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Abstract 

The polyhistidine triad (Pht) proteins are a family of proteins defined by the presence of 

multiple copies of the histidine triad motif (HxxHxH). There are four members of this 

family in Streptococcus pneumoniae: PhtA, B, D and E. The proteins are found on the cell 

surface and immunisation with them has been shown to elicit protective immunity against 

disease caused by this Gram positive pathogen.  

The aim of the work presented in this thesis was to extend our understanding of the 

structure and functions of these proteins, as well as to explore their potential use in 

vaccines. Firstly, the previously reported interaction of the Pht proteins with factor H (a 

negative regulator of the alternative pathway of the complement system) was investigated 

by testing binding of the proteins to different regions of factor H by ELISA and flow 

cytometry. This revealed that the Pht proteins bind to the first seven domains of factor H 

more strongly than they do to the full length protein.  

Pht proteins have also been implicated in binding to zinc ions. In this work the proteins 

were found to interact to a certain extent with a number of transition metal ions. However, 

measurements of metal ion content of wild-type and ΔphtABDE mutant strains only 

showed decreases in zinc and nickel content of the mutant relative to the wild-type. 

Growth of the mutant strain was impaired relative to wild-type in media with low 

concentrations of available zinc.  Further work indicated that this phenotype is linked to 

the zinc-specific ABC transporter substrate binding proteins AdcA and AdcAII, and 

implied that the Pht proteins may facilitate acquisition of zinc by AdcAII. 

It is not clear which region or regions of the Pht proteins are required for protective 

immunity to be induced against pneumococcal disease when used as immunogens. To 

investigate this, truncated derivatives of PhtA and PhtD were cloned, expressed and 

purified and analysed for their capacity to bind antibodies that had been generated against 

the full length protein. This led to the identification of immunogenic regions in both 

proteins which were subsequently tested as immunogens in mouse models of 

pneumococcal disease and colonisation. However, significant protective effects were not 

found in almost all cases, including for control groups immunised with the full length 

proteins, leading to the conclusion that PhtA and PhtD are not effective vaccine candidates 

in the models tested. 
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Lastly, the mechanism of attachment of PhtD to the cell surface was examined by 

deletion of regions near the N-terminus of the protein and subsequent analysis of the 

surface accessibilities of the mutant forms of the protein. These experiments identified a 

short stretch of amino acids that are required for the protein to be cell-associated. 

Furthermore, a considerable proportion of the total amount of wild-type PhtD produced 

was found to be released into culture supernatants. Further experiments revealed that the 

released protein could not re-attach to the surface and that PhtD release occurs in a number 

of different pneumococcal strains. 
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