Microsymposia
Rachel S. Wallace,a John D. Lambris,b Piet Gros, a aCrystal and
Structural Chemistry, Bijvoet Center for Biomolecular Research,
Department of Chemistry, Faculty of Science, Utrecht University,
Padualaan 8, 3584 CH Utrecht, (The Netherlands). bDepartment of
Pathology & Laboratory Medicine, University of Pennsylvania, 401
Stellar Chance, Philadelphia, PA 19104, (USA). E-mail: f.forneris@
uu.nl
Activation of the complement cascade involves multiple
proteolytic reactions mediated by large macromolecular complexes.
Upon initiation, the three complement pathways converge into the
critical step of the conversion of C3 to its activated form C3b by means
of short-lived enzymatic complexes called C3 convertases. These
convertases amplify C3b production near target surfaces, resulting
in opsonization of target cells, activation of the complement terminal
pathway and stimulation of the adaptive immune response. Generation
and activation of complement convertases are multi-step processes
that require localization of serine protease-containing proenzymes
on large protein subunits. The interplay between formation of large
multi-domain enzymes, extensive conformational changes and specific
proteolytic cleavages highlights the complexity of the complement
system.
We investigated the process of convertase formation in the
alternative pathway of complement. In this pathway, the C3 convertase
complex is generated when the proenzyme factor B (FB) interacts with
surface-bound C3b to form the pro-convertase C3bB, which is then
specifically cleaved by the soluble, self-inactivated serine protease
factor D (FD), yielding the active yet unstable C3 convertase C3bBb.
We present here the crystal structures of the pro-convertase
complex C3bB, formed by C3b (12 domains, 160 kDa) with factor B (5
domains, 90 kDa) at 4-Å resolution and the transient complex formed
by C3bB with an inactive mutant of factor D (1 domain, 27 kDa) at
3.5-Å resolution. In agreement with previously published electron
microscopy data, our structures highlight the equilibrium between an
initial (closed/loading) state and a subsequent (open/activation) state
of factor B. The structures reveal unexpected conformational changes
that create the “open” state which exposes the scissile loop of FB for
proteolytic cleavage. In the C3bBD* complex, we show how the open
state of FB provides a docking platform for factor D distant from its
catalytic site, which has been caught in an activated conformation.
Additional biochemical and biophysical analyses confirm the
observed structural features and reveal a highly concerted and specific
activation mechanism based on cofactor-dependent and substrateinduced proteolysis, which provides an important “double-safety” catch
to restrict complement amplification to C3b-tagged target cells. By
adding new frames to the “structural movie” of complement activation,
our data also provide new valuable information for potential structurebased drug design of complement inhibitors.
[1] F. Forneris, D. Ricklin, J. Wu, A. Tzekou, R.S. Wallace, J.D. Lambris, P.
Gros, Science 2010, 330, 1816-1820.
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Gram-negative bacteria express different classes of adhesive
surface organelles that allow them to specifically bind and infect
human cells. Among them, the chaperone-usher (CU) fibers constitute
the most abundant group of bacterial cell surface appendages and have
been the most extensively studied [3]. Type 1 pili are the archetypal
representative of this class of adhesive multisubunit fibres. During
pilus assembly, subunits dock as chaperone-bound complexes to an
usher platform which catalyses their polymerization and mediates
pilus translocation across the outer membrane. We report the 2.8 Å
crystal structure of the usher (FimD) in its active conformation, bound
to the chaperone (FimC) and adhesin subunit (FimH) complex [1].
The structure shows the adhesin subunit inserted inside the usher 24stranded -barrel translocation channel, held in place through interactions
with the two C-terminal periplasmic domains of the usher (CTD1 and
CTD2). To accommodate the adhesin subunit, the usher plug domain
is displaced from the barrel lumen to the periplasm, concomitant with
a dramatic conformational change in the β-barrel [2]. The displaced
plug positions the N-terminal domain of the usher (NTD) in an ideal
conformation to catalyse incorporation of the next recruited chaperone:
subunit complex. The usher:chaperone:adhesin subunit (FimD:
FimC:FimH) structure captures the first view of a membrane protein
transporter in the act of secreting its cognate substrate, giving insight
into the molecular mechanism of the pilus assembly and certainly will
serve as a new basis for drug-design.
[1] G. Phan, H. Remaut, T. Wang, W.J. Allen, K.F. Pirker, A. Lebedev, N.S.
Henderson, S. Geibel, E. Volkan, J. Yan, M.B.A. Kunze, J.S. Pinkner, B. Ford,
C.W. McKay, H. Li, S. Hultgren, D.G. Thanassi, G. Waksman, Nature submitted.
[2] H. Remaut, C. Tang, N.S. Henderson, J.S. Pinkner, T. Wang, S.J. Hultgren,
D.G. Thanassi, G. Waksman, H. Li, Cell 2008, 16, 640-652. [3] G. Waksman,
S.J. Hultgren, Nature Review Microbiology 2009, 7, 765-767.

