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 Methicillin-resistant Staphylococcus aureus (MRSA) is the common cause 

of nosocomial infections and capable of evading the biocidal action of 

several antimicrobial agents. The objective of this study was for isolation 

and partial purification of capsular polysaccharide (CP5) from clinical 

MRSA isolates. This MRSA isolate (A.MS. isolate) can be further used to 

produce as a candidate immunogenic compound against S. aureus 

infection. The purification of CPs was carried out by suggesting a modified 

method depending on the combination of two previously described 

methods with some modifications. In the present study, given the limited 

output extracted, method was relied upon UV-Visible Spectrophotometer 

to detect the capsular polysaccharide (CP5) using a wavelength of 206 nm. 

The final concentration of S. aureus capsular polysaccharide 5 (CP5) was 6 

mg/L, which can be detected from A.MS isolate by UV- visible 

Spectrophotometer at 206 nm. The chemical composition of the crude 

extract of S. aureus capsular polysaccharide 5 (CP5) was also detected and 

the results found that the crude extract of S. aureus included nucleic acid 

and protein content in addition to capsular polysaccharide 5 (CP5) content. 

This study is the first record of isolation and purification of the S. aureus 

capsular polysaccharide (CP5) in Iraq. This MRSA isolate (A.MS. isolate) 

can be further used to produce as a candidate immunogenic compound 

against S. aureus infection in rats (as an animal model). 

 

 

 

   

 

This work is licensed under a Creative Commons Attribution Non-Commercial 4.0 

International License. 

 

 

1. INTRODUCTION 

Methicillin resistant S. aureus (MRSA) representative a major problem. MRSA infections have increased 

levels of mortality, hospital stay, septic shock and subsequent infections [1- 3]. Given its importance, the 

development of a vaccine and new antimicrobials to S. aureus is of high importance [4]. Both active and 

passive immunizations of S. aureus have been attempted, and all clinical trials have failed. These trials were 

based upon increased opsonophagocytic antibodies in animal models (mostly rodent) and in humans [5]. 

Approximately 94% to 100% of S. aureus contains capsular polysaccharides (CPs), and 85% of S. aureus 

CPs consists of CP5 and CP8. Capsular polysaccharides are O antigens, which are low in molecular weight 

and immunogenicity. Furthermore, when united with proteins/nucleoprotein proteins or lipopolysaccharides, 

CPs can induce the production of anti-polysaccharide antibodies, thereby significantly enhancing 
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immunogenicity [6]. Most purified capsular polysaccharides are poorly immunogenic in animals and humans. 

Neither CP5 nor CP8 elicit serum antibodies when injected into mice [7]. However, if purified 

polysaccharides are covalently coupled to protein carrier molecules, they gain both increased immunogenicity 

and T-cell-dependent properties. Polysaccharide-protein conjugate vaccines elicit high levels of 

polysaccharide-specific antibodies, and antibody levels rise following booster doses of the vaccine. Several 

laboratories have synthesized conjugate vaccines consisting of S. aureus CP5 and CP8 covalently linked to 

protein. These conjugates are highly immunogenic in mice and they induce antibodies that opsonize serotype 

5 and 8 S. aureus strains for phagocytosis [7]. 

 

The approach of targeting the capsular polysaccharides (CP) as vaccine candidates has been employed 

successfully against many bacterial pathogens, including S. pneumoniae, H. influenzae, and N. meningitides 

[8]. A polysaccharide capsule envelopes the surface of many bacterial pathogens and can confer resistance to 

phagocytic clearance by the host innate immune response, there by prolonging persistence of pathogen in the 

bloodstream of the host, However, the resistance can be overcome by the opsonophagocytic antibodies 

targeting the capsule [8]. Li and his colleagues reported that CP5 was formed by 3monosaccharides, namely, 

2-acetamide-2-deoxy-D-mannuronic acid, 2 acetamide-2-deoxy-L-trehalose, andacetamide-2-deoxy-

Dtrehalose, which all containing free carboxyl groups [6]. 

 

The aim of this study was for isolation and partial purification of capsular polysaccharide (CP5) from clinical 

isolates of S. aureus. 

