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The talk is about recent molecular dynamics (MD) simulations of the functional mechanisms of 

bacterial transporters. Both an ABC transporter (TM287/288)[1-4] and a transporter from the 

major facilitator superfamily (MHAS2168)[4] will be covered.    

 

ABC transporters couple ATP binding and hydrolysis in the nucleotide-binding domains 

(NBDs) to large-scale conformational changes of the transmembrane domains (TMDs), which 

ultimately lead to the translocation of substrate molecules across biological membranes. Despite 

the progress in the determination of high-resolution structures of substrate-bound ABC 

exporters, the inherently dynamic mechanisms of substrate transport remain unclear at the 

atomic level. Our all-atom MD simulations visualize how substrate molecules are translocated 

by the heterodimeric ABC exporter TM287/288 from T. maritima. Unguided multi-microsecond 

MD simulations show how the drugs daunorubicin and verapamil, which were initially docked 

into the inward-facing (IF) conformation of the transporter, move through the protein by 

following its large-scale alternating access transition from the initial IF conformer via an 

occluded intermediate to an outward-facing (OF) state. Substrate reuptake is prevented by 

marked differences between the IF and OF conformations concerning the hydration of the TMD 

inner cavity, which leads to an affinity difference between the two conformations and ultimately 

triggers the dissociation of the drugs from the OF conformation.  

 

The second part of the talk is about the MFS transporter MHAS2168 from M. hassiacum, a 

homologue of Rv1410 from M. tuberculosis. Together with the periplasmic lipoprotein LprG, 

Rv1410 is involved in the transport of triacylglycerides (TAGs), which seal the mycomembrane. 

X-ray crystallography and cryo-EM structures of MHAS2168 show an OF conformation, with 

unusual extensions of TM helices 11 and 12 into the periplasm. Based on these experimental 

data, augmented by molecular docking and Alphafold modelling, a TAG-bound model of the 

MHAS2168-LprG complex was constructed, followed by extended coarse-grained MD 

simulations. The MD simulations show the spontaneous loading of TAG from a cavity in the 

transporter along TM helices 11 and 12 into the hydrophobic cavity of LprG, which is a key step 

in the functional transport mechanism.   

 

Taken together, the combination of experimental and computational structural biology enabled 

us to propose functional mechanisms for both, the ABC exporter and the MFS transporter 

studied. These mechanistic working cycles will be discussed.   
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