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The intrinsic (mitochondrial) pathway of apoptosis is regulated negative-

ly or positively by anti-apoptotic and pro-apoptotic members of the Bcl-2 fam-
ily of proteins. An anti-apoptotic member of this family, Bcl-2, is among three 
dominant inhibitors of apoptosis. The mitochondrial localization of this pro-
tein is essential for its anti-apoptotic function. In many types of neurons of 
human central nervous system (hCNS), mitochondrial targeting of Bcl-2 uses 
FKBP38, an integral mitochondrial outer membrane (MOM) protein [1]. The 
behavior of Bcl-2 after its association with FKBP38 remains little understood. 
Here, computational structural biology tools were used to gain structural in-
sights into the dynamics of Bcl-2 after its association with FKBP38 in healthy 
(nonapoptotic) cells and under apoptotic conditions. The combination of re-
mote homology modeling meta-predictor PHYRE with the iterative threading 
assembly refinement (I-TASSER) protocol and the MEMOIR system for ho-
mology modeling of membrane proteins were used to predict the full-length 
structure of FKBP38. The modeling of the atomistic 3D-structure of the 
FKBP38/Bcl-2 complex was performed in a stepwise fashion using a four - 
staged computational molecular docking protocol PIPER ‒ ROSETTADOCK 
‒ GalaxyRefineComplex – ROSETTADOCK (abbreviated by PRGRCR). The 
modeling showed the existence of two hinge regions within the loops between 
helices α7, α8 (hinge region 1, HR1, Asn192Gly193Gly194) and α8, α9 (hinge 
region 2, HR2, Gly203). We suggested the insertion of helix α9 into the mito-
chondrial outer membrane due to rotations of helices α8 and α9 about these 
hinge regions. To address this issue, a ‘Hinge Bending-GalaxyRefine-
GalaxyRefineComplex-RosettaDock strategy’ (abbreviated as HBGRGRCR), 
was used. With this strategy, the dihedral angles of the backbone of the hinge 
groups residues were first subjected to changes at 30° intervals until the at-
tainment of the virtual insertion of helices α9 of Bcl-2 into the membrane fol-
lowed then by the refinement procedure using the GalaxyRefine and Gal-
axyRefineComplex protocols. The application of this strategy has shown the 
insertion of the α9 helix into the MOM. 
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