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ABSTRACT

This study was designed to identify the predominant serotypes of group A streptococci (GAS) responsible for fatal wound 

infection. The wound infection swabs were screened for the pathogens that play a main role in the infection. The microbial flora 
that are present in the wound swab comprised of several facultative anaerobe, Gram Negative and Gram Postive bacteria. 

Of those species, S.pyogenes were identified to contribute more than any other bacteria. The Streptococcal cell contains the 
surface protein that serves as the majotr contributor for the pathogenesis. Hence the surface protein, M protein was extracted 

and purified to trigger the immune response in mice in a controlled release technique. This was done by limited pepsin 
digestion and purification by ion-exchange chromatography on DEAE-Sephadex, followed by gel filtration. Purified M protein 
was found to be homologous on SDS-PAGE with the molecular weight of 28 KDa.
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Introduction
Group A streptococci (GAS) cause a variety of superficial 
infections, such as impetigo, invasive diseases, including 
bacteremia, necrotizing fasciitis, and myositis (Fiona et al, 
2004). The Group A Streptococcus carries the terms “pyo-,” 
pus. “-gen-,” forming. It is known as flesh eating microorgan-
ism which causes severe wound infections in many cases. 
The specific type of disease is known as “Necrotizing fasciitis” 
(Stevans, 2000). Once the bacteria enters the skin through a 
small niche, the infection spreads rapidly inside the flesh at a 
rate as rapid as one inch per hour.

Materials and Methods
Collection of Isolates
One-hundred samples along with negative controls were 
taken for the study. The isolates were studied by standard 
procedures (Rotta et al, 1971).

Diabetic wound infection isolates were procured from the 
Institute of Microbiology, Madras Medical College, Chennai. 
Specimens were obtained either by swabbing from deep ar-
eas of primary lesions or by needle aspiration. The swab 
was placed into anaerobic transport medium and was gener-
ally inoculated within 2 h after collection. Needle aspiration 
was performed with an 18- or 20-gauge needle attached to 
a 5- or 10-ml syringe. The syringe was immediately sealed 
and was generally transported to the laboratory within 30 
min of specimen collection.

Sheep blood, chocolate, and MacConkey agar plates were 
inoculated for the isolation of aerobic organisms. The plates 
were incubated at 37°C aerobically (MacConkey agar) and 
under 5% carbon-di-oxide (blood and chocolate agars) and 
were examined at 24 and 48 h. For the isolation of anaer-
obes, specimens were plated onto prereduced vitamin K1-
enriched brucella blood agar, anaerobic blood agar plates 
containing kanamycin and vancomycin, and anaerobic 
blood plates containing colistin and nalidixic acid and were 
then inoculated into enriched thioglycolate broth. The plated 

media were incubated in GasPak jars and were examined at 
48, 96, and The isolates were cultured on to a basal medium 
and subsequently the biochemical tests were carried out to 
identify the potential inhabitants. 

Processing of the samples
Microbiological analysis was performed by swab wound 
culture. According to results of microbiological cultures, a 
significant percentage of cases have been polymicrobial. 
The most common isolated gram-positive organisms were 
Streptococci and Staphylococcus. The most common iso-
lated gram-negative organisms were Escherichia coli along 
with other microorganisms. 

Isolation of Streptococcal antigenic Protein
Crude M protein was extracted by limited pepsin digestion 
(Manjula et al, 1980). Cells were resuspended in 67mM PB, 
pH 5.8The cell suspension was warmed at 37°C and pep-
sin was added to a concentration of 1 mg/lO g of bacteria 
and incubated for 45 min at 37”C, with slow stirring. At the 
end of the process of digestion, the flask was transferred 
to an ice bath and solid sodium bicarbonate was added to 
raise the pH to c. 7.4. The bacteria were sedimented by 
centrifugation at 10 000 rpm for 20 min. Supernate was 
sterilized through a 0.2 pm filter (Millipore) and concen-
trated to c. one-fifth of its original volume by pressure filtra-
tion with a UM 10 membrane. Concentrated protein was 
dialysed against 50 mM ammonium bicarbonate buffer and 
lyophilised. The sediment is then filtered using Millipore fil-
tration.

