
The best understood route of 
endocytosis — the cellular process 
whereby cells internalize various 
molecules — is mediated by clathrin, 
a vesicular coat protein that is 
used as a membrane deformation 
scaffold. Recently, however, several 
clathrin-independent (CI) endocytic 
pathways have been described, 
and researchers have been looking 
(without success) for a coat molecule 
that would substitute for clathrin 
function.

In Nature, Johannes and co-work-
ers report an alternative mechanism 
of CI endocytosis, and show that 
the B-subunit of the bacterial Shiga 

toxin (STxB) — which binds 
the glycosphingolipid 

receptor 

globotriaosyl ceramide (Gb3) — can 
induce the formation of narrow 
tubular invaginations on the plasma 
membrane of target cells without the 
need for cytosolic factors.

Using various microscopy 
approaches, the authors monitored 
changes in cell membrane dynamics 
during the formation of membrane 
invaginations, which constitutes the 
first step of toxin uptake into cells. 
They observed numerous inward-fac-
ing STxB-containing tubular struc-
tures of variable length forming at the 
plasma membranes of cultured cells. 
The length and number of the tubules 
increased on energy depletion or 
on inhibition of dynamin and actin, 
which are important for the scission 
of tubules from the cell membrane 
in other endocytic pathways. These 
findings suggested that STxB could 
induce the formation of inward- 

facing tubules, whereas their sub-
sequent scission from the cell  

membrane required the  
activity of cellular factors.

To test this hypothesis, 
Johannes and colleagues 
reconstituted the process 
of tubule invagination in 
a minimal system, using 
model membranes in the 
absence of cellular proteins. 

They showed that tubular 
structures could only form 

when STxB was added to the 
membranes, and clusters of  

the toxin bound to its receptor 

(known as STxB–Gb3 cluster 
domains) were present at sites of 
membrane invagination before the 
tubules were detectable.

Is clustering of the toxin a 
requirement for membrane deform-
ation or a consequence of it? The 
authors addressed this question by 
keeping model membranes under 
high tension, thus preventing tubule 
formation. They observed that 
STxB–Gb3 cluster domains could 
still occur, which demonstrated 
that this event was not dependent 
on membrane deformation. Rather, 
the toxin itself induced the reorga-
nization of membrane lipids before 
formation of the tubules. 

The authors propose that the spe-
cific organization of STxB–Gb3 com-
plexes imposes a preferred curvature 
on the cell membrane that is required 
for toxin internalization. This cargo-
induced mechanism of endocytosis 
may also apply to invasion by other 
extracellular pathogens, such as 
viruses, and to the internalization of 
other molecules. 
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