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Supplementary Data 1: Multiple sequence alignment of the three TcC subunits of Yen-Tc 
 
 
YenC1 : MNQFDSALHQGTPGVSVLDNRGHVIRELRYYRHPDTPQEIAERIAFHQYDSYGFISQSIDPRLAERRKQDSSVKPNLSYFTALSGEVLRT :  90 
YenC2 : ---MDIQLFSKTPSVTVFDNRGLSVRDIAYRRHPDTPKVTEECITYHQFDFRGFLAQSLDPRLNHKE------VTNFSYLTDLNGNIIYT :  81 
YenC3 : ---MSTSLFSRTPKVTVFDNRGLTARDIAYHRHPDAPEVTNERITPHQYDARGFLTQSADPRLHDAG------RVNFSYLTDLAGGVLRT :  81 
                                                                                                         
                                                                                                         
                                                                                                         
YenC1 : DGVDAGTIFSLNDIAARPAISISA------------TGVSHTWQYEGENRPGRVLSRSEREKDREERIIERFYWAGSDASQKANNLAGQC : 168 
YenC2 : QSVDAGNTLVLNDTEGRSVIAMTNISRGENGKDDLSLAVTRTFQYENAPLPGRPLSVTEQVNGENARITEHFVYAGNTPQEKNLNLAGQC : 171 
YenC3 : QGADNGTSVSLNDVAGRPFIVVSHISATDEGTEDRSLAVTRTWQYEDAALPGRPLNVTEQISTEVARITERFVYAGNTGAEKTLNLAGLC : 171 
                                                                                                         
                                                                                                         
                                                                                                         
YenC1 : LRHYNSAGLNQTLSIALTGTPISACFQPLLESA----EPEWQGTNESAWLELLTPEIFTTYNRADANGETLVQTDAMGNIQRLAYDVAGF : 254 
YenC2 : VSYYDAAGLIQTDSVSLTGKPLSVSRKLLKNLDDTNILADWQGNDTSAWNSLLATEIYTTVTRTDAAGAVLTTIDAVGNQQRVAFDIAGQ : 261 
YenC3 : VRHYDTAGLVQTDSIALTGVSLSVTRRLLKDADNPDTVADWQGEGASAWNDLLSGEEYVTLTTADATGTVLTTTDAKGNIQRVRYDVAGL : 261 
                                                                                                         
                                                                                                         
                                                                                                         
YenC1 : LKSSWLSLKGGQEQIIVKSLTYSAAGQKLQEEHGNGVLTTYSYEAETQRLIGIRTERPAGHLSGARVFQDLRYTYDPVGNVLRITNDAEA : 344 
YenC2 : LSASWLTLKGGQEQVIIKVLTYSAAGQKLREEGGNGVVTTYTYEAETQRLIGIKTERPNGHAAGAKVLQDLRYEYDPVGNVLSITNDAEE : 351 
YenC3 : LSGSWLTVRDRTEQVIVKSLTYSAAGQKQREDHGNGVVITYTYEAETQRLTGIRTERPAGHASGAKVLQDLRYEYDPVGNVLKITNDAEA : 351 
                                                                                                         
                                                                                                         
                                                                                                         
YenC1 : TRFWRNQKVVPENTYIYDTLYQLVSANGREMANIPQQSSQLPTL---SPIDNNAYTNYIRNYHYDSAGNLMQIRHTSAAANNSYTTNITV : 431 
YenC2 : TRFWRNQKVVPENAYRYDSLYQLVSASGREVAGAGQQGSDLPSPLVPLPSDSSVYTNYTRTYTYDSAGNLMRIRHSAPATNNNYTLNITV : 441 
YenC3 : TRFWSNQKVVPENTYTYDSLYQLVSATGREMANVGQQGSRLPSATVPFPTDSSAYTSYTRTYTYDEASNLTQIRHS-PATRSGYTTNITV : 440 
                                                                                                         
                                                                                                         
                                                                                                         
YenC1 : SKYSNRAVLSSLTDDVDKVEAFFDAAGRQNQLLPGQTLSWNARGELAKVTPVARDGQESDSETYRYDANSQRVSKMAIQQSNNNTQTRRV : 521 
YenC2 : SERSNRGVMSSLTENPADVDALFTASGSQKCLQQGQSLIWTPRGELRTVLLVARGETADDSESYRYDGSSQRILKISSQQTNHSARVQRA : 531 
YenC3 : SNRSNRAVLSNLTENAADVDALFTAGGQQTQLQPGLGLVWTARNELLKVTPVMRDGSADDSENYRYDGGSQRILKVSVQKTGNSAQTQRA : 530 
                                                                                                         
                                                                                                         
                                                                                                         
YenC1 : LYLAGLERRTIHQGNTLFETLLVVKIGEAGRAQVQAMHWELGQPTEVANDELRYSYDNLIGSSGLEVDGTGQLISQEEYYPYGGTAVWMA : 611 
YenC2 : LYLPGLEWRTMTGGVAEAENLQVICIGEAGRAQVRVLHWESGKPDGIINDQIRWSYDNLTCSSGLEVDGDGLVISMEEYYPYGGTAVWAA : 621 
YenC3 : LYLPGLELRSAKNGDTETESLQVITVGEASRAQVRMLHWESGRPDGITDDKVRYSYDNLTGSSVLELDSDGKLISMEEYYPYGGTAVWTV : 620 
                                                                                                         
                                                                                                         
                                                                                                         
YenC1 : RSQREASDKAYGYSGKERDATGLYYYGFRYYQPWAGRWLSADPAGTIDGLNLFRMVRNNPIVLHDPDGLAPGFFERISSFRKKDTLTISS : 701 
YenC2 : RSHIETAYKTVRYSGKERDATGLYYYGFRYYQPWAGRWLSADPAGTVDGLNLYRMVRNNPLRLTDPDGMAPLDWLDLDTTNASRDI---- : 707 
YenC3 : RSAVEANYKTVRYSGKERDATGLYYYGYRYYQPWAGRWLSADPAGSVDGLNLYRMVRNNPVAWKDNDGRIPINTMIPPPPPMMGGN---- : 706 
                                    *            *                      *  *^                            
                                                                                                         
                                                                                                         
YenC1 : LKGTGPFYTRSESEIDIDFLFSRQDRDKDFPPQNHKE-LSAEDRREVLEVSSGENITSA--------------------NKSSKWYAGTH : 770 
YenC2 : VK---AIYQLN---------------------QIDGPHRGVRDTYQRMTESTGMILQETLNNEAVLKGIKQKDKEKKSRGMKFT------ : 767 
YenC3 : PPPPPPMMGGNPPPPP-----PVAGGNPPPPPSMPGQQNGAKKNWV---------I-------------KEDPALYKQQGGEYPYYSSFT : 769 
                                                                                                         
                                                                                                         
                                                                                                         
YenC1 : WETK--PLKNNTDLVVLHNGVQGAAGININLNDIKPGRSV------------LVTAGTLTGCTMITGVKGNNFYALHAGTGTPSENWVTG : 846 
YenC2 : ----NSKLKTYAAHAGVL-------------NTL--QPDPVYKDGFLNLPGSLGNKNTFPGVELIEDKVKPSLSQYHPDKLGKSQRWK-P : 837 
YenC3 : IALQKLNISHYDSIIDMDNFISKWAEIG---RNMKPAARDISHDKFIEVQKTLG-------------KIDAEWSGYHSADVNETFRGDTP : 843 
                                                                                                         
                                                                                                         
                                                                                                         
YenC1 : EHGVTDNFRMLNKLIPDAGIDLNPEAVNDSLLTILDYFDNGT-IAYNGKKGSEIHRDADNILNYRTTGYENTVGVSFSLLTKDKNGEVSA : 935 
YenC2 : ESSLG--YY---------------------RVADTEAFITGIRSQYK-SSGTDLHAVVEGRIRDHLLAN-NNVLPKMAGI-AGLHAEVQA : 901 
YenC3 : VISNS--YS---------------------WLA---EFINES----E-GKSDTVQKSMDLEIKSPLIMS-TAKDPKMGYV-SGKT----- : 895 
                                                                                                         
                                                                                                
                                                                                                
YenC1 : S-TLLELGELKPHKKHRTRGQFGMT------------------------------------ELKYEARKNTVVKLR----- : 974 
YenC2 : LNYIISNPDIEGGNAERLNGSYIFTQRLVGDVNQDFPACYNCSGIISGLENVMTGRVNNDV--RLKRRKSF---------- : 970 
YenC3 : ---IMWHFDLEPGHAGVSEGLYASEGE------VTFPL-YNRMK-ITSLQYLPEGRSYMDNPEQYGTSHRYIIKARMLPRS : 965 
                                                                                                



Supplementary Data 2: SAXS fitting of YenB/YenC3NTD and YenC3CTD 

 

To provide further support for the idea that YenC3CTD is encapsulated within the 

YenB/YenC3NTD shell, further analysis was performed using the SAXS data collected 

previously. The crystal structures of YenB/YenC3NTD and YenC3CTD were positioned relative 

to each other by fitting to the scattering curve of the YenB/YenC3NTD/YenC3CTD complex 

using SASREF (Petoukhov, M. V. & Svergun, D. I. (2005) Global rigid body modeling of 

macromolecular complexes against small-angle scattering data. Biophys J 89, 1237-1250 

https://doi.org/10.1529/biophysj.105.064154). This process placed the YenC3CTD 

structure inside the hollow cavity of YenB/YenC3NTD (Panel A), and the calculated 

scattering from this model provided a better match to the experimental data than the 

scattering data from YenB/YenC3NTD alone (Panels B and C). The model scattering does 

not perfectly match the experimental scattering, likely due to the cargo protein being in 

an unfolded, disordered state. These results provide direct experimental support to 

confirm that the C-terminal “cargo” of ABC toxins is indeed encapsulated inside the 

hollow shell formed by the TcB/TcCNTD protein complex. 

 



 

A Fitting of the YenB/YenC3NTD and YenC3CTD crystal structures resulted in the YenC3CTD structure 
being placed within the cavity of the YenB/YenC3NTD structure.  

B The theoretical scattering of the YenB/YenC3NTD model (black line) and its fit to the experimental 
scattering of YenB/YenC3NTD/YenC3CTD. c2 = 20.083.  

C The theoretical scattering of the complex shown in A (black line) and its fit to the experimental 
small-angle X-ray scattering of YenB/YenC3NTD/YenC3CTD (blue circles). Error bars (2 s) are shown 
in red. c2 = 7.75. 
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Figure S4. A Small-angle X-ray scattering of YenB/
YenC3NTD/YenC3CTD at different concentrations. Data 
are plotted on the absolute scale by normalisation 
against water. B Guinier plot. C P(r) curve 2.4 mg/
ml. A maximum particle dimension (Dmax) of 153.06 Å 
was used.



iii. FVYAGNTGAEK

i. HPDAPEVTNER

iv. TYTYDEASNLTQIR

ii. VNFSYLTDLAGGVLR

Supplementary Figure 5. Annotated spectra of the four unique peptides observed for YenC3. The highest scoring 

peptide-to-spectrum matches (PSMs) were used and all spectra were manually validated. 


