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The following commentary was written by Dr Clare Sansom, Dr R.Fronzes and Prof G.Waksman. The original 
article was published in the January 9, 2009 issue of Science [1]: Fronzes R, Schäfer E, Wang L, Saibil HR, Orlova 
EV, and Waksman G. Science, 2009, 323(5911), 266-8 
 

 

 
 
 
 

Gram negative bacteria have a cell wall made 
of two membranes separated by a thin layer 
of peptidoglycans. They often need to release 
macromolecules into their environment, a 
process that is known as secretion. This 
process is common to all living cells but is 
particularly complicated across this double 
membrane. Gram negative bacteria have, 
therefore, evolved a number of different 
types of specialist “molecular machine” for 
this function, six of which have so far been 
identified. They are believed to have evolved 
separately and have distinct mechanisms. 
Until recently, detailed structural information 
was available only for the type III secretion 
system [2], which is found in pathogens 
including Yersinia pestis, the cause of bubonic 
plague.  Now, however, a group led by Gabriel 
Waksman FMedSci, the director of the 
Institute of Structural and Molecular Biology 
(ISMB) and head of the departments of 
Biochemistry and Molecular Biology at 
University College, London, and 
Crystallography at Birkbeck, has obtained 
some important information about the 
structure and, thus, the mechanism of the 
type IV secretion system [1]. 
 
The overall function of the type IV secretion 
system is to transport large molecules, such as 
proteins and nucleic acids, across the Gram 
negative bacterial cell wall. It has been best 
studied in Agrobacterium tumefaciens, which 
causes tumours in plants. There, the complete 
complex comprises 12 different proteins, with 

a core of four: these four have been named 
VirB7, VirB8, VirB9, and VirB10 [3]. Waksman 
and his colleagues first cloned and expressed 
these genes, and showed that VirB7, VirB9 and 
VirB10 form a complex with equal numbers of 
each protein present. They then, working with 
Helen Saibil FRS from Birkbeck, visualised 
these complexes (known as core complexes) 
using negative stain electron microscopy. This 
revealed ring-like and multi-layered particles, 
corresponding to structures viewed down and 
across the membrane respectively. The ring-
like structures showed clear 14-fold symmetry, 
indicating that there are fourteen copies of 
each of the three molecules in each complex. 
 
Cryo-electron microscopy was used to 
visualise the structure of the complex at 15Å 
(1.5x10-10m) resolution. This revealed a two-
layer, double-walled structure, with the inner 
wall of each layer forming a hollow chamber 
[Figure 1]. Further investigations (described 
below) placed one layer close to the inner 
membrane and the other close to the outer 
one, so they were named the inner (I) and 
outer (O) layers respectively. The inner layer 
is closed off at the base, resembling a cup; its 
two walls merge together at the base of the 
cup, and its outer edge is linked to the outer 
layer by thin linkers. That outer layer consists 
of a main body and a narrower cap on the 
outermost side of the complex [Figure 1].  
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Figure 1: Cryo-EM structure of the VirB7-VirB9-VirB10 core complex. A. Side-view. B. Cut-away side view 
 

 
The group then used limited proteolysis to 
remove parts of the proteins and imaged the 
complexes formed from the remaining 
proteins, in order to locate the individual 
proteins within the complex. Two different 
sub-complexes assembled and could be 
visualised. A complex in which the N-terminal 
part of VirB10 had been deleted had the base 
of the inner layer missing; as this was already 
known to insert in the inner membrane, this 
finding located that layer in the inner 
membrane, thus enabling the group to orient 
the complex. A second sub-complex, with the 
N terminal parts of both VirB9 and VirB10 
removed, showed an intact outer layer. This 
indicated that the outer layer is composed of 
the C terminal regions of VirB9 and VirB10, 
and the whole of VirB7. 

 
With that knowledge, the group were able to 
fit known atomic coordinates of individual 
proteins roughly into the lower-resolution 
electron density of the intact complex. 
Waksman and co-workers had previously 
shown the structure of the C-terminal part of 

VirB9 bound to VirB7 - both now located close 
to the outer membrane – to contain a three-
stranded beta structure protruding from a 
beta barrel [4]. They now hypothesise that 
this will form one of the walls of the O layer 
cap. The known structure of a protein related 
to the C terminal part of VirB10 [4] could be 
fitted into the wall of the main part of the O 
layer.  
 
These results led the group to propose a 
model of the core of the type IV secretion 
system that is embedded in both bacterial cell 
membranes and spans the distance between 
them [Figure 2]. This model is completely 
different from the structure of the type III 
secretion system [2]. The type IV secretion 
system is likely to have evolved in order to 
allow bacteria to secrete large proteins and 
protein-DNA complexes. Its substrates include 
the pertussis toxin, which is involved in the 
pathogenesis of whooping cough, and 
knowledge of its structure and mechanism 
may help in the development of treatments 
for this and other diseases. 
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Figure 2: Localization of VirB7/VirB9 (pink) and VirB10 (blue) within the cryo-EM structure of the wild-type core 
complex. Model of insertion in the bacterial membranes. 
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