 

2. MATERIALS AND METHODS 

The aim of this study was for isolation and partial purification of capsular polysaccharide (CP5) from clinical 

isolates of S. aureus. Out of 180 clinical samples, S. aureus isolates were detected by molecular method using 

specific primers for mecA gene and (CP5) gene of S. aureus [9]. Out of 5 clinical isolates of MRSA detected 

for capsular genotypes, capsular polysaccharides 5 (CP5) was detected in only one isolate (A.MS. isolate) as 

the first study in Iraq [9]. This CP5-producing MRSA isolate was used in this study for isolation and partial 

purification of capsular polysaccharide (CP5). This isolate can be further used to produce as a candidate 

immunogenic compound against S. aureus infection. S. aureus capsular polysaccharides 5 (description by 

Prof. Dr. Alaa J. Mahrath, University of Babylon) as follows:  

 

The 1st compound: 2-acetamide-2-deoxy-D-mannuronic acid, has the following chemical formula: 

C8H13NO7; Molecular weight: 235.07gm/mole, the chemical structure is: 

 

 
 

The 2nd compound: is :2-acetamide-2-deoxy-L-trehalose has also the following chemical formula: 

C14H25NO10; Molecular weight: 361 gm/mole, the chemical structure is: 
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The 3rd compound is the same structure and chemical formula and molecular weight of 2nd but it differ in the 

orientation in the space (stereoisomers) (D& L). 

 

2.1 Extraction and purification of CP5 

The purification of CPs from MRSA isolate (A.MS. isolate) was carried out by the methods described by [6], 

[10] with some modifications (as follows):  

 

1. Bacterial culture in Tryptic soy agar for overnight and Tryptic soy broth add (TSB) medium for 2 days at 

37° C. The culture was aerated with rotating and agitated. The culture medium optimal for capsule production 

and recovery was Tryptic soy broth modified by the addition of 5% NaCI. The medium was centrifuged and 

the bacterial cells were then suspended in PBS, followed by autoclaving at 121°C for 50 min and 

centrifugation at 5000g for 30 min. 

 

2. The supernatant was collected and a second autoclaving-centrifugation cycle of the cell mass after 

resuspension with PBS was performed under similar conditions. 

 

3. Two supernatants were combined, filtered through a 0.45 μm pore size membrane, and maintained 

overnight at 4°C. 

 

4. The supernatants were filtrated to approximately 125 ml. 

 

5. The following enzymes were added to the bacterial supernatants: of 2.5mg of DNase and 6.25 mg of RNase, 

and 10 mg of lysozyme After overnight incubation at 37°C, the enzymes were added again the following 

morning. Six hours later, 25 mg of proteinase was added to the bacterial suspension, and the mixture was 

incubated at 37° C overnight.  

 

6. The bacteria were removed by centrifugation at 10,000 x g and discarded. The supernatant was filtered 

through a 0.45-,um-pore-size membrane (Millipore) and precipitated with 30% ethanol (vol/vol) at 4° C 

overnight to partially remove the nucleic acids and proteins.  

 

7. The supernatant was brought to a concentration of 80% ethanol (vol/vol) and kept at 4°C overnight.  

 

8. After centrifugation at 6,000 x g for 30 min, the precipitate was dissolved in deionized water, and kept at 

4° C overnight.  

 

9. An ultrafiltrate of this sample was prepared by passing the sample through a Pellicon cassette system 

(Millipore Corp., Bedford, Mass.) with membranes with a cutoff of 10,000 daltons (dialyzed extensively at 

4°C). 
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10. The white, flocculent precipitate was suspended in approximately 100 ml of 0.05 M Tris buffer-1 mM 

MgCl2
-1 Mm CaCl2, pH 7.3. The solution was digested overnight at 37° C with 2 mg of DNase, 10 mg of 

RNase, and 10 mg of lysozyme (Sigma, USA). The enzymes were added again the following morning, 

followed by overnight digestion at 37°C with 10 mg of proteinase. 

 

11. The sample was centrifugation at 6,000 x g for 30 min, the precipitate was dissolved in deionized water. 

 

12. An ultrafiltrate of this sample was prepared by passing the sample through a Pellicon cassette system 

(Millipore Corp., Bedford, Mass.) with membranes with a cutoff of 10,000 daltons (dialyzed extensively at 

4°C). 

 

13. The crude capsular antigens was produced, lyophilized, and finally, the purified CPs was dialyzed against 

dH2O and lyophilized. Samples were stored at - 20° C until use. 

