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Secretins are major constituents of bacterial type III secretion systems (T3SS). In this issue of Structure,
Kowal and colleagues report on the cryo-EM structure of the native YscC secretin from Yersinia, revealing
its internal symmetry and mode of length adaptation.
Type III secretion systems (T3SS),

also called injectisomes, are important

virulence factors in several well-known

Gram-negative bacterial pathogens,

including Shigella flexneri, Pseudomonas

aeruginosa, Salmonella typhimurium,

and Yersinia sp. By acting as sophisti-

cated molecular needles, T3SS actively

translocate effector proteins from the

bacterial cytoplasm directly into the

host cell to support an infection by spe-

cifically subverting host cell pathways

and processes (Coburn et al., 2007).

The T3SS forms a >3 MDa syringe-

shaped structure, which is made up

of less than 25 distinct proteins

forming the bacterial inner and outer
Figure 1. Class Averages of Side Views Demonstrate Substantial
Flexibility of the YscC Secretin Peripheral Extensions
These petals (dark yellow) represent the N-terminal domain and are attached
to the protease-resistant YscC core (purple/blue) by flexible hinges. The outer
membrane ring is embedded in the lipid bilayer, indicated in pink.
Figure courtesy of Kowal et al. (2013).
membrane-spanning basal

body, the extracellular nee-

dle, and the translocon,

which is inserted into the

host cell membrane.

Over the last 10 years,

considerable progress has

been made on the structural

elucidation of T3SS from

different bacteria, including

Shigella, Salmonella, patho-

genic E. coli, and Yersinia.

The clever combination of

electron microscopy (EM),

X-ray crystallography, and

nuclear magnetic resonance

(NMR) spectroscopy led to

strikingly detailed models

of assembled needle com-

plexes (reviewed by Kosare-

wicz et al., 2012; Bergeron

et al., 2013). The recent

in situ structure determina-

tion of whole injectisomes

from Shigella flexneri and

Yersinia enterocolitica re-

vealed remarkable structural

dynamics, with the size of

the basal body being able
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to fluctuate by up to 20% (Kudryashev

et al., 2013).

Secretins are well conserved multido-

main proteins that form large cylindrical

homo-oligomeric assemblies in T3SS as

well as a number of other multiprotein

secretion systems (Korotkov et al.,

2011). In its assembled homooligomeric

structure, it constitutes the outer mem-

brane pore of the basal body, where it

provides a channel for the injectisome

needle. Secretins directly interact with

the inner membrane ring components,

thus bridging the periplasmic space.

Abundant structural information is

available on various secretins from dif-

ferent secretion systems with high re-
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solution structures of individual domains

and EM reconstructions leading to

models of secretin ring complexes with

different spatial resolutions (Korotkov

et al., 2011).

In this issue of Structure, Kowal et al.

(2013) contribute new structural insights

on the secretin YscC from Yersinia

enterocolitica, which have important

functional implications for injectisome

dynamics and assembly. The 12 Å cryo-

EM structure of the native YscC complex

reconstituted into proteoliposomes not

only revealed its overall dodecameric

symmetry, but also showed pronounced

periplasmic extensions, named petals,

linked by flexible regions to the outer
membrane secretin core

(Figure 1). The authors sug-

gest that the loosely ordered

and protease-sensitive petals

not only link YscC to inner

membrane component YscD,

but also contribute to length

adaptation of the basal

body, e.g., under osmotic

stress. In addition, experi-

mental data are presented

for the first time, demon-

strating how a secretin inte-

grates into the lipid bilayer.

The structure nicely supports

the previously suggested

outside-in assembly model

(Diepold et al., 2010) in which

the outer membrane protein

YscC serves as an assembly

platform for the entire injec-

tisome. Compared to the

structures of the secretins

InvG from S. typhimurium

(Schraidt andMarlovits, 2011)

and MxiD from S. flexneri

(Hodgkinson et al., 2009),

both the size of the petals

and the arrangement of the
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inner gates show remarkable differences,

while the outer membrane parts are well

conserved.

Kowal et al. (2013) have achieved a

breakthrough in deciphering the internal

rotational symmetry of the YscC com-

plex despite the moderate spatial resolu-

tion. The previously published 13-fold

symmetry of YscC (Burghout et al.,

2004) was rather inconsistent, consid-

ering the prevalent 12-fold symmetry of

many other secretin complexes. To

determine the rotational symmetry of a

cylindrical complex by electron micro-

scopy, image contrast and structural

preservation of the sample have to be

optimal. Negative staining provides high

contrast but does not always warrant

sample conservation. Erroneous results

may emerge from such samples: in

particular, when a reference with pre-

sumed symmetry is used for image

alignment. Because the contrast in

images of frozen, well preserved YscC

complexes was too small for symmetry

determination, Kowal et al. (2013)

analyzed axial projections of negatively

stained YscC cylinders using multiple

algorithms to substantiate the 12-fold

symmetry. Mass measurements of the

YscC complex by STEM and cryo-elec-

tron tomography of lipid-embedded

YscC confirmed the dodecameric nature

of the YscC secretin. Subsequent refine-

ments of the structure calculated from

projections of vitrified YscC secretins
imposing symmetries of order 3, 4, and

6 demonstrated that the complex is, in

fact, a dodecamer.

The spatial resolution of the described

YscC complex structures currently pre-

cludes the precise localization of indi-

vidual YscC domains. Molecular mecha-

nisms, such as gating for translocation

of needle components or effectors as

well as secretin assembly, can only be

explained by much higher resolution

structures. However, the observation of

the flexible periplasmic domains has clear

functional implications. As the protease-

resistant C-terminal core of YscC is well

defined, labeling this core with nanogold

clusters could provide a strong signal for

aligning projections and achieving a

much higher resolution. Alternatively,

embedding YscC in two-dimensional

regular arrays suitable for electron crys-

tallography should ultimately provide

atomic resolution.

Infections by Gram-negative bacteria

pose a dramatically increasing problem

in the clinic due to their resistance to

multiple antibiotics and lack of novel

antibiotics. The T3SS represents an

attractive target for novel antibiotics

against Gram-negative bacteria in multi-

ple ways (Raska and Sperandio, 2010).

The detailed knowledge on both the

conserved structure of the secretin core

as well as the assembly process of the

basal body could pave the way for new

strategies in this direction.
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