Purification of M protein
Crude M protein was purified by DEAE Sephadex A-25 ion-
exchange chromatography. Lyophilized crude M protein was 
dissolved in 10 mM PB, pH 8.0, loaded on a DEAE-Sephadex 
A-25 column (0.9 x 26 cm) and equilibrated with the same 
buffer. The protein was first eluted with the eluting buffer and 
then with a NaCl gradient 100 mM, 200 mM up to 1 M in 10 
mM PB.
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SDS-PAGE
Peak fractions of ion-exchange chromatography were 
checked on polyacrylamide gel 12% in the presence of SDS 
0.1% with a Tris glycine buffer system (Maizel, 1971). Protein 
standards (14-66 kDa, Sigma) were run to enable estimation 
of the mol.wt.

Immunogens in Delivery systems
Biodegradable microspheres of poly lactide co glycolide 
(PLGA, 50: 50) were tested for their efficacy as slow release 
microparticle with different proteins in generating high titer 
and long lasting antibodies. These are polymers of lactic 
acid and glycolic acid and excreted during normal metabolic 
pathways. The microspheres product is a free-flowing pow-
der of spherical particles which can be produced in a size 
range from <1 mm to as large as 3 mm in diameter. They 
exhibit adequate immunostimulating properties for weakly im-
munogenic (synthetic) antigen and mimic booster doses after 
single dose administration thereby serving as single shot vac-
cine delivery vehicle. 

Preparation of Microspheres for encapsulation
Microspheres entrapped with the protein were prepared using 
PLGA (50:50) by double solvent evaporation method (W1/O/
W2 method) described by Jeffery et al., 1991. 

Protein entrapped in PLGA is used as a microsphere that 
serves as a protein delivery vehicle.

Controlled release of the Delivery systems
Female outbred mice of age group 6-8 weeks were procured 
from King’s Inventive Medicine Institute, Chennai. All experi-
mental groups consisted of six animals. All the animals were 
provided food and water ad libitum. All experiments were con-
ducted in accordance with the guidelines of CPCSEA (for the 
care and use of laboratory animals), New Delhi. 

The Intramuscular route of immunization was followed for our 
study. For intramuscular immunization, 50µl of microsphere 
containing protein in PBS was injected on the thigh region 
with a primary dose of 50µg on day 0 followed by a booster 
of 50µg on day 45. Booster was given on day 45 with micro-
sphere containing 50µg of protein. 

The blood samples were collected from the mice through 
venous puncture. The samples were allowed to stand for an 
hour at room temperature and another hour at 4º C; it was 
centrifuged at 10,000 rpm for 10 minutes. The prepared se-
rum was stored in 0.5 ml polypropylene microcentrifuge tubes 
at -20º C until use. 

Enzyme Linked Immunosorbent Assay (ELISA)
96 well microtitre plate was coated with 100ng/well of protein 
(l00ml/well) in coating buffer (0.05M, pH 9.6) and kept over-
night at 4°C. Nonspecific binding sites were blocked with 5% 
milk powder for 2 hours at 37°C. After washing thrice with PBS 
containing 0.05% Tween 20 (PBS-T), test samples (l:100 dilu-
tion for serum IgG ) 100μl/well were added and incubated for 2 
hours at 37°C. All the samples were taken in duplicates. After 
incubation, the plates were washed thrice with PBS-Tween and 
peroxidase conjugated goat-anti mouse IgA (Sigma; 1:1000 for 
lavages and sera), goat anti-mouse IgG (l:l000 dilution for sera) 
was added and incubated at 37°C for 1hour. The color was 
developed using OPD as chromogen and H2O2 as substrate 
in citrate buffer (pH 5.0). The reaction was finally stopped using 
8N H2SO4 and absorbance read at 492 nm. The absorbance 
of control wells were subtracted from the test reading and ex-
pressed as Mean + S.D and estimated.

RESULT
The swab of the wound infection was anlalysed and the 
bacteria which is prevalent in the sample was isolated and 
characterized by the basic biochemical tests and cultural 
techniques. The microbial flora was identified as Streptococ-
cus pyogenes, Staphylococcus aureus, Pseudomonas sp, 
Proteus, etc.. 