 

The final concentration of S. aureus capsular polysaccharide 5 (CP5) was detected from A.MS isolate by UV-

visible Specterophotometer using a wavelength of 206 nm. The chemical composition of the crude extract of 

S. aureus (CP5) was also estimated by UV-visible spectrophotometer. 

 

3. RESULTS AND DISCUSSION 

The purification of CPs was carried out by suggesting a modified method depending on the combination of 

two previously described methods by [6], [10] with some modifications. 

 

In the present study, for the extraction of the bacterial polysaccharides, the two mentioned methods were 

combined in one novel method. This situation can be explained for the following reasons: The difficulty of 

obtaining a single extraction method for polysaccharides, and the work took several months to reach to the 

most appropriate methods, beside, the difficulty of obtaining the materials and components needed to carry 

out the experiment, as most of them are prohibited from entering Iraq or for their high price. 

 

There are other difficulties encountered in the present study such as the difficulty in obtaining basic materials 

to complete the research in terms of cost and time, like the transporter protein CRM197, and the materials for 

the conjugate process of all kinds in addition to the inability to obtain anti-CP5 CRM 197 ELISA kits that are 

specially made for the purpose of completing the research requirements. 

 

The prohibition of the entry of standard bacterial isolates from the United States of America to Iraq, even 

after getting the agreement from a governmental medical institute within America. As well as the inability of 

suppliers inside Iraq to import several other materials related to the extraction process (for example: 0.05 M 

sodium metaperiodate -NalO4, ε-poly-L-lysine-agarose, etc.) make matters worse. 

 

[6] reported that thirty-six liters S. aureus cultures were subjected to high-pressure cracking, enzyme digestion 

and chemical removal, and membrane dialysis, which yielded a total polysaccharide amount of 348.64 mg. 

Glucose solutions at different concentrations were prepared in accordance with the phenol sulfuric acid 

method to generate a standard curve. Capsular polysaccharide dilution was also in accordance with the phenol 

sulfuric acid method, the net yield of CP5 in the present study was 6.34 mg/L. 

 

[10] reported that strain SAl mucoid was grown for 24 h at 37°C in a 20-liter fermentor (LSL Biolafitte, Inc., 

Princeton, N.J.), equipped with a pH titrator set to maintain pH 7.2 and the capsular antigen (-500 mg) was 

chromatographed over a column (2.6 by 30 cm) of CM-Sepharose (Pharmacia), equilibrated with 0.01 M 

https://www.teikyomedicaljournal.com/


   ISSN: 03875547 

Volume 44, Issue 06, December, 2021 

  

3905 
 

citrate buffer, pH 5.5, containing 0.01% merthiolate. The column eluate was monitored at 206 nm, as 

described above. 

 

According to our knowledge, this study is the first record of isolation and purification of the S. aureus capsular 

polysaccharide (CP5) in Iraq and this MRSA isolate (A.MS. isolate) can be further used to produce as a 

candidate immunogenic compound against S. aureus infection in rats (as animal model). 

 

In the present study, given the limited output extracted, method was relied upon UV-Visible 

Spectrophotometer to detect the capsular polysaccharide (CP5) using a wavelength of 206 nm (Figure 1). The 

final concentration of S. aureus capsular polysaccharide 5 (CP5) was 6 mg/L, can be detected from A.MS 

isolate by UV- visible Spectrophotometer at 206 nm. The chemical composition of the crude extract of S. 

aureus capsular polysaccharide 5 (CP5) was also detected and the results found that the crude extract of S. 

aureus included nucleic acid and protein content in addition to capsular polysaccharide 5 (CP5) content (Table 

1). 

 

 
Figure 1: S. aureus capsular polysaccharide (CP5) detected by U.V visible spectrophotometer at 206 nm. 

 

Table (1): Chemical composition of the crude extract of S. aureus capsular polysaccharide 5 (CP5) from 

A.MS isolate by UV- visible spectrophotometer 

The crude extract of S. 

aureus capsular 

polysaccharide 5 (CP5) 

Optical density 

wave length (n.m) 

 

  Absorption /ml 

Nucleic acid content 

 
260 0.018 

Protein content 

 
280 0.017 

capsular polysaccharide 5 (CP5) 

content 
206 0.279 

 

4. CONCLUSION 

Since there are few studies in the world of isolation of capsular polysaccharide (CP5) from S. aureus, 

according to our knowledge, this study is the first record of isolation and purification of the S. aureus capsular 

polysaccharide (CP5) in Iraq. This MRSA isolate (A.MS. isolate) can be further used to produce as a 

candidate immunogenic compound against S. aureus infection in rats (as animal model). 
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