WEEZEeE How well do we understand
macromolecular crystals?
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In X-ray structure determination, the R-value reports
how well a model agrees with the experimental data. In
small molecule crystallography, R-values of 3% are
routinely reached. However, for biological
macromolecules, R-values are normally around 20% and
even when the data extend to atomic resolution, the
average R-value is 14%.

This is clear evidence that something is amiss; our
current models of macromolecular crystal structures seem
to be lacking. But what is this difference between our
models and reality and how would we observe this
difference, given that our assumptions about
macromolecular structures are used to generate phases
(and hence electron density) in the first place?

In this talk, some answers to these questions will be
presented. It will also be shown how model deficiencies
hamper in particular the structure determination of
problematic structures, such as membrane proteins and
large macromolecular complexes. In these cases, only
low resolution data might be available and the poor phase
estimates currently obtainable result in noisy electron
density maps. A better understanding of the shortcomings
in our current models (and methods) could be an
important factor to solving the most difficult structures
and to improving the others.
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Membrane-bound pyrophosphatases couple transport of
protons and/or sodium-ions through the biological
membrane to pyrophosphate hydrolysis or synthesis (1).
They occur in plants and in unicellular organisms and are
crucial for abiotic stress tolerance (2). mPPases are
dimeric, with both monomers having 16 trans-membrane
helices (TMHs) and one continuous active site with
distinctive regions for PP, binding and ion transport (3).
PP. binding drives the closure of the cytoplasmic active
sitt and thus mPPases utilize an alternate-access
mechanism for ion pumping. PPi hydrolysis is carried by
an activated water molecule, which is coordinated
between two conserved aspartates (4). Two new
structures of different membrane-bound
pyrophosphatases: a sodium-pump from Thermotoga
maritima with bound sodium and competitive inhibitor,
imidodiphosphate (IDP), and the Vigna radiata
proton-pump with one phosphate bound reveal the
movements of inner ring and outer ring TMHs and the
corresponding opening and closing of the binding pocket.
The structures reveal a hitherto unknown sodium-binding
site and confirm our earlier hypothesis that the
electrophilic phosphate group is released first from the
active site (3, 5). Together with recent functional data, the
structures also confirm our earlier hypothesis that
TMH12 movement plays a role in ion pumping, likely by
driving the formation of the periplasmic/lumenal exposed
conformation of the enzyme. The structures also suggest
a model for how the coupling between ion pumping and
PP. hydrolysis is ensured by movement of TMHs 6 and
16, which brings the conserved aspartates into the correct
position for catalytic water coordination only in the
ion-bound state of the enzyme. These changes allow us
to propose how proton-pumping evolved from
sodium-pumping in mPPases.
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Pathogens modify host cell responses through a
ensample of proteins ejected into the host through a
syringe-like bacterial secretion system. One of the ways
the cellular responses are modified to assure pathogen
survival and proliferation inside the host is to highjack
and redirect host signaling pathways. Bacterial effector
kinases are among the tools to do just that. Kinases
NleHI and NleH2 from pathogenic E. coli, OspG from
Shigella, SteC and SboH from Salmonella, LegK1-4 from
Legionella and YspK and YpkA from Yersinia represent
currently known effector kinases. Sequence analysis of
these kinases indicates that some of them were derived
from eukaryotes via horizontal gene transfer (SteC,
LegK1-4, YpkA). Other kinases (NleH, OspG, SboH and
YspK) have been so far identified only in the pathogenic
bacteria. Structural investigations showed that NleH and
OspG contain only a core kinase fold and lack the
regulatory activation loop. While NleH is fully active on
its own, OspG activity is stimulated by ubiquitin and even
more by the ubiquitin-conjugating enzyme E2-ubiquitin
complex. The structure of OspG:UbcH7-Ub complex and
mutational analysis of OspG suggest the mechanism of
OspG activation. Both NleH and OspG inhibit the NF-kB
pathway, however, their substrates are yet unknown.
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