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ABC toxin complexes are a class of large, multi-subunit protein complexes produced 

by bacteria.  They are widespread in pathogens of insects, and are also present in 

several mammalian pathogens
1
.  These complexes typically contain three major 

protein components
2
, TcA, TcB, and TcC.  The TcA component forms a pentameric 

assembly that is responsible for binding to the target cell and stimulating endocytosis.  

The TcC protein contains two distinct regions, a conserved N-terminal region 

(TcC
NTR

) and a variable C-terminal toxin region (TcC
CTR

).  When co-expressed with 

TcB, the TcC protein is cleaved at the junction between these two regions, and all 

three polypeptides remain tightly associated. 

I have studied the ABC toxin complex from a native New Zealand soil bacterium, 

Yersinia entomophaga
3
.  I have determined the structure of several of the proteins that 

make up the complex, including two chitinase enzymes
4
 and the complex formed by 

the TcB and TcC
NTR

 proteins.  The TcB/TcC
NTR

 structure revealed an unprecedented, 

large, hollow shell with a previously unknown protein fold
5
.  This shell is formed 

from a long strip of -sheet that spirals around a central cavity, ~59,000 Å
3
 in volume.  

This hollow shell is believed to encapsulate the cytotoxic TcC
CTR

 and deliver it into 

the cell cytoplasm.   

The TcC proteins contain a conserved “RHS-repeat-associated core domain.”  We 

show that this domain is an aspartic protease that cleaves the TcC protein into its two 

component regions, with TcC
CTR

 encapsulated inside the shell. 

TcC proteins also contain RHS (rearrangement hot-spot) repeats, which can be found 

throughout bacterial species, and also in eukaryotes as the related YD repeats.  This is 

the first structure of a protein containing RHS repeats, and we are able to describe 

their three-dimensional structure.  Each individual RHS repeat corresponds to an 

individual strand-turn-strand, and we predict that multiple RHS repeats will form a 

long strip of -sheet that spirals around to form a hollow shell, as seen in our 

structure.  RHS repeat proteins are therefore likely to be involved in the encapsulation 

and delivery of C-terminal peptides. 

1. Hares, M. C., Hinchliffe, S. J., Strong, P. C. R., Eleftherianos, I., Dowling, A. J., ffrench-Constant, 

R. H., & Waterfield, N. (2008). The Yersinia pseudotuberculosis and Yersinia pestis toxin complex 

is active against cultured mammalian cells. Microbiology, 154, 3503–3517. 

doi:10.1099/mic.0.2008/018440-0 

2. ffrench-Constant, R., & Waterfield, N. (2006). An ABC guide to the bacterial toxin complexes. 

Adv. Appl. Microbiol., 58, 169–183. 

3. Hurst, M. R. H., Jones, S. A., Binglin, T., Harper, L. A., Jackson, T. A., & Glare, T. R. (2011). The 

main virulence determinant of Yersinia entomophaga MH96 is a broad-host-range toxin complex 

active against insects. J. Bacteriol., 193(8), 1966–1980. doi:10.1128/JB.01044-10 



4. Busby, J. N., Landsberg, M. J., Simpson, R. M., Jones, S. A., Hankamer, B., Hurst, M. R. H., & 

Lott, J. S.  (2012).  Structural analysis of Chi1 chitinase from Yen-Tc: the multisubunit insecticidal 

ABC toxin complex of Yersinia entomophaga.  J. Mol. Biol., 415(2), 359-371.  

doi:10.1016/j.jmb.2011.11.018 

5. Busby, J. N., Panjikar, S., Landsberg, M. J., Hurst, M. R. H., & Lott, S.  (2013).  The BC 

component of ABC toxins is an RHS-repeat-containing protein encapsulation device.  Nature, 

501(7468), 547-550.  doi:10.1038/nature12465 


