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Reports:
Solution structure determination of human IgA2 by X-ray and neutron scattering and analytical
ultracentrifugation and constrained modelling: a comparison with human IgA1. (2004) J. Mol. Biol.
338, 921-941. Furtado, P. B., Whitty, P.W., Robertson, A., Eaton, J. T., Almogren, A., Kerr, M.A., Woof,
J.M. & Perkins, S. J.
Abstract. Immunoglobulin A, the most abundant human immunoglobulin, mediates immune protection at
mucosal surfaces as well as in plasma. It exists as two subclasses IgA1 and IgA2, and IgA2 is found in at
least two allotypic forms IgA2m(1) or IgA2m(2). Compared to IgA1, IgA2 has a much shorter hinge region
which joins the two Fab and one Fc fragments. In order to assess its solution structure, monomeric
recombinant IgA2m(1) was studied by X-ray and neutron scattering. Its Guinier X-ray radius of gyration RG
is 5.18 nm and its neutron RG is 5.03 nm, both of which are significantly smaller than those for monomeric
IgA1 at 6.1-6.2 nm. The distance distribution function P(r) for IgA2m(1) showed a broad peak with a
subpeak and gave a maximum dimension of 17 nm, in contrast to the P(r) curve for IgA1 which showed two
distinct peaks and a maximum dimension of 21 nm. The sedimentation coefficients of IgA1 and IgA2m(1)
were 6.2 S and 6.4 S respectively. These data show that the solution structure of IgA2m(1) is significantly
more compact than IgA1. The complete monomeric IgA2m(1) structure was modelled using molecular
dynamics to generate random IgA2 hinge structures, to which homology models for the Fab and Fc
fragments were connected to generate 10,000 full models. A total of 104 compact best fit IgA2m(1) models
gave good curve fits. These best fit models were modified by linking the two Fab light chains with a
disulphide bridge that is found in IgA2m(1), and subjecting these to energy refinement to optimise this
linkage. The averaged solution structure of the arrangement of the Fab and Fc fragments in IgA2m(1) was
found to be predominantly T-shaped and flexible, but also included Y-shaped structures. The IgA2 models
show full steric access to the two FcαRI binding sites at the Cα2-Cα3 interdomain region in the Fc fragment.
Since previous scattering modelling had shown that IgA1 also possessed a flexible T-shaped solution
structure, such a T-shape may be common to both IgA1 and IgA2. The final models suggest that the
combination of the more compact IgA2m(1) and the more extended IgA1 structures will enable human IgA
to access a broader range of antigens than either acting alone. The hinges of both IgA subclasses appear to
show reduced flexibility when compared to their equivalents in IgG, and this may be important for
maintaining an extended IgA structure.

Semi-extended solution structure of human myeloma immunoglobulin D determined by constrained Xray scattering. (2005) J. Mol. Biol. In press. Sun, Z., Almogren, A., Furtado, P. B., Chowdhury, B., Kerr, M.
A. & Perkins, S. J.
Abstract. Human immunoglobulin D (IgD) occurs most abundantly as a membrane-bound antibody on the
surface of mature B cells (mIgD). IgD possesses the longest hinge sequence of all the human antibody
isotypes, with 64 residues connecting the Fab and Fc fragments. A novel rapid purification scheme of
secreted IgD from the serum of an IgD myeloma patient using thiophilic (T-gel) and lectin affinity
chromatography gave a stable, homogeneous IgD preparation. Synchrotron X-ray scattering and analytical
ultracentrifugation of IgD identified the solution arrangement of its Fab and Fc fragments, and thereby its
hinge structure. The Guinier X-ray radius of gyration RG of 6.9 ± 0.1 nm showed that IgD is more extended
in solution than the immunoglobulin subclass IgA1 (RG of 6.1-6.2 nm). Its distance distribution function P(r)
showed a single peak at 4.7 nm and a maximum dimension of 23 nm. Velocity experiments gave a
sedimentation coefficient of 6.3 S, which is similar to that for IgA1 at 6.2 S. The complete IgD structure was
modelled using molecular dynamics to generate IgD hinge structures, to which homology models for the Fab
and Fc fragments were connected. Good scattering curve fits were obtained with 18 semi-extended best fit
IgD models that were filtered from 8,500 trial models. These best-fit models showed that the IgD hinge does
not correspond to an extended polypeptide structure. The averaged solution structure arrangement of the Fab
and Fc fragments in IgD is principally T-shaped and flexible, with contribution from Y-shaped and inverted
Y-shaped structures. Although the linear sequence of the IgD hinge is much longer, comparison with
previous scattering modelling of IgA1 and IgA2(m)1 suggests that the hinge of IgA1 and IgD are more
similar than might have been expected. Both possess flexible T-shaped solution structures, probably
reflecting the presence of restraining O-linked sugars.

Biochemical and structural properties of the complex between human immunoglobulin A1 and human
serum albumin by X-ray and neutron scattering and analytical ultracentrifugation. (2005) Submitted
for publication. Almogren, A., Furtado, P. B., Sun, Z., Perkins, S. J. & Kerr, M. A.
Abstract. IgA is by far the most abundant antibody in humans, and is unique amongst antibodies in being
able to form a range of polymeric structures that may possess important functions in the pathology of specific
diseases. Using a novel two-step purification based on thiophilic and jacalin affinity chromatography, the
covalent complex between the IgA1 subclass of IgA and human serum albumin (HSA) was purified. The link
is formed between Cys471 in IgA1 and Cys34 in HSA. IgA1-HSA binds to IgA receptors on neutrophils and
monocytes, and elicits a respiratory burst that is comparable in magnitude to that of monomeric IgA1. The
solution arrangement of IgA1-HSA was identified by X-ray scattering and ultracentrifugation. The radius of
gyration RG of 7.5 ± 0.3 nm showed that IgA1-HSA is more extended in solution than IgA1 (RG of 6.1-6.2
nm). Its distance distribution function P(r) showed two peaks that indicated a well separated solution
structure as previously found for IgA1, and a maximum dimension of 25 nm which is greater than that of 21
nm for IgA1. Sedimentation equilibrium showed that the stoichiometry of IgA1 and HSA is 1: 1.
Sedimentation velocity resulted in a sedimentation coefficient of 6.4 S and a frictional ratio of 1.87 which is
greater than that of 1.56 for IgA1. The constrained modelling of the IgA1-HSA structure using known
structures for IgA1 and HSA generated 2432 conformationally-randomised models of which 52 gave good
fits to the scattering curve. The HSA structure was located at the base of the Fc fragment in IgA1 in an
extended arrangement. Such a structure accounts for the functional activity of IgA1-HSA, and supports our
previous modelling analysis of the IgA1 solution structure. The IgA1-HSA complex may represent a new
class of targeted therapeutic reagents based on the coupling of IgA1 to carrier proteins.

