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Report: 
 
Publication: Okemefuna, A. I., Nan, R., Gor, J. & Perkins, S. J. (2009). Electrostatic interactions contribute 
to the folded-back conformation of wild-type human Factor H. J. Mol. Biol. 391, 98-118. 
 
Abstract: Factor H (FH) is a major serum regulator of C3b in the complement alternative pathway, being 
composed of 20 short complement regulator (SCR) domains. Previous solution structures for FH showed that 
this has a folded-back domain arrangement and existed as oligomers. To clarify the molecular basis for this, 
analytical ultracentrifugation and X-ray scattering studies of native FH were performed as a function of NaCl 
concentration and pH. The sedimentation coefficient for the FH monomer decreased from 5.7 S to 5.3 S with 
increase in NaCl concentration, showing that weak electrostatic inter-domain interactions affect its folded-
back structure. FH became more elongated at pH 9.4, showing the involvement of histidine residue(s) in its 
folded-back structure. Similar studies of partially deglycosylated FH suggested that oligosaccharides were 
not significant in determining the FH domain structure. The formation of FH oligomers decreased with 
increase in NaCl concentration, indicating that electrostatic interactions also affect this. X-ray scattering 
showed that the maximum length of FH increased from 32 nm in low salt to 38 nm in high salt. Constrained 
X-ray scattering modelling was performed to generate significantly improved FH molecular structures at 
medium resolution. In 50 mM NaCl, the modelled structures showed that inter-SCR domain contacts are 
likely, while these contacts are diminished in 250 mM NaCl. Our results show that the conformation of FH 
will be affected by its local environment, and this may be important for its interactions with C3b and when 
bound to polyanionic cell surfaces.  
 
Publication: Okemefuna, A. I., Li, K., Nan, R., Ormsby, R. J., Sadlon, T., Gordon, D. L. & Perkins, S. J. 
(2009). Multimeric interactions between complement Factor H and its C3d ligand provide new insight on 
complement regulation. J. Mol. Biol. 391, 119-135. 



 

 
Abstract: Activation of C3 to C3b signals the start of the alternative complement pathway. The C-terminal 
SCR-20 domain of factor H (FH), the major serum regulator of C3b, possesses a binding site for C3d, a 35 
kDa physiological fragment of C3b. Size distribution analyses of mixtures of SCR-16/20 or FH with C3d by 
analytical ultracentrifugation in 50 mM and 137 mM NaCl buffer revealed a range of discrete peaks, showing 
that multimeric complexes had formed at physiologically-relevant concentrations. Surface plasmon 
resonance studies showed that native FH binds C3d in two stages. An equilibrium dissociation constant KD1 
of  2.6 µM in physiological buffer was determined for the first stage. Overlay experiments indicated that C3d 
formed multimeric complexes with FH. X-ray scattering showed that the maximum dimension of the C3d 
complexes with SCR-16/20 at 29 nm was not much longer than that of the unbound SCR-16/20 dimer. 
Molecular modelling suggested that the ultracentrifugation and scattering data are most simply explained in 
terms of associating dimers of each of SCR-16/20 and C3d. We conclude that the physiological interaction 
between FH and C3d is not a simple 1:1 binding stoichiometry between the two proteins that is often 
assumed. Because the multimers involve the C-terminus of FH which is bound to host cell surfaces, our 
results provide new insight on FH regulation during excessive complement activation, both in the fluid phase 
and at host cell surfaces decorated by C3d.  
 
Publication: Bonner, A., Almogren, A., Furtado, P. B., Kerr, M. A. & Perkins, S. J. (2009). The non-planar 
secretory IgA2 and near-planar secretory IgA1 solution structures rationalize their different mucosal immune 
responses. J. Biol. Chem. 284, 5077-5087 
 
Abstract: Secretory IgA (SIgA) is the most prevalent human antibody and is central to mucosal immunity. It 
exists as two subclasses, SIgA1 and SIgA2, where SIgA2 has a shorter hinge joining the Fab and Fc regions. 
Both forms of SIgA are predominantly dimeric and contain an additional protein called secretory component 
(SC) that is attached during the secretory process and is believed to protect SIgA in harsh mucosal 
conditions. Here we locate the five SC domains relative to dimeric IgA2 within SIgA2 using constrained 
scattering modelling. The X-ray and sedimentation parameters showed that SIgA2 has an extended solution 
structure. The constrained modelling of SIgA2 was initiated using two IgA2 monomers which were 
positioned according to our best-fit solution structure for dimeric IgA1. SC was best located along the 
convex edge of the Fc-Fc region. The best-fit models showed that SIgA2 is significantly non-planar in its 
structure, in distinction to our previous near-planar SIgA1 structure. Both the shorter IgA2 hinges and the 
presence of SC appear to displace the four Fab regions out of the Fc plane in SIgA2. This may explain the 
noncovalent binding of SC in some SIgA2 molecules. This non-planar structure is predicted to result in 
specific immune properties for SIgA2 and SIgA1. It may explain differences observed between the SIgA1 
and SIgA2 subclasses in terms of their interactions with antigens, susceptibility to proteases, effects on 
receptors, and their distribution in different tissues. The different structures accounts for the prevalence of 
both forms in mucosal secretions. 
 