Fig 1: Potential inhabitants of the wound infection sam-
ple
Peak fractions of protein were checked by SDS-PAGE along 
with the standard mol.wt markers, to estimate the mol.wt of 
proteins in peaks eluted with 200 mM NaCl in 10 mM PB that 
showed immunoreactivity. One peak was found to be homo-
geneous on SDS-PAGE, with a mol.wt 28kDa while a second 
peak showed a major band at 28kDa and minor low mol.wt 
bands. Other peaks showed multiple bands in the range 15-
26 kDa.

Fig. 2: SDS PAGE- Pure Anti-M Protein

Fig 3: ELISA
DISCUSSION
The wound infections are more common in the post surgery 
cases, diabetic patients which range from mild to severe in 
the intensity. In such cases the wounds are more suscepti-
ble for the invasion of the microorganism as it provides the 
necessary growth atmosphere. The delayed wound healing 
is the major challenge for these cases. These cases in the 
worst forms are known as Necrotising Fascitis. This means 
the flesh eating disease. This has the highest morbidity and 
mortality in the current scenario. This is more common in the 
patient with diabetes.

Several microorganisms are involved in these infections like 
Staphylococcus aureus, Streptococcus pyogenes, Pseu-
domonas sp., Proteus sp, Bacillus subtilis, Clostridium, etc. 
From those wound isolates, the most prominent species were 
identified as Streptococcus sp. Streptococcus sp were identi-
fied as spherical, Gram-Positive bacterium typically produce 
large zones of beta-hemolysis on blood agar plates. They are 
Catalase-negative. When it is compared with the MTCC strain 
of S.pyogenes procured from the Institute of Microbial Tech-
nology (IMTECH), Chandigarh.
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The strain is then cultured and purified to isolate the surface 
protein known as M protein by the standard techniques like 
affinity and ion exchange methods. The M protein is the major 
virulence factor for the bacteria that acts as a barrier to the 
host immune system which tries to engulf the antigen (Vohra 
et al, 2005).

The M-protein is released into the mice in a controlled manner 
with repeated boosters. The serum can be collected from the 
mice and purified for vaccine development as it has the strong 
virulent factors.

REFERENCES

1. Beachey, E.H., Seyer, J.M., Dale, J.B., Simpson, W.A., Kang, A.H. (1981). Type-specific protective immunity evoked by synthetic peptide of S.pyogenes M-protein. 
Nature 292: 457-459. | 2. Beachey, E.H., Seyer, J.M., Kang, A.H.(1980). Primary structure of protective antigens of type 24 streptococcal M-protein. J Biol Chem., 255: 
6284-6289. | 3. Bisno, A.L.(1991). Group A Streptococcal Infections and Acute Rheumatic Fever. N Engl J Med., 325:783-793. | 4. Bisno, A.L., Berrios, X., Quesney, F., 
Manroe, D.M., Dale, J.B., Beachey, E.H. (1982). Type-specific antibodies to structurally defined fragments of streptococcal M-proteins in patients with acute rheumatic 
fever. Infect Immun., 38: 573-579. | 5. Bisno, A.L., Pearce, I.A., Stollerman, G.H. (1977). Streptococcal infections that fail to cause recurrence of rheumatic fever. J Infect 
Dis, 136: 278-285. | 6. Bisno, A.L., Pearce, I.A., Wall, H.P., Moody, M.D., Stollerman, G.H. (1970). Contrasting epidemiology of acute rheumatic fever and acute glomeru-
loneophritis. Nature of the antecedent streptococcal infection. N Engl J Med., 283: 561-565. | 7. Bisno, A.L.(1980). The concept of rheumatogenic and nonrheumatogenic 
Group A Streptococci. In: Read S E, Zabriskie ZB (eds) Streptococcal diseases and the immune response. New York, Academic Press. 789-803. | 8. Bloomfield A.L., 
Rantz, L.A. (1943). An outbreak of streptococcal sore throat in an army camp: clinical and epidemiological observations. JAMA, 121: 315-319. | 9. Cunningham, M.W., 
Beachey, E.H. (1974). Peptic digestion of streptococcal M protein. Effect of digestion at suboptimal pH upon the biological and immunochemical properties of purified M 
protein extracts. Infect Immun., 9: 244-248. | 10. Committee on Rheumatic fever and Bacterial Endocarditis, American Heart Association. Report Prevention of rheumatic 
fever (1977). Circulation Suppl, 55: S1-S4.


