such as dextrose, sodium chloride, 
disodium phosphate, pancreatic gelatin. When the solid 
media is required, 1.5% of agar where added to the final 
volume.  
 
 
Antibiotics 
 
One of the most significant aspects in cultivation the 
organisms, is include the antibiotic in the culture to allow 
the resistant strains to grow. Escherichia coli (E.coli) 
were grown in (LB) which contains ampicilin (100mg/ml) 
which was dissolved in sterile water.  In case of 
Staphylococcus aureus, four variant antibiotics were 
included the media (BHI), such as chloramphenicol 
(10mg/ml), tetracycline (5mg/ml) and combination of 
Erythromycin (5mg/1ml) with lincomycin (25mg/1ml). 
These four antibiotics were dissolved in ethanol (100%, 
70%, 100% and 50%) respectively. For more sterilization, 
each antibiotic was filtered and allocated into eppendorf 
tubes before storing them in -20°C.  
 
 
Growth circumstances 
 
Both of the organisms were incubated and grown at 37°C 
and in case of broth media a shaker incubator was used 
at 250 rpm. In order to measure the optical density, 
spectrometer was used at 600 nm (OD600).  

Dealing with DNA 
 
DNA digestion  
 
Two main enzymes (Bam HI and Hind III) and 1 x buffer 
E were provided by Promega Company in the UK. 
Sterilised distilled water was used with the buffer E to 
reach the final volume which was 40µl, while the 
restriction endonuclease was 1U and the DNA was 0.5-
1µg. Digestion was performed at least for 3 h at 37°C and 
some time overnight. The digested PCR products and the 
enzymatic reactions were purified using QIAquick PCR 
purification kit protocol. Then, the gel (1% wt/vol agarose 
gel) was run for the digested plasmid which was purified 
later as explained in posterior section. 
 
 
DNA Ligation 
 
Ligation of DNA was done by using both of Quick ligation 
kit and T4 DNA ligase which were requested from New 
England BioLabs in the UK. Different concentrations of 
purified DNA inserts and vector DNA (1:1, 3:1, 5:1, 9:1 
and 15:2 respectively) were added to the ligation reaction 
mix. In terms of using T4 DNA ligase, the mixture had 1 x 
T4 DNA ligation buffer and 1U ligase, then completed 
amount of sterilised distilled water to reach the final 
volume of 20ul. The ligation reactions were incubated at 
room temperature (20-25°C) for 2 h. In case of using 
Quick T4 ligation kit the mixture contained 10ul 2x Quick 
ligation buffer, 1ul DNA ligase and an additional amount 
of sterilised distilled water to make up the final volume of 
20ul. Then, the ligation reactions were incubated at room 
temperature (20-25°C) for 5 min.  
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Primers synthesis 
 
All the primers (see table1.C.) were prepared by the 
Sigma Genosys in the QMC located in University of 
Nottingham.  
 
 
Polymerase Chain Reaction 
 
In order do amplify the DNA, polymerase chain reaction 
(PCR) was used as explained by (Jensen, 2009). With 
regard to cloning process, the master mix (Mx) reaction 
contained 1U of Phusion™ Taq polymerase, 5x Buffer, 
10mM of dNTPs, 100mM of every primer, 50-250ng per 
50 µl reaction of DNA and finally add an additional of 
sterilised distilled water to reach the final volume of 50µl. 
After loading the samples in the apparatus, it was firstly 
programmed at 98°C for 30sec for template denaturation. 
Then, annealing the primers at 55°C for 20sec before the 
extension took place at 72°C for 70sec. The number of 
repetition was regulated at 29 cycles. Finally, there was 
an extra 10 min at 72°C to make sure that extension has 
been applied for all the fragments. 
 
 
PCR Purification 
 
After performing the PCR procedure, QIAquick PCR 
purification kit was used to purify the products. A mixture 
of 1 volume of the PCR product with 5 volumes of Buffer 
PB was prepared. The mixture was transferred to 
QIAquick spin column and spun for 1min at 13,000 rpm to 
bind the DNA and remove the flow-through. For washing, 
0.75ml of buffer (PE) was added and spun twice at 
13,000 rpm for 1 min and after each time the flow through 
were discarded. The QIAquick columns were replaced to 
1.5 ml microcentrifuge tubes, thus the DNA can be eluted 
into clean tubes by adding 30µl of H2O and spun for 1min 
at 13,000 rpm.  
 
 
Running the gel electrophoresis 
 
The gel was prepared by mixing 1% of agarose gel with 1 
x TAE buffer (pH 8.5) and to visualize the bands ethidium 
bromide stain was added to the gel at concentration of 
0.5µl / ml. Then, the gel was transferred to a tank which 
had TAE buffer to load the samples which contained 5 
volumes of DNA solution with 1 volume 6 x loading dye 
which presented different colours during the DNA 
immigration. In order to measure the size of each 
fragment, 1kb DNA ladder (pH 7.4) was loaded at 
5µl/lane beside the samples. Then, an electric potential 
was provided at 80-120 V for 30-80 min. Bands could be 
visualised by using UV illumination in order to be 
extracted as required. Both of loading dye and DNA 
ladder were supplied by Promega institution in the UK. 

 
 
 
 
Gel extraction 
 
The required bands were extracted from the gel and 
transferred to a clean 1.5 ml microcentrifuge tube. The 
band then got dissolved by adding QG buffer (1 volume 
to 3 volumes respectively) at 50°C for 10 min. The 
dissolved gel was replaced to QIAquick spin column to be 
spun at 13,000 rpm for 1 min. The flow-through was 
discarded and then the filter was washed by adding 750µl 
PE buffer. The columns were spun twice at 13,000 rpm 
for 1 min and the flow-through was discarded. The 
QIAquick column was placed to 1.5 ml microcentrifuge 
tubes to elute the DNA which done by adding 30ul dH2O. 
All the buffers were provided together in QIAquick Gel 
extraction Kit.   
 
 
Analyzing DNA sequence data 
 
The DNA sequence data were performed by using 
different website tools which provide free programs for 
that purpose, for example Basic Local Alignment Search 
Tool (BLAST) [http://blast.ncbi.nlm.nih.gov/Blast.cgi] and 
the National Centre Biotechnology Information (NCBI) 
[http://www.ncbi.nlm.nih.gov/]. Those websites were used 
to analyse the sequence as well as for comparison. 
Plasmid sequence analysis was carried out using the 
Sequence analysis software DNAseqman.  
 
 
Dealing with Escherichia coli 
 
Preparation of the competent cells 
 
Two strains of E.coli (JM109 and Top10) were prepared 
to be the competent cells. The strains were grown in LB 
culture at 37°C overnight. Next day, they got diluted and 
grown again until reaching the appropriate concentration 
(OD600 of 0.3-0.4). After incubation on ice for 30 min, 
they were centrifuged (4°C, 4000 x g for 10 min). The 
supernatant was discarded and the pellets suspended in 
calcium chloride (CaCl2), then, the tubes were kept in ice 
for 30 min. Following that, the cells were centrifuged 
again at the same condition and the supernatant was 
discarded and the pellets suspended in CalCl2 and 
incubated at 4°C over night in ice box. To store the 
competent cells in -80°C, 10% of glycerol was added 
before transferring 300µl of the cells into a seperate1.5 
ml microcentrifuge tube. 
 
 
Transformation of E.coli 
 
For this microbe, heat shock transformation technique 
was recommended. Firstly, the tubes were taken from the 
freezer and kept at room temperature until got melted, 
then, transferred to ice box. A particular amount of DNA  



 
 
 
 
(1-10µl) were mixed with 150µl of cells and incubated in 
ice for 30 min. After that, cells were placed directly into 
water bath at 42°C for just 3 min before returning them to 
the ice box. Cells were incubated at 37°C for 1 h after 
adding 500µl of LB to each tube. Finally, the cells were 
plated on LB which contained ampicilline.  
 
 
Dealing with Staphylococcus aureus 
 
Plasmid isolation 
 
This technique has been explained in the instruction 
paper which comes with the QIAprep Spin Miniprep Kit 
but here some changes were took place. In general, 
bacterial cells were grown overnight and 3 ml was taken 
to be centrifuged at 13,000 rpm for 2 min. Then, around 
250µl of the buffer (P1), which had RNase, was added to 
the pellets. The same amount was taken from the second 
buffer (PE) and added to the suspended pellets and the 
mixture was inverted several times. Another buffer (N3) 
was added (350µl) to the mixture and inverted again 
several times. Then the supernatant was taken to the 
QIAprep Spin column after applying the centrifuge at 
13,000 rpm for 10 min. The tubes were centrifuged and 
the flow-through was discarded and the filter was washed 
by adding 500µl of PE buffer and centrifuged to discard 
the flow-through. Another wash took place by adding 
750µl of PE buffer, and centrifuge to discard the flow-
through. The DNA was eluted (30-50µl of H2O) after 
placing the filter to a new microcentrifuge tube. Tubes 
were stood up for 1 min before doing the last centrifuge 
at 14,000 rpm for 1 min. 
 
 
Genomic DNA prep  
 
This was done exactly by following the steps in the 
instruction paper which comes with the QIAGEN DNeasy 
Tissue kit. 
 
 
Preparing electro-competent cells  
 
This was done for ROJ48 which was grown on BHI plates 
in order to take a single colony and inoculate 500ml BHI 
which was incubated at 37°C, 250rpm for 10-14h. That 
culture was used to inoculate 500ml BHI to OD600 of 0.1 
which was incubated at the same condition but until 
reaching 0.4-0.6 OD600. All the cells were centrifuged 
and the pellets were suspended twice in 25ml sterile 
dH2O to be washed. Then the washed cells were spun 
twice and the pellets were suspended each time in 20ml 
and 10ml sterile glycerol (10%). After incubation at room 
temperature, the cells were spun and some of the 
supernatant was discarded to use the remaining one in 
suspending the pellets. Finally, the cells were divided 
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evenly into eppendorf tubes.  
 
 
Electroporation of S. aureus 
 
At room temperature, 10µl of plasmid was added to 60µl 
of electrocompetent cells (ROJ48) which were transferred 
together to electroporation cuvettes. An electric potential 
was applied at 100Ω, 2.3kV and 25µF. When it was done, 
1ml of BHI was added and the mixture was transferred to 
25ml universal tubes to be incubated at 37°C for 3h. 
Lastly, around 5 x 200µl of cells were spread on BHI 
which had 10µg/µl chloramphenicol. 
 
 
Bioluminescence of AgrC-2 bio-reporter assay 
 
After the ROJ48 grew overnight in BHI with 
chloramphenicol, it got diluted which then got diluted 1/20 
and incubated at 37°C for 2h. Then, the media was 
diluted 1/50 into the 96 well microtiter plate which was 
given several signal molecules (AIPs) in different 
concentrations. The plate was read by Tecan 
luminometer which measures the luminescence and the 
OD600. The data were taken every 30min overnight and 
got calculated by using Excel program. To measure the 
EC50 and IC50, PRISM2 software was used. Each 
experiment was done at least three times. 
 
 
RESULTS 
 
In order to find the correct start codon the DNA sequence 
upstream of the annotated agrC gene from the group 2 
strain Mu50 was screened to find possible start codons., 
Five suspected start codons were identified that were 
ATG or TTG which are widely used initiation codons. All 
five possibilities where also in frame with the agrC stop 
codon (Figure 2). To evaluate which start codon was 
correct five separate constructs where generated that 
corresponed to the five different possible start codons. 
With the hypothesis being that only the correct start 
codon would make a functional AgrC. PCR was carried 
out as described in the methods to amplify each possible 
insert using primers listed in (Table 1 C.). The PCR 
products were digested and ligated with the pSKermP2 
vector to generate the five possible agrC-2 constructs 
which are listed in (Table 1 B). Each plasmid was 
sequenced (University of Nottingham). All five plasmids 
were  transformed into the reporter strain ROJ48 as 
described in the methods The functionality of each agrC-
2 containing plasmid was tested by adding 200nM AIPII 
to activate each bio-reporter. An obvious activation 
occurred in just one strain which released light (Figure 3). 
This confirms that Pag-1 had the correct start cordon and 
can be used for the rest of the experiments.  

The second part of this project is to measure the 
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Figure 2. Shows the five suspected start codons that were examined and it was confirms 
that the first star codon (atggaaacaataaacaacttagc) was the correct one. 

 
 

 
 

Figure 3. This graph illustrates which plasmid had the correct start codon 
which was activate by adding AIPII (200Nm) and incubated over night. The 
luminescence values were divided by the optical density values.  

 
 

 
 

Figure 4 A. This graph shows the efficiency of using range of concentrations 
(500nM-0Nm) to activate the AgrC receptors which, therefore, induce the 
light production.  

 
 
median effective concentration (EC50) which is a 
percentage that can be used to induce the half of the 
maximum response. That was achieved by using range 

of concentrations of AIPII that activate the AgrC-2 
receptor. The results (Figure 4 A) showed that using the 
highest concentration (500 nM) could obviously activate  
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Figure 4 B. This graph presents the EC50 value 
which was (20.79nM). The activation was by using the 
synthetic AIP-II to activate AgrC-2.  

 
 

 
 
Figure 5. The chemical structures of the AIPs that were used. The structure of AIPI, AIPIV, and 
Ala5 (AIPI) were taken from a scientific paper (Jensen et al., 2008) while the structure of 
CpgAIP73 was mad by a member of the Pharmacy department in Nottingham University (Gordon 
Christopher).  

 
 
the system and release more light than the lower 
concentrations. Moreover, the lowest concentrations (3.9 
nM and 1.9 nM) could not activate the system efficiently. 
The concentrations between 500 nM and 31.25 nM were 
able to induce the light production by more than 50% of 
the over all activation comparing with the concentrations 
between 1.9 nM and 15.6 nM. The data were collected 
from the graph and by using Prism2 programme, the 
EC50 was calculated which is 20.79 nM of AIPII that 
used as an activator of the reporter (Figure 4 B).  

The third part of this project is to find out the median 
inhibition concentration (IC50) which is the concentration 
that is seen when there is inhibition by half of the 
inhibitory response. In fact, there are several AIPs which 
able to antagonise the activation but in this study four 
different signal molecules were used (AIPI, AIPIV, Ala5 
and CpgAIP73) (Figure 5). Firstly, using the first two 
signal molecules AIP-I and IV are essential because the 

structure of both of them are similar and only differ from 
each other by a single amino acid which gives chance to 
investigate how a single change in the structure can play 
a major role in inhibition (Mdowell et al., 2001). After 
activating the AgrC-2 by using AIP-II (200nM) different 
concentrations of AIP-I were added ranging from (500nM 
to 0nM). This resulted in a visible inhibition by using 
500nM as well as 250nM. However, there was no a huge 
different by using concentrations between 250nM and 
0nM (Figure 6-A). The values were analysed by using 
Prism2 program to measure the IC50 which was 275nM 
(Figure 6-B). On the other hand, there was no inhibition 
by using AIPIV against AgrC-2 activation which clarified 
in the below graph (Figure 6-C). When the data were 
calculated by the previous program, it presented nearly 
straight line which has no even a modest inhibition 
against AgrC-2 (Figure 6 A-D).  

Furthermore, another clear example is Ala5 (AIPI) 
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Figure 6 A. Inhibition of AgrC-2 by using different concentrations of AIPI 
(500Nm-0nM). 
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Figure 6 B. The IC50 of AIPI which equal 275nM. 

 
 

 
 
Figure 6 (C) Using several concentrations (500Nm-0nM) of AIPIV which was 
not efficient inhibitor. 

 
 
which proves that how a single change in the structure of 
AIP can play a significant role to be an effective inhibitor. 
Actually, a simple mutation has been done to AIPI 
molecule by changing a single amino acid to alanine 
which resulted in an excellent inhibitor of all the agr 
groups (Mdowell et al., 2001). Therefore, that Ala5 was 
used in this project to illustrate the importance of signals 
modification. After activating the AgrC-2 by using AIPII 

(200nM) several concentrations of Ala5 (AIPI) ranging 
from (500nM - 0nM) were added to antagonise the 
activation of AgrC-2. The graph (Figure7 A) confirms that 
using Ala5 (AIPI) could greatly inhibit the activation of 
AgrC-2. Moreover, there was almost a complete inhibition 
by using (500nM and 250nM) and a satisfactory inhibition 
by using (125nM, 62.5nM, 31nM and 15.6nM). On the 
other hand, there was no massive difference between the  
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Figure 6 D. The IC50 of the AIPIV which presented 
nearly straight line.  

 
 

 
 

Figure 7 A. Confirms the efficiency of using Ala5 (AIPI) as a significant 
inhibitor especially when using the highest two concentrations (500nM and 
250nM). 
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Figure 7 B. Shows the IC50 value which was 55.03nM. 

 
 
last three concentrations comparing with the negative 
control (0nM). The next graph (Figure7 A-B) shows the 
IC50 of using Ala5 (AIPI) which was 55.03nM.  

Using the appropriate concentration is essential to 

measure the correct IC50, because in some cases the 
inhibition may occur but not that effective, for instance 
when the CpgAIP73 was used there was very little 
inhibition by using the highest concentration which was  
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Figure 8 A. The potency of using CpgAIP73 that has been designed by Gordon 
Christopher. Range of concentrations was applied but there was no huge inhibition. 
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Figure 8 B. The IC50 value which could not be 
calculated due to the low concentrations that were used.  

 
 
(100nM). The rest of the concentrations were not efficient 
and they presented similar result as the negative control 
(0nM) (Figure 8-A). In addition, the data were analysed 
by the Prisme2 program and it gave straight line until 
reaching the (100nM) then a sudden decrease occurred 
(Figure 8 A-B). Therefore, the software could not 
measure the IC50 value due to the low concentration that 
was used. 
 
 
DISCUSSION 
 
It is becoming increasingly difficult to ignore the 
emergence of the resistant strains of S. aureus which is 
one of the main causes of nosocomial and community 
infections. In fact, after many unsuccessful attempts to 
inhibit the spreading of that infectious organism, there is 
high demand to find new ways to control the problem. 
One suggested method is by virulence inhibition which is 
controlled by the agr system. It has been confirmed that a 
single mutation in agr system can greatly reduce the 

virulence comparing with the wild type (Bunce et al., 
1992; Cheung et al., 1994). Moreover, it has been 
mentioned that agr system can be blocked by using AIPII 
with Group 1 strain which leads to attenuated virulence 
(Mayville et al., 1999). In terms of biofilm formation, it has 
been shown that a mutant agr locus shows lower ability 
to produce biofilm (Johnson et al., 2008). Therefore, it is 
the time to consider agr system as a significant target to 
create agents that work as anti-virulence. 

In this study, choosing the correct start codon of AgrC 
was the first critical challenge to make the bio-reporter of 
group 2 strain Staphylococcus aureus. However, there 
are several online programs for defining the AgrC 
sequence which facilitates prediction of the initiation site. 
The third gene in the RNAII operon is involved in 
production of the AgrC receptor that contains two main 
units which are divided on the bases of their functions 
(Lina et al., 1998). It is apparent from analysing the data 
of AgrC sequence that the size of the gene is 1116 base 
pairs. In addition, including AgrC with the expression 
factor of AgrA was sequenced as well which equal 2022  



 
 
 
 
base pairs. That is equivalent to the sequence data that 
has been published by a recent study (Jensen, 2009) 
which also confirms that each group are different in terms 
of the size of their AgrC genes (agrC-1 equal 1245 or 
1293 while it is 1293 for both AgrC-3 and AgrC-4). 

After choosing the possible start codons, which were 
five different sites, each one was combined with AgrA-2 
under the control of P2 promoter. Therefore, five different 
bio-reporters were constructed and in order to find the 
correct one, several concentrations (500-0nM) of AIPII 
were applied to find the plasmid that contained the 
correct start codons. When the correct start codon was 
determined, EC50 was measured which equal 20.79nM. 
In fact, an old study (Mayville et al., 1999) presented 
unlike result which measured the EC50 that equal 3.6nM 
which is far smaller than the one achieved in this study. 
However, the low value of EC50 may because the way of 
AIPII synthesis which was treated manually by several 
chemical components which resulted in to mutations in 
lactone and lactam molecules. That resulted in more than 
95% purified peptides and this is may be the reason why 
it is more effective than the one used in this study. On the 
other hand, a newer study (Jarraud et al., 2000) 
confirmed that the EC50 was between 28 and 42nM for 
the same group but different strain called RN9372. In 
fact, two years later the same strain was studied again by 
the same group(27) and they found that the EC50 for the 
same peptide is 30nM, which is again different from the 
one in this study. This may due to the bacterial strain that 
was used as well as growth conditions. Instead of using 
ROJ48, another strain (RN9372) was prepared to hold 
the group-2 bio-reporter. Moreover, it has been 
mentioned that the structure of AIP contains two parts 
which are endocyclic and exocyclic (Tail) residues and in 
case of using AIP-II both of them are necessary. The 
formal one is involved in receptor binding, while the latter 
one is essential for receptor activation. 

In case of using AIPI and AIPIV, the receptor got 
activated first by using 200nM AIPII and then several 
concentrations (500nM-0nM) of AIPI and AIPIV were 
added to antagonise the activation. As AIPI and AIPIV 
differ from each other by a single amino acid, this gives a 
great chance to investigate how much a small change 
may affect the function. The values of IC50 were 
measured by using Prism2 program and it equalled 
275nM in terms of using AIPI, while there was no 
inhibition by using AIPIV and almost straight line was 
observed. In one study (Lyon et al., 2002), both of AIPI 
and AIPIV were considered as potent inhibitors. The IC50 
of AIPI was 25nM and the AIPIV was 4nM. That was 
unexpected comparing with the current project, but their 
results were obtained by using RN9372 strain which is 
different from the one used here (ROJ48). Moreover, 
another important reason was the concentration that was 
used to activate the cell which was 100nM, while in the 
current project 200nM was used which naturally needs 
higher percentage of inhibitors.  
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One of the most important peptides was used in this 
study that was the ala5 (AIPI) which was modified from 
the AIPI. One amino acid was changed with Ala amino 
acid which leads to be a potent inhibitor a against all agr 
groups (Wright et al., 2004). In the current study, several 
concentrations (500nM-0nM) were used to inhibit the 
activation (200nM) of the agrC-2. It is found out that the 
IC50 was 55.03nM and unfortunately there is no actual 
study that used the real Ala5 (AIPI) against group 2 
reporter. In fact, there are unpublished statistical values 
that written in a PowerPoint file which is supported by 
School of Pharmacy and The Centre for Biomolecular 
Sciences in the University of Nottingham (Chan, 2011). It 
showed that the IC50 is between 0 and 8nM which is 
difficult to be compared with the one used in this study, 
especially when there is no information about the strains 
that used and the concentrations that were used. With 
regard to using CpgAIP73, it was a significant idea to try 
a new AIP molecule that has not been used before which 
had contained cut tail and aromatic amino acid has been 
removed to the nitrogen. It presented very little inhibition 
and that may due to the low concentration that was used 
(100nM). It is recommended to use higher concentration 
for the next time, thus it will be possible to measure the 
IC50. 

In conclusion, although many antibiotics are being used 
and there are many which are under examination, there 
is high concerned from the emergence of new resistant 
methods which may complicate the process of controlling 
the spread of the pathogenic strain (Williams, 2002). 
Therefore, using quorum sensing in staphylococcus 
aureus as a target could provide a significant chance to 
create anti-staphylococcal agents that inhibit the 
activation of agr system. In this study, a bio-reporter of S. 
aureus group-2 was created and different concentrations 
of several AIPs were used. In fact, obtained values in this 
project were different some times and that because 
reasons addressed above. In the future, it would be 
useful to try a wider range of AIPs which may present 
more significant outcomes. 
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