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SUPPLEMENTARY DISCUSSION
Bt toxin receptor rationale. A conserved region proximal to the plasma membrane has been
1,2
experimentally identified to be a required region for Cry1Ac binding and toxicity . Sequence
alignment of this region from cadherins of various lepidopteran species suggests a short ~50amino acid motif, the toxin-binding region (TBR), in cadherin-like proteins that is necessary for
Cry1Ac binding and insecticidal activity (Extended Data Fig. 4). In T. ni, binding of Cry1Ac to
cadherin can occur when the protein is solubilized from the cell membrane and denatured to
3,4
expose the transmembrane domain and other regions that are not natively exposed . However,
Cry1Ac does not bind the cadherin-like protein in its native form in the brush border membranes
of the midgut of T. ni, as a Cry1Ac-resistant T. ni strain with no alteration of the cadherin-like
protein at genomic, transcriptional, and protein levels exhibits an absence of Cry1Ac binding sites
3-5
in the midgut brush border membranes . Indeed, resistance to Cry1Ac in T. ni is not mediated
through lack of binding to the cadherin-like receptor, but instead is associated with the ABCC2
3,4,6
gene and down-regulation of the aminopeptidase APN1 . Consistent with this view,
lepidopteran ABCC2 receptors have been shown to be sufficient for mediating Cry toxin activity in
7
insect cells, and Cry1Ac resistance in T. ni is not dependent on the T. ni cadherin-like receptor
4
TnCAD , as we confirm experimentally below. We hypothesized that evolved Cry1Ac mutants that
bind TnCAD with high affinity would establish binding of Cry1Ac to the cadherin in the midgut T.
ni, and may be able to overcome T. ni resistance mechanisms involving mutations of the ABCC2
and APN1 receptors or their regulatory sequences.
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