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β-barrel membrane proteins are com-
posed of multiple antiparallel β-strands 
and form pores in the outer membranes of 
endosymbiotic organelles like mitochon-
dria and the evolutionary related Gram-
negative bacteria. These β-barrel channels 
are crucial for signal transduction, metab-
olite transport, and protein translocation.

How are β-barrel membrane proteins 
assembled into the outer membrane? After 
synthesis, β-barrel proteins have to be 
transported to the inner face of the outer 
membrane, where specific machineries 
assemble the β-barrel proteins into the 
membrane. In bacteria the β-barrel pre-
cursor proteins are synthesized in the cyto-
sol, secreted across the inner membrane 
by the Sec translocase, and subsequently 
transferred by periplasmic chaperones to 
the β-barrel assembly machinery (BAM) 
of the outer membrane (Fig. 1).1

In eukaryotic cells, the vast majority of 
mitochondrial proteins, including β-barrel 
precursors, are encoded in the nucleus and 
synthesized outside of the organelle. The 
translocase of the outer mitochondrial 
membrane (TOM) facilitates the import 
of these proteins into mitochondria. The 
receptor proteins Tom20, Tom22, and 
Tom70 recognize the precursors, and the 
β-barrel protein Tom40 forms the essential 
protein import channel in the mitochon-
drial outer membrane.2 After translocation 
across the outer membrane hydrophobic 
precursors engage with chaperones in the 
intermembrane space. β-barrel precur-
sors contain a C-terminal β-signal, which 
is recognized by the sorting and assem-
bly machinery (SAM/TOB) of the outer 

mitochondrial membrane (Fig. 1).3 The 
SAM complex is comprised of 3 main 
subunits. The core subunit Sam50 is a 
β-barrel membrane protein itself. Sam50 is 
homologous to the core subunit of the bac-
terial β-barrel assembly machinery, called 
BamA, and both proteins are members of 
the Omp85 protein family.2 Sam37 and 
Sam35 are located on the cytosolic leaf-
let of the mitochondrial outer membrane 
and are not related to other bacterial BAM 
lipoprotein subunits.1,2

Mitochondrial β-barrel proteins have 
retained the ability to assemble into the 
bacterial outer membrane and vice versa.4 
Therefore, it is assumed that the mecha-
nism of β-barrel formation and membrane 
insertion by the bacterial BAM complex is 
similar to the mitochondrial SAM complex. 
Studies with the reconstituted BAM com-
plex imply that the SAM/BAM complexes 
are sufficient for the folding and insertion 
of β-barrel proteins into membranes.5 By 
introduction of cysteine residues at defined 
positions of the precursor and monitor-
ing of formed disulfides, the formation of 
mature β-barrels could be demonstrated 
in mitochondria. The β-barrel was folded 
and inserted into the outer membrane, 
while the precursor was in contact with 
the SAM complex.6 The essential compo-
nents Sam50 and BamA play a crucial role 
for β-barrel formation in vivo.1,2 Structural 
data of BamA indicate that a lateral release 
of the substrate β-strands from the SAM/
BAM channel into the membrane might 
be feasible.2,3,7 Alternatively, Sam50/
BamA might act as scaffolds for β-barrel  
formation in the outer membrane.

Surprisingly efficient β-barrel folding 
in mitochondria also depends on Tom22, 
the central import receptor of the TOM 
complex. How can the import of β-barrel 
precursors by the TOM complex affect 
the folding of the barrel at the SAM com-
plex? Qiu et al. show by affinity purifi-
cation and native gel electrophoresis 
that TOM and SAM form a supercom-
plex at a 1:1 ratio, and that the cytosolic 
receptor domain of Tom22 is crucial for 
supercomplex formation.6 These results 
support a new model for the biogenesis 
of β-barrel proteins in mitochondria. 
Upon its translocation through the 
TOM complex the C-terminal β-signal 
is transferred to the adjacent SAM com-
plex. β-signal binding to SAM initiates 
β-barrel assembly, and the consecutive 
β-strand association during barrel for-
mation might pull the precursor through 
the TOM complex. Thus, protein import 
and β-barrel folding in mitochondria are 
coupled by the TOM–SAM supercom-
plex (Fig. 1).6 However, it is assumed 
that TOM complexes are more abundant 
than SAM complexes, and therefore only 
some of the TOM complexes are part of 
a TOM–SAM supercomplex. This raises 
the question of how β-barrel precursors 
in the cytosol selectively recognize the 
TOM–SAM supercomplexes. One pos-
sibility is that the cytosolically exposed 
subunits of the SAM complex target the 
β-barrel precursors specifically to TOM-
SAM supercomplexes. Supporting this 
notion, Sam35 binds the β-signal of the 
precursor, and Sam37 was initially iden-
tified as protein import receptor.3,8 
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Figure 1. Model of β-barrel membrane protein biogenesis in mitochondria and bacteria. β-barrel 
precursor proteins are synthesized in the cytosol of bacteria and eukaryotic cells. Mitochondrial 
β-barrel precursors are imported by the TOM–SAM supercomplex composed of the translocase 
of the outer membrane and the sorting and assembly machinery. Chaperones help to shield the 
precursors on the intermembrane space side of the supercomplex. In bacteria, β-barrel proteins 
are transported across the inner membrane by the Sec translocase. Periplasmic chaperones are 
required to transfer the precursors to the bacterial β-barrel assembly machinery (BAM) in the outer 
membrane. The SAM and BAM complexes mediate β-barrel folding and membrane insertion into 
the outer membranes. Figure modified from reference 2 and from video related to reference 6.


