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The bacterial cell wall is comprised of cross-linked strands of
peptidoglycan (PG), which encase the entire cytoplasm. A healthy cell
wall is critical for survival of bacteria and serves as a docking station
for bacterial surface proteins, some of them representing key players in
adhesion, colonisation and virulence. Therefore cell wall remodeling
is critical in host-pathogen interactions, cell division, virulence, PG
recycling and antibiotics resistance. Choline-binding proteins (Cbp)
are pneumococcal surface proteins that have received considerable
attention because of their versatility, and their sophisticated role in the
interaction with host proteins. The three-dimensional structure of Pce
(70 KDa), in complex with the reaction product and choline analogs
has been solved [1]. We have showed that Pce hydrolyses PAF, a
potent lipidic first messenger of inflammatory processes. Besides, the
structural analysis indicated that Pce selectively remodels the bacterial
surface impairing the ability of host proteins to efficiently bind the
bacteria, and would provide a mechanism for pneumococci escaping
attack by the host defense system [1].

CbpF (38 KDa) has been solved [2] demonstrating that CbpF in-
hibit the activity of autolysin LytC and providing the first example
of a regulatory system to tune the activity of an autolysin. LytC is
involved in the virulence mechanism of fratricide. Pneumococci that
are competent for natural genetic transformation kill and lyse non-
competent sister cells or members of related species that are present in
the same environment. This phenomenon has been termed fratricide.
We have reported the functional characterization of the key effec-
tor of pneumococcal fratricide CbpD [3] and the crystal structure of
LytC in a ternary complex with choline and a PG fragment [4] that
explain the activation of LytC by CbpD in fratricide and provide the
first structural insights into the critical and central function that LytC
plays in pneumococcal virulence.

During homeostasis, including growth, cell wall is simultaneously
biosynthesized and degraded. Lytic transglycosylases (LTs) initiate the
degradative events on cell wall. The products of LTs are internalized
to the cytoplasm, and hydrolised by glucosaminidase NagZ and ami-
dase AmpD. The reaction products of AmpD play roles in both PG
recycling events and in an induction event that leads to the expresion
of B-lactamase, a key B-lactam antibiotic resistance enzyme. Despite
the 3D structure for AmpD enzyme was known by NMR techniques,
we have performed crystal structure determination of some LTs and
AmpD. Unexpectedly we have observed that AmpD undergoes an ac-
tivation mechanism from an inactive form (that determined by NMR)
to an active form we solved. Changes produced in the activation proc-
ess are among the largest structural rearrangements ever reported for
a single domain protein.
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Coherence in crystallography for imaging materials and
biology
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In crystallography, we consider nanometre-sized crystals to be
a new frontier of opportunity to tailor physical properties using
‘size’ as a control variable. This general view of crystallography
“beyond the unit cell” opens a wide field of opportunity for methods
development. However, when we think about nanostructures, we
must reconsider the standard bulk concepts of lattices and crystal
defects. Changes here provide nanomaterials with new and exciting
properties. This lecture is about coherence-based methods for the
determination of crystal structures using coherence. One example is
micron-sized ZnO crystals, attached by bonding to a SiO, substrate,
which showed internal strain arising from accidental damage during
manipulation. Use of more than one Bragg peak from the same
crystal allows components of the full strain tensor to be mapped
inside the crystal.

These new crystallographic methods have a fundamental
need for beam coherence, so benefit directly from 3rd generation
synchrotron sources. The coherence leads to interference fringes
in the diffraction patterns of sufficiently small crystals. When the
fringes are measured using a fine-pixel detector the data can be
oversampled beyond their Nyquist/Shannon frequency. To invert the
diffraction, we then solve the crystallographic ‘phase problem’ using
a support-constrained HIO algorithm. This leads to quantitative
three-dimensional maps of the density of the crystal with a real-
space phase, which is interpreted as the deformation of a crystal
from its equilibrium lattice spacing.

We have also used the methods to examine twin domain structures
within crystals as well as real-space phase domains due to ordering.
In biology, we have investigated collagenous tissue, which shows
an analogous phase domain structure. For extended objects such as
these, we are applying the principles of ‘ptychography’, in which the
crystallographic phase information emerges from overlaps between
coherent diffraction patterns.
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Structure-Property Relationships of Inclusion Compounds
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Multicomponent crystals based on the encapsulation of guest
molecules by suitable hosts may exhibit a number of interesting
properties and structural phenomena. For example, guest-templated



