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Chlamydia spp. are obligate intracellular bacteria that act as human pathogens, 
causing various forms of chlamydiasis. One of the virulence proteins essential for 
survival of the bacteria inside human macrophages is the macrophage infectivity 
potentiator, Mip. Mip proteins have been identified in several intracellular parasites, 
such as Chlamydia trachomatis [1], Legionella pneumophila [2], and trypanosoma 
cruzi [3].  
 
In order to shed light onto the complex mechanisms of intracellular infection, we are 
studying Mip proteins and other virulence proteins of Chlamydia spp. and Legionella 
spp.. We have already determined the crystal structure of Legionella pneumophila 
Mip [4]. The protein is a homodimer, with each polypeptide chain forming two 
domains that are connected by an extremely long (66 Å), isolated α-helix. The N-
terminal domain is completely α-helical and is responsible for the dimerization of the 
molecule, through the formation of an intermolecular four-helix bundle and what we 
call a methionine zipper [4]. The C-terminal domain resembles the human FK506-
binding protein, and indeed, Legionella Mip exhibits a peptidyl-prolyl cis/trans 
isomerase activity that is inhibited by FK506 ("tacrolimus"). We have also 
determined the structure of the Mip complex with FK506 and located the drug in the 
binding site for the substrate peptide [4].  
 
Legionella Mip is a very basic protein, with a pI of above 9. In contrast, the 
orthologous protein from Chlamydia spp. is acidic. This property appears to be 
connected to the location of the protein and its function. In addition to the expected 
peptidyl-prolyl cis/trans isomerase activity, we found a general chaperone function 
for Chlamydia Mip but not for Legionella Mip [5]. Bacterial chaperones involved in 
effector injection from bacteria into a host cell, i.e. via type III or IV secretion 
systems, are usually acidic, homodimeric proteins, often with a C-terminal α-helix.  
 
We are working on the structure determination of the Mip proteins from Chlamydia 
pneumoniae and Chlamydia trachomatis. Various crystal forms were tested at 
beamline X13, but the experiments showed that the diffraction quality of the crystals 
will have to be improved to allow structure elucidation.   
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