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Fig. 4 – Structural dynamics of the heme binding and flipping mechanism. (a) Representative snapshots of MD 
simulations showing the lateral diffusion and entry of heme to the membrane-accessible binding cavity of 
CydDC. (b) Closeup views show that once heme interacts with the electrostatic surface and the interior of the 
binding cavity of CydDC, a 90° rotation occurs that orients the propionate groups of the porphyrin macrocycle 
horizontally. A second 90° rotation takes place upon bilateral axial coordination via H85C and H312D, which 
results in a complete flip of the heme molecule compared to its conformation when immersed freely within the 
lipid bilayer. 
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Fig. 5 – Signal transduction between TMH and NB domains. (a) Mechanism of conformational coupling between 
TMH and NB domains. Occlusion of the lateral substrate gate induces conformational changes of TMs 4 & 5 of 
CydD causing a rotational movement of NBDC via coupling helix 2 (CH2D). No conformational coupling between 
TMs of CydC and NBDD is observable. Dark blue, CydC; light blue, CydD; dark pink, CydC; light pink, CydD. (b) 
Surface representation of NBD-NBD interactions in proximal and distal view. Cross section top view on the level 
of the nucleotide-binding sites (NBS) shows distinctly different NBD conformations. 𝐈𝐅!"#$

!%& , blue; 𝐈𝐅'&()*(+,-+$+ , 
magenta; 𝐎𝐜𝐜.+/0.(

!%& , purple. (c) Closeup view of nucleotide-binding pockets in different conformational states 
and nucleotide occupancies. Conserved structural motifs of the nucleotide-binding and hydrolysis sites are 
highlighted. ATP, green; ADP, purple; AMP-PNP, grey; phosphate, orange; Mg2+, yellow. 
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Fig. 6 – Schematic model of heme transport facilitated by CydDC. Energy of ATP hydrolysis at NBDC converts 
CydDC from the 𝐎𝐜𝐜.+/0.(

!%&  state to the 𝐈𝐅!"#$
!%&  state. Binding of heme to its dedicated pocket causes closing of 

the lateral substrate gate and triggers the release of ADP + Pi caused by conformational changes of the 
nucleotide-binding site of CydC. Transport of heme does occur independent of ATP hydrolysis but requires 
binding of ATP. Separation of TM lobes and rearrangement of residues around the heme-binding pocket cause 
the release of heme either towards the periplasmic space or to the periplasmic bilayer leaflet of the membrane.  
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