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            Abstract
The B cell antigen receptor (BCR) is composed of a membrane-bound class M, D, G, E or A immunoglobulin for antigen recognition1,2,3 and a disulfide-linked IgÎ± (also known as CD79A) and IgÎ² (also known as CD79B) heterodimer (IgÎ±/Î²) that functions as the signalling entity through intracellular immunoreceptor tyrosine-based activation motifs (ITAMs)4,5. The organizing principle of the BCR remains unknown. Here we report cryo-electron microscopy structures of mouse full-length IgM BCR and its Fab-deleted form. At the ectodomain (ECD), the IgÎ±/Î² heterodimer mainly uses IgÎ± to associate with CÂµ3 and CÂµ4 domains of one heavy chain (ÂµHC) while leaving the other heavy chain (ÂµHCâ€²) unbound. The transmembrane domain (TMD) helices of ÂµHC and ÂµHCâ€² interact with those of the IgÎ±/Î² heterodimer to form a tight four-helix bundle. The asymmetry at the TMD prevents the recruitment of two IgÎ±/Î² heterodimers. Notably, the connecting peptide between the ECD and TMD of ÂµHC intervenes in between those of IgÎ± and IgÎ² to guide TMD assembly through charge complementarity. Weaker but distinct density for the IgÎ² ITAM nestles next to the TMD, suggesting potential autoinhibition of ITAM phosphorylation. Interfacial analyses suggest that all BCR classes utilize a general organizational architecture. Our studies provide a structural platform for understanding B cell signalling and designing rational therapies against BCR-mediated diseases.
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                    Fig. 1: Cryo-EM maps of the IgM BCR.[image: ]


Fig. 2: ECD Interactions between the IgÎ±/Î² heterodimer and mIgM.[image: ]


Fig. 3: CP interactions between the IgÎ±/Î² heterodimer and mIgM.[image: ]


Fig. 4: TMD assembly of the IgM BCR.[image: ]
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                Data availability

              
              All data and materials reported in the main and supplementary data are available upon reasonable request. The electron density maps of 8.2â€‰Ã… full-length IgM BCR, 3.3â€‰Ã… IgM BCRÎ”fab and 3.9â€‰Ã… IgM BCRÎ”fab have been deposited in the Electron Microscopy Data Bank (EMDB) with accession codes EMD-27848, EMD-27888 and EMD-28030, respectively. The atomic coordinates for IgM BCRÎ”fab and full-length IgM BCR have been deposited in the Protein Data Bank with the accession code of 8E4C and 8EMA.
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Extended data figures and tables

Extended Data Fig. 1 Protein purification and cryo-EM data processing of full-length IgM BCR.
a, Selection of J558L B cells that expressed IgM BCR. Domain organization of IgM BCR and surface expression of IgM (APC) and IgÎ± (GFP) by flow cytometry are shown. b-c, Purification of IgM BCR shown by SDS-PAGE, Blue-native (BN) PAGE and western blotting using antibodies against the individual subunits. H: heavy chain; L: light chain. d, Gel filtration profiles of IgM BCR. The peak of IgM BCR is shaded in grey. e-f, Representative 2D classes of IgM BCR (e) and specifically at its Fab region (f). g-h, Data processing flow chart (g) and local resolution distribution of IgM BCR (h).


Extended Data Fig. 2 Protein purification, raw images and 2D classifications of IgM BCRÎ”Fab.
a, Selection of J558L B cells that expressed IgM BCRÎ”Fab. Domain organization of IgM BCRÎ”Fab and surface expression of IgM (APC) and IgÎ± (GFP) by flow cytometry are shown. b-c, Purification of IgM BCRÎ”Fab shown by SDS-PAGE, Blue-native (BN) PAGE and western blotting using antibodies against the individual subunits. H: heavy chain. d, Gel filtration profiles of IgM BCRÎ”Fab. The peak of IgM BCRÎ”Fab is shaded in grey e-f, Representative negative staining EM image (e) and cryo-EM image of IgM BCRÎ”Fab (f). g, Representative 2D classes of IgM BCRÎ”Fab.


Extended Data Fig. 3 Cryo-EM data processing of IgM BCRÎ”Fab.
a, Cryo-EM data processing flow chart of the 3.9â€‰Ã… intermediate cryo-EM map and the 3.3â€‰Ã… final cryo-EM map of IgM BCRÎ”Fab. b, Angular distribution of the particles used for the final reconstruction shown as a heat map. c, Fourier shell correlation (FSC) plots. d, 3D FSC plot.


Extended Data Fig. 4 AlphaFold predicted models of IgM BCR.
a, The top ranked model of IgM BCR (without Fab and CÂµ2) predicted by AlphaFold, coloured by per-residue pLDDT score. b, Five predicted models of IgM BCR. c, Alignment of the five models of the IgÎ±/Î² heterodimer at ECD (left) and TMD (right), showing consistent prediction of the ECD interaction (left) and the TMD interaction (right) separately. The CPs of the IgÎ±/Î² heterodimer were not predicted correctly. d, Alignment of the five models of mIgM at ECD (left) and TMD (right) superimposed with IgM BCRÎ”Fab model, showing consistent prediction of the ECD interaction (left) but incorrect prediction of the TMD interaction (right). The CPs of the mIgM dimer were not predicted correctly. In (c) and (d), the experimentally determined subunits of the IgM BCRÎ”Fab model are shown in their model colours and AlphaFold predicted models are shown in grey.


Extended Data Fig. 5 Model fitting of IgM BCRÎ”Fab in the 3.3â€‰Ã… cryo-EM map (contour level: 4.0 Ïƒ).
a, Ig regions of IgÎ± and IgÎ² for the IgÎ±/Î² interaction superimposed with the cryo-EM map. b, Interface between ÂµHC CÂµ4 and IgÎ± superimposed with the cryo-EM map. c, Four connecting peptide regions from ÂµHC, ÂµHCâ€™, IgÎ± and IgÎ² superimposed with the cryo-EM map. Acidic and basic residues are shown and labelled. d-e, TMD helices of ÂµHC, ÂµHCâ€™, IgÎ± and IgÎ² superimposed with the cryo-EM map (d). Key residues mediating the TMD interaction are shown (e). f, The fitting of five glycosylation sites on the IgÎ±/IgÎ² heterodimer.


Extended Data Fig. 6 Structural and sequence alignment of IgÎ± and IgÎ².
a, Structural alignment between the Ig domains of IgÎ± and IgÎ² (3.2â€‰Ã… RMSD). b-c, Sequence alignment of IgÎ± (b) and IgÎ² (c) among different species. Residues at the interface of IgÎ±/Î² with ÂµHC and ÂµHCâ€™ are indicated by triangle symbols. IgÎ± C113 and IgÎ² C135 are marked by red triangle symbols.


Extended Data Fig. 7 Structural and sequence alignment of mIg.
a, Structural alignment of the CÂµ3-CÂµ4 homodimer of IgM BCR with that from the crystal structure of secreted IgM or sIgM (3.1â€‰Ã… RMSD, PDB: 6KXS). b, Sequence alignment of mIg among different isotypes. Residues at the interface of ÂµHC and ÂµHCâ€™ with IgÎ±/Î² are indicated by solid and hollow triangle symbols respectively.


Extended Data Fig. 8 Interaction at TMD and sequence alignment of mIgM.
aâ€”e, The interactions between pairs of helices of TMD. f, Sequence alignment of mIgM among different species.


Extended Data Fig. 9 AlphaFold prediction and secondary structure prediction of IgÎ², and sequence conservation mapping on the IgM-BCR surface.
a, AlphaFold prediction of IgÎ². The TMD and ICD of IgÎ² were predicted, showing the pLDDT scores. b, Secondary structure prediction of IgÎ² (residue 171â€“228). The ITAM consensus motif is highlighted by red rectangle. c-d, Conserved residue distribution on the CÂµ3-CÂµ4 homodimer surface (c) and the IgÎ±/IgÎ² heterodimer surface (d) according to sequence alignment among species. The most conserved residues are shown in dark blue, less conserved residues in light blue, and the remaining residues in their chain colours are defined in Fig. 1d.


Extended Data Table 1 Data collection, processing, refinement, and validation statisticsFull size table
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