
• The biochemical properties of the S. iniae enzymes SpnAi and S5nAi  
  are very similar to those reported for S. pyogenes SpnA and S5nA,     
  respectively. 
• Together with similar protein lengths, domain structures and amino     
  acid similarities, it is highly likely that these proteins are true             
  orthologues. 

• The results of this study provide a strong  
  rationale for using S. iniae  in a zebrafish  
  infection model to further evaluate the      
  in-vivo function of SpnA/SpnAi and          
  S5nA/S5nAi.
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Streptococcus pyogenes is an exclusive human pathogen that causes a wide range of 
diseases ranging from non-invasive pharyngitis and impetigo to more severe invasive 
diseases, such as toxic shock syndrome, necrotising fasciitis and rheumatic fever. We 
have recently characterised two novel cell wall-anchored immune evasion factors of    
S. pyogenes, the Streptococcus pyogenes nuclease A (SpnA) and Streptococcal 
5’-nucleotidase A (S5nA). Investigations of S. pyogenes pathomechanisms are hindered 
by the lack of suitable animal infection models. We have identified two genes on the 
Streptococcus iniaeStreptococcus iniae genome that are similar to the S. pyogenes genes encoding SpnA 
and S5nA. S. iniae is a major fish pathogen that shares many virulence traits with        
S. pyogenes, and can also cause infections in humans. In this study, we show that the 
corresponding S. iniae proteins, termed SpnAi and S5nAi, are also functionally similar 
to their S. pyogenes counterparts making them true orthologues. These results provide 
the basis for further studies to determine the in-vivo function of these proteins using a 
S. iniae – zebrafish infection model.

Introduction

•  Recombinant forms of SpnAi and S5nAi       
  lacking the signal peptide and cell-wall        
  anchored domain were expressed in E. coli  
  B L21 with a N-terminal histidine tag.
•  The proteins were then purified using          
  immobilised metal  affinity chromatography   
  (IMAC) with Ni2+-NTA.

Expression and Purification of rSpnAi and rS5nAi 

Figure 2: SDS-PAGE gel images showing purified rSpnAi and rS5nAi by 
metal-affinity chromatography.

Figure 3: Biochemical analysis of rSpnAi. rSpnAi were incubated with lambda DNA (GE Healthcare) in nuclease reaction buffer 
containing 50 mM Tris-HCl pH 7.4, 150 mM NaCl, 5 mM MgCl2, 1 mM CaCl2 and incubated for 1 hr at 37°C. (A) SpnAi activity depends on the presence of Ca2+ and Mg2+. Lambda DNA was digested in the presence or absence of each of the cations and 
analysed on a 1% agarose gel. C, control: reaction mixture without rSpnAi. Figure 4: Biochemical analysis of rS5nAi. Enzymatic reactions with rS5nAi were carried out in 50 mM Tris-HCl pH 7, 10 mM MgCl2, 1 mM substrate and 0.1 µM of rS5nAi in a total volume of 20 µl. The reaction mixture was incubated for 20 mins at 37°C. The enzymatic reactions were 

stopped by adding EDTA to a final concentration of 50 mM. The release of inorganic phosphate (Pi) was quantified using a malachite green phosphate colorimetic assay kit (Sigma-Aldrich) according to the manufacturer’s instructions. (A) Enzyme kinetics of rS5nAi for AMP hydrolysis 
were determined by velocity measurements with various concentrations of AMP in the presence of 10 mM MgCl2 at pH 7 and 42°C using GraphPad Prism V6.03 software.GraphPad Prism V6.03 software. The error bars show the standard deviation of three independent experiments performed in triplicates. 

Table 2: Summary of Biochemical Properties of rS5nAi and rS5nA

Table 1: Summary of Biochemical Properties of rSpnAi and rSpnA

• SpnAi and S5nAi share    
  amino acid sequence      
  identities of 63% and       
  62% with SpnA and         
  S5nA, respectively.  

Figure 1: Rooted phylogenetic tree (UPGMA, (unweighted pair group method with arithmetic 
mean)) of cell wall-anchored nucleases (left) and cell wall-anchored 5’-nucleotidases (right). 
The number in parentheses show amino acid sequence identities with SpnAi and S5nAi.
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Generation of Gene Deletion Mutant

Identification of SpnAi and S5nAi

•  Survival
•  Effect on zebrafish immune system
  - Neutrophil recruitment
  - Macrophage recruitment

Figure 5: Illustrate the homologous recombination between the constructed plasmid (with each flanking region in each MCS) and 
the S. iniae genome to generate SpnAi / S5nAi gene deletion knockout. The generated strains will be analysed in zebrafish. 