Keywords: microbial, transporter, pilus

MS.02.1
Acta Cryst. (2011) A67, C24-C25

Cryo–EM of the ribosome–SecYEG complex in nanodiscs
R. Beckmann,a J. Frauenfeld,a J. Gumbart,b K. Schulten,b aGene
Center, Department for Biochemistry and Munich Center For
Integrated Protein Science (CIPSM), University of Munich, Feodor–
Lynen–Str. 25, 81377 Munich, (Germany). bDepartment of Physics,
Beckman Institute, University of Illinois at Urbana–Champaign,
Urbana, IL, 61801, (USA). E-mail: beckmann@lmb.uni-muenchen.
de
The ubiquitous SecY/Sec61–complex translocates nascent
secretory proteins across cellular membranes and integrates
membrane proteins into lipid bilayers. Several structures of mostly
detergent solubilized Sec–complexes have been reported. Here, we
solved a single–particle cryo–electron microscopy structure of the
SecYEG complex in a membrane environment at sub–nanometer
resolution, bound to a translating ribosome. Using the SecYEG
complex reconstituted in a so–called Nanodisc, we could trace the
nascent polypeptide chain from the peptidyl transferase center into
the membrane. In order to build a near complete molecular model
we used existing X-ray structures, homology models and Molecular
Dynamics-based models of the nanodisc, and docked them into our
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density map using the MDFF method (Molecular Dynamics Flexible
Fitting). The structure allowed for the identification of ribosome–
lipid interactions. The rRNA helix 59 (H59) directly contacts the
lipid surface and appears to modulate the membrane in immediate
vicinity to the proposed lateral gate of the PCC. Based on our map
and molecular dynamics simulations we present a model of a signal
anchor–gated PCC in the membrane.
Keywords: cryo-EM, SecYEG, MDFF,
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Assembly of quasi-equivalent virus capsids engages molecular
switches to create different interface contacts between the same gene
products. The particle often assembles as a fragile, spherical shell in
which the subunits are properly positioned on the appropriate surface
lattice and then quasi-equivalent subunit contacts differentiate during
maturation, creating a robust, faceted particle. Folding of the switch
regions of the subunit depends on assembly and maturation that are
affected by biochemical cues. NwV is a quasi-equivalent virus, with a
T=4 surface lattice, where this process is dramatic (a change in particle
size of 100Å during maturation) and can be investigated in vitro.
Here we use biochemistry [1], Small Angle X-ray Scattering [2] and
electron cryo-microscopy and image reconstruction (CryoEM) [3] to
characterize maturation intermediates and an associated auto-catalytic
cleavage, the kinetics of morphological change and to demonstrate that
regions of NwV subunit folding are maturation-dependent and occur at
rates determined by their quasi-equivalent position in the capsid.
[1] T. Matsui, G. Lander, J.E. Johnson, J Virol 2009, 83, 1126-1134. [2] T.
Matsui, G. Lander, R. Khayat, J.E. Johnson, Proc. Natl. Acad. Sci. USA, 2010,
107, 14111-5. [3] T. Matsui, H. Tsuruta, J.E. Johnson, Biophys J. 2010, 98,
1337-43.
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(cryoEM) has less stringent requirement for sample purity and
quantity than x-ray crystallography and NMR but resolution achieved
by cryoEM is often limited to nanometer or molecular resolutions, thus
severely limited its value and application in biomedical research.
Recently, several cryoEM structures have crossed the resolution
barrier of 4 Å. This progress in cryoEM was made possible by a number of advancements, such as atomic-resolution image acquisition and
efficient molecular model building. Of special note, the structure of
the human adenovirus has been determined by both methods of cryoEM and x-ray crystallography, independently by two groups. Here we
provide the first direct comparisons (Figure 1) of these cryoEM [1]
and x-ray structures [2], at resolutions of 3.6 Å and 3.5 Å, respectively.
This comparison shows an excellent match between the structures of
the “major” proteins, revealed by the cryoEM and x-ray structures of
the human adenovirus. It also highlights significantly richer information content in the cryoEM structures of the three “minor” proteins
IIIa, VIII and IX, which play essential role in adenovirus assembly
and genome packaging. In particular, extended regions in these proteins that are involved in molecular interactions are resolved in the
cryoEM structure, but not in the x-ray structure. These results support
our argument that cryoEM offers advantages over x-ray crystallography in studying the structure of large macromolecular complexes
with flexible and transiently stable structural elements [3].
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Figure 1. Comparison of cryoEM and
XDR structure of
the human adenovirus. (A) CryoEM
atomic model. (B-C)
Minor protein IIIa.
(D-E) Minor protein
VIII. (F) CryoEM
model of protein IX.

[1] H. Liu, L. Jin, S.B. Koh, I. Atanasov, S. Schein, L. Wu, Z.H. Zhou. Science
2010, 329, 1038-1043. [2] V.S. Reddy, S.K. Natchiar, P.L. Stewart, G.R.
Nemerow, Science 2010, 329, 1071-1075. [3] Supported in part by NIH grants
GM071940 and AI069015.
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Structural information of macromolecular complexes in the form
of atomic coordinates is essential to uncovering the mechanisms
of action of biological functions and to designing compounds for
therapeutic interventions of human diseases. X-ray diffraction and
Nuclear magnetic resonance spectroscopy (NMR) have been very
successful in solving atomic structures of biomedical importance and
are the primary contributors of atomic structures determined to date.
The emerging technology of single-particle cryo electron microscopy
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Protein folding is assisted by molecular chaperones. CCT
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