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Ubiquitin conjugation has emerged as a major signalling
pathway that regulates critical

cellular pathways such as DNA repair, transcription and cell
cycle. In this process the small

ubiquitin protein is covalently conjