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Quorum Sensing in Streptococcus pyogenes
and Their Role in Establishment of Disease

Parul Sahu and Pallaval Veera Bramhachari

Abstract The social behaviour of bacteria for the fulfilment of different physiolog-
ical activities is defined as Quorum Sensing (QS). This ranges from conjugation,
symbiosis, virulence, antibiotic production, sporulation and biofilm formation.
Streptococcus pyogenes which is also named as group A streptococcus (GAS) is a
Gram-positive bacteria, is reported to cause diseases strictly in human. The different
QS mechanisms in GAS (group A streptococcus) reported till date include Rgg-
SHP quorum sensing pathway, SilC (streptococcal invasion locus) quorum-sensing
pathway, Lantibiotic regulatory systems, LuxS and AI-2. The proteins of Rgg fam-
ily are conserved transcription factors, which is modulated by short peptides, thus
involve in the biofilm formation and virulence of bacteria. The SilC mechanism
involved in the invasive tissue disease and also in the biofilm formation, Lantibiotic
regulatory systems aids bacteria in adopting different immune evasion strategies
and thus allow them to persist in the harsh hostile environment. Lastly, LuxS and
AI-2 are the common mechanisms in all the different bacterial species including
streptococcus for the virulence, motility and bio-film formation. The current chapter
focuses on the detail mechanism of all the four different pathways along with the
role of Quorum Sensing for the establishment of disease in the host, the immune
evasion strategies of bacteria using Quorum sensing (QS) and future clinical per-
spective with possible applications. This may help to increase our vision towards
putative vaccine targets by exploiting the mechanisms involved in Quorum Sensing.
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Introduction

Group A Streptococcus pyogenes (GAS) are gram positive, non motile bacteria. It
resides mainly in oropharynx [1]. GAS is clinically important bacteria. GAS is
responsible for various human infections within the range from benign to life threat-
ening. It causes infections like pyoderma (skin infections), tonsillitis, pharyngitis
(strep throat), impetigo, streptococcal toxic shock syndrome (STSS), scarlet fever,
endocarditis and necrotizing fasciitis [2]. GAS is a very clever micro-organism, it
has the potential of host immune modulation and evasion [3]. There has been vari-
ous post immune sequelae has been reported. The GAS classified as “nephroto-
genic” is responsible for the cause of Acute poststreptococcal glomerulonephritis
(APSGN). It is described as disorder arises due to deposition of immune complexes,
which affects the kidney. The average death cases reported in a year is approxi-
mately 5000 and 47,000 APSGN patient has been estimated [4]. The another class
of post infection upshot is the repeated episodes of GAS causes post-inflectional
sequel coined as Rheumatic heart disease (RHD). The anticipated global burden of
disease caused by GAS is 18 million cases per year and near about 517,000 deaths
[5]. Perhaps, the bacteria are very sensitive to penicillin [6]. In many cases, the
diagnosis of disease becomes too late which results in severe pathological condi-
tions. These squeal of disease is not handled by simple penicillin thus, resultant of
infections may not be manageable in few cases. Thus, understanding the mechanism
involved in bacterial infections is of great importance.

Box 1: Clinical Symptoms and Signs of Various Diseases Caused by
Group A Streptococcus (GAS)

Clinical signs
S.No. | Disease Type and symptoms | Associated M types References

1. Impetigo Superficial | Skin pustules | 33,41,42,52,53,70 [7]
that mature
into honey
colored scabs

2. Scarlet fever Superficial | Deep red [8]
rashes on skin,
strawberry
tongue,
Pharyngitis

3. Pharyngitis Superficial | Sore throat and| 1,3,5,6,12,14,17,19,24 | [2, 9, 10]
fever

(continued)
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Box 1 (continued)

S.No. Disease Type

4. Acute rheumatic | Sequelae
fever

5. Rheumatic heart Sequelae
disease

6. Acute Sequelae
poststreptococcal
glomerulonephritis

7. Bacteremia Invasive

8. Puerperal sepsis Invasive

9. Cellulitis Invasive

10. | Necrotizing Invasive
fasciitis

11. | Streptococcal toxic | Invasive

shock syndrome

Clinical signs

and symptoms | Associated M types
Carditis, 1,3,5.6,11,12,14,17,18,
polyarthritis, 19,24,27,29,30,32,41
syndehman

chorea (jerky

movements),

subcutaneous

nodules

1,3,5,6,11,12,14,17,18,
19,24,27,29,30,32,41

Mitral valve
and aortic
valve get
affected,
regurtation and
stenosis occur.
Difficulty in
breathing
Complement | 1,4,12,49,55,57,60
deficiency,

immune

complex

deposition,

urinary

sedimentation,

hypertension

and edema

High fever,

vomiting and

nausea

Abdominal 28

pain in
pregnancy,
fever and chills
Tender and
swollen part of
skin

Tissue 1,3,28
destruction,

vomiting, skin

lesions, fever

High fever and | 1,3
multi-organ

failure
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Epidemology, Mechanism and Mode of Infection

The GAS isolates has been distinguished on the basis of emm protein. The emm
typing is done from the 5’ region of the gene encoding the emm protein. This region
is variable among all isolates, so far there are 200 types of strains has been identified
[24, 25]. The GAS colonize in the throat on the epithelial surface, but sometimes
also resides in the vaginal and anal linings. It has been reported that GAS resides on
the epithelial surface but also able to breach the lining and propagate insides the
organs [26, 27]. The GAS is spread through skin to skin infection and saliva, it
become prevalent in overcrowding areas and has been observed more in school
children and aboriginal population [2]. GAS has the capability to perform antigenic
mimicry which help them to sustain its growth and maintain its virulence against the
immune system of host. Various strategies has been reported in case of GAS immune
evasion. It has been reported that cytoslin streptolysin (SLO) which is defined as the
pore forming bacterial protein inhibit the fusion of lyosome during the phagocytosis
event and thus escape from the harsh acidic mileu [28]. The SLO protein has also
induces the death the cell death while residing inside the macrophages and neutro-
phils [29].

Biofilms Formation and Quorum Sensing

Apart from targeting the host immune cells, this bacteria also modulate its own gene
expression inorder to survive in the harsh hostile environment and prevail the infec-
tions in the host. Biofilms formation has been reported as one of the pathogen mod-
ulatory exercise in Streptococcus pyogenes (GAS) [30]. Biofilms are the enveloped
structures consist of sessile bacteria enclosed in a matrix of polymeric substance.
Biofilms are formed by bacteria using the well defined phenomena which are stated
as Quorum sensing (QS) [31, 32]. QS Is used by bacteria for fulfilling their various
activities which includes the collective traits such as virulence, biofilm formation,
swarming, conjugation. QS is reported in gram positive and gram negative bacteria
both, for the persistent of infection and evasion of immune responses of host.
Socialization among bacteria includes biosynthesis, secretion and detection of
ligand named as auto inducers. Production of these chemical substances in enor-
mous amount triggers the cascade of QS, results in the altered gene expression. The
auto-inducers in gram positive and gram negative bacteria behaves differently. In
gram-negative bacteria N-acyl homoserine lactones derivatives act as auto inducers
which diffuse freely to and fro from the cells and directly interact with intracellular
regulatory proteins. In gram positive bacteria, the pro-peptides are formed which
processed and form ligand which binds with the receptors like as the membrane
bound sensor which have the histidine protein kinase activity (refer to Box no. 2)
[33]. Quorum sensing in Streptococcus pyogenes has been classified under four
system.
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Box 2 Steps of quorum sensing in gram positive bacteria

1. Rgg-SHP quorum sensing pathway: Rgg are the class of regulatory proteins
which are poorly studied in case of gram positive bacteria. After the name of
Regulator gene of glucosyl-transferase in Streptococcus gornodii, the RGG
termed was coined. In Streptococcus pyogenes paralogs of Rgg has been identi-
fied, such as RopB (Rgg) (spy49_1691), Rgg2 (spy49_0415), Rgg3
(spy49_0449c) and ComR (Rgg4) (spy49_0032). Rgg2 and Rgg3 are located in
opposite directions to each other in the close proximity of SHPs genes (Short
hydrophobic genes). Study was done in the Rgg2 and Rgg3 mutant strains, and
its role in the quorum sensing has been demonstrated. It has been shown that the
Rgg2 with Rgg3 are involved in the biofilm formation and also in the positive
feedback mechanism by expressing the SHPs genes. [34]

RopB: RopB is a dimeric protein primarily engaged in the positive and nega-
tive regulation of most of the genes. SpeB i.e. Streptococcal pyrogenic exotoxin
are the proteins involved in extracellular matrix formation, role of SpeB in the
virulence has been reported [35]. RopB belongs to the member of Rgg family
and curbs the expression of n numbers of genes, out of them SpeB has been
reported as the most studied one. Studies reveal that RopB dependent SpeB
expression is regulated with the density of GAS and the peptides releases by the
bacteria regulates the virulence activity.

Rgg2 (spy49_0415) and Rgg3 (spy49_0449c): Biofilm formation and lyso-
zyme resistance are the main functions of these proteins. These are cytoplasmic
in nature and formed for the pro-peptides forms such as SHPs. The exportation
of SHPs is done by a transporter named as PptAB. The ABC transporter PptAB
is conserved among all firmicutes but their cognate substrate and functions
among different species is remain uncleared. Recently in 2016, study was done
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by creating PptAB mutant GAS, and it has shown that this specific ABC trans-
porter is important for the SHPs protein translocation [36]. Biofilm synthesis by
Rgg 2/3 sensing pathway in GAS has been reported.

To understand the mechanism involve in biofilm formation, processed phero-
mones from bacterial supernatant were isolated, bioluminescent reporters were
tagged and mass spectrometry were used to detect and characterize it. SHPs of
different length were detected and there synthetic peptides has been used to vali-
date the biofilm growth assay. Rgg SHP interactions are validated by using fluo-
rescence polarization assay [37]. Thus, Rgg2/3 serve as a cytoplasmic receptor
for SHPs and PptAB act as transporter for such proteins which involve in biofilm
growth and virulence in Streptococcus pyogenes (GAS) [36].

ComR (Rgg4) (spy49_0032): ComR is the another class of Rgg member
involved in the horizontal gene transfer. Competence is the state where the bare
DNA is uptake from the outer environment. The uptake of the foreign sequence
is regulated by the series of genes and the expression of these genes is master
regulated by the cascade of molecules. In streptococcus species the master regu-
lator defined as SigX has been identified. But not all class of streptococcus is
naturally competent. In GAS, the type I ComRS quorum sensing has been iden-
tified and the novel pheromone which regulates this pathway has been identified.
The stability of SigX has been identified and the another class of protein called
cytoplasm protease (CIpP) regulates its stability. Figure 1 explains the proposed
model for competence gene regulation in GAS. It was hypothesized on the basis
of previous findings in S.mutans that the expression of sigX is regulated by
ComRS. The secretion of ComS is done by bacterial cell, its further processing
and maturation is done by an unknown process which forms a sigX-inducing
peptide (XIP).The released XIP in the extracellular environment get imported
with the Opp transporter. Inside the cytosol XIP binds with ComR, thus results
in the dimer. This dimer binds with the P1 promoter of which is upstream of
comS and sigX, thus activates there expression. The accumulation of SigX is

Fig. 1 The proposed processing
mechanism of ComR in -
streptococcus pyogenes. / ~
XIP
(Source: Mashburn-Warren ~
et al. 2012) F§q
J

Opp) ?
NG
| >
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depend upon the CIpP protease. SigX and RNA polymerase together bind with
promoter region named as CIN box which activates the transcription of late com-
petence genes. While this study explains the presence of competence genes in
GAS, and these genes express on the density depended manner. It gives us the
clear report of ComR rgg regulator in Streptococcus pyogenes but still the in vitro
transfer of DNA in GAS is not possible. Using radio labelled DNA it has been
demonstrated that the transformation is blocked at particular stage. [38]

2. SilC (streptococcal invasion locus) quorum-sensing pathway:

The Sil system is the first Quorum sensing network explained in Streptococcus
pyogenes. The Sil is a locus which gets activated by the pheromones defined as
SilCR. The overall cascade is run through the two- component system termed as
SilA-SilB. In vivo virulence genes were identified in the GAS with the help of
polymorphic-tag-lengths transposon-mutagenesis (PTTM).The transposon is
inserted in the locus termed as Sil locus, which results in low virulence in mice
model. The movement of the strain from skin to spleen is also get attenuated. The
Sil consist of five genes named as Sil A-E. The two component system is encoded
by silA and silB, while the ABC transporters are encoded by silD and silE. There
is an ORF next to combox promoter which is called as silC [39]. The DNA pro-
moter region required for the activation of SilA pathway has been characterized.
It is consist of two direct repeats of 10 bp with 11 bp of spacer. With wide array
of bioinformatic analysis, 13 bacteriocin genes were identified that are under the
regulation of SilA. Using the GFP accumulation, the SilCR signalling has
become more clear. Using a little amount of synthetic SilCR, the autoinduction
in GAS demonstrated the ability of naturally producing SilCR [40]. The overall
study suggest the role of Sil in colonization and virulence.

3. Lantibiotic regulatory systems: During the establishment of infection, coloni-
zation and niche formation, bacteria meet to high nutrition demand and competi-
tion. To minimize this competition, bacteria have evolved with various strategies
which help them to successfully establish the infection without the interference
of host immune system. Thus, the Lantibiotic system helps bacteria to adopt
various immune strategies and successfully survive in harsh hostile environment.
The bacteria synthesize bacteriocins, which is defined antimicrobial peptides
(AMP) which kill the bacteria of same or different species. These AMP kills its
neighbouring bacteria with different modes such as pore formation, cell wall
synthesis inhibitors. Lantibiotics are the class I bacteriocin identified in
Streptococcus pyogenes and also in some other class such as staphylococcus.
Lantiobiotics are synthesized in unprocessed form define as with the leader
sequence located in the N terminal while the C terminal is involved in post trans-
lational modifications. The enzymatic chain of reactions i.e. the dehydration of
serine/threonine in the C terminal region leads to the formation of
2,3-dehydroalanine (Dha) and 2,3-dehydrobutyrine (Dhb). The further addition
of thiol group from the nearby cysteine group results in the formation lanthio-
nine and methyllanthionine respectively. These specialized stable thioether rings
are important for biological activities. The recognition of substrate is done by
leader peptide [41]. The another class of bacteriocin define as classIIb has been



344 P. Sahu and Pallaval Veera Bramhachari

identified in M18 S. pyogenes strain, the promoter region upstream to class II b
has been identified using recombinase-based in vivo expression technology
(RIVET) system, the activity of the promoter has been studied in mouse. It has
been shown that the peptides named as SpbM and SpbN, both are essential for
antimicrobial activity. It has been also shown that the S.pyogenes immunity
genes are encoded downstream of spbN [42]. It has been reported that S.pyogenes
has evade immune response by hiding inside the macrophages, SalY which is
homologous to lac-operon of lantibiotic has been identified in S.pyogenes and its
mutant study has revealed that the SalY is crucial for bacteria survival inside
macrophages [43]. While lantibiotic act as a AMP for their neighbouring micro-
organisms, it also has proven for adopting immune evasion strategies such as
dwelling inside the macrophages (as discussed above). The lantibiotic as
described is the crucial system for niche establishment is also the type of quorum
sensing mechanism, where the production of lantibiotics occurred through den-
sity depended manner. The auto-regulator are the lantibiotics with the promoter
region responsible for the synthesis of peptides [44]. The overall setup is arranged
in the operon. The production of lantibiotic occurs in propeptide form which
further processed and transported out of the cell. The mature lantibiotic is also
sensed by the two regulatory system (TCS), thus the production of lantibiotic is
sensed and regulated. In one of the study in S.pyogenes SF370, role of TCS in
case of quorum sensing has been established. Since SF370 is a strain which lacks
bacteriocin synthesis was co-cultured with nisin A and demonstrated SrtRK TCS
(of SF370 strain) is susceptible to ex-bacteriocin, thus regulating the ABC trans-
porter SrtFEG. It has been also demonstrated that TCS is also crucial for the
S.pyogenes when cultured with nisin A-forming Lactococcus lactis [45]. Streptin
and streptococin are the other two classes of lantibiotics studied in case of GAS
[46].

4. LuxS and AI-2:- The autoinducer -2 (AI-2) was first reported in gram negative
bacteria called Vibrio harveyi and later it has been identified its involvement in
QS depended mechanism for the production of luciferase activity. LuxS is an
enzyme identified for the production of AI-2. The LuxS enzyme has been identi-
fied in both gram negative and gram positive bacteria. As LuxS is the key com-
ponent of this system which diverts the interest for the identification of lux/Al in
gram positive bacteria. The mechanism involved in this type of QS is widely
differing as explained in the former types of QS. This type of communication
skill of bacteria is not peptide depended. The AI-2 synthesis pathway is adjunct
with a metabolic pathway coined as activated methyl cycle (AMC). This AMC
pathway main focus is to utilize the S-adenosylmethionine (SAM) and decom-
pose its toxic by-products. SAM is an important provider of methyl groups
required for the processing of building blocks such as DNA, RNA, protein and
other biological activities of an organism. During the course of such events the
toxic in between product like S-adenosylhomocysteine (SAH) is formed, which
further degraded by the nucleosides to form S-rybosylhomocysteine (SRH) and
adenine. The break-down of SRH to homocysteine and 4,5-dihydroxy
2,3-pentanedione (DPD) is carried out by LuxS. Pro-AI-2 molecules are formed
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by the spontaneous cyclization of DPD which further reacted with borate leads
to the signal identified by Vibrios [47]. LuxS and AI-2 role in causing virulence,
biofilm formation has been studied in various bacteria. To examine the role of
LuxS in S.pyogenes biological activities, a LuxS mutant was designed of an M3
serotype. Functional characterization of the mutant explained its internalization
by HEp-2 cells with greater efficiency as compare to the wild type strain.
Expression of genes such as speB (streptococcal pyrogenic exotoxin B), hasA
(hyaluronic acid synthesis) which are known to involve in the internalization of
SP268 strain were checked in case of wild type and mutant strain. There was
increase in mutation of emm3 and reduced level of expression in case of speB in
mutant strain. Previously, it was considered that SpeB and M3 proteins are
involve in internalization by epithelial and endothelial cells. Later, it was cleared
that only M3 helps in internalization while the SpeB protein impede the GAS
uptake. Thus, the work which was performed in LuxS mutant strain gives the
more light on the LuxS/AI-2 pathway and its importance on GAS internalization
mechanism [48]. In another study conducted on M1 and MI19 strain of
Streptococcus pyogenes explains the involvement of the luxS/AI-2 pathway in
the metabolism and adaptation of the bacteria in tough host environment. It has
been reported that the expression of LuxS and AI-2 get reduced at low pH and
thus explains its adaptation capability under stress condition. In order to mimick-
ing the host environment S.pyogenes were grown in RPMI with 10% serum and
decreased level of both the genes were observed. It has been also observed that
LuxS mutant S.pyogenes strain can be successfully enters and survive inside
epithelial cells and macrophages [40]. Thus, suggesting that this QS type helps
bacteria to communicate in such a way which results the organism to sustain its
life within its targets. Its aid in internalizing, releasing proteins for adopting dif-
ferent immune evasion strategies.

Conclusion and Perspective

The Streptococcus pyogenes is responsible to cause many types of disease in human.
Understanding the pattern of bacterial survival and retention inside the host is
essential. Like other bacterial species, it has been seen that the S.pyogenes is also a
social micro-organism which sustain its life inside biofilms and colonize in its host
[1]. The wide clear picture of QS in S.pyogenes is portraited by Sil system which
explains the role of QS in virulence and colonization. There are other type of QS
circuits that has been explained in S.pyogenes called as type II ComRS quorum
sensing which involved in control of DNA transfer. Lantibiotic, a class of bacterio-
cin has also been identified in this species which shows the antimicrobial activities
and form the AMP such as Streptin and streptococin. Its role for insulting the host
immune system attack was explained. LuxS/AI-2 pathway an another class of QS
and its importance during the course of internalization and establishment of the
infection has been clearly explained. Though, the work related to QS system in
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S.pyogenes has been established, the information in this area is very little for clini-
cal applications. The clear pathogenesis of this bacteria and its QS system is needed
to be explored more. From the past research evidences, it has been clear that QS
involves in the establishment of infection such as biofilm formation, colonization
and adhesion. It has also been clear that this bacteria adopt various immune evasion
strategies such as hiding inside macrophages by exploiting the QS system [40, 43].
It is apparent that this species as similar to other bacteria perform their various bio-
logical activities by using QS. To understand the molecular pathways and there
component may help to target and block there growth. The term which is well
defined this phenomena is “Quorum quenching”. Blocking of QS can be done by
using enzymatic degradation of pathways components, using of inhibitors against
signal molecules [49]. Thus, Quorum quenching would be the next possible thera-
peutic clinical step for clearing out the infection. In desire of finding out the thera-
peutic targets, the QS system in this species is need to be explored with greater
extent as it may be the future promising treatment directions.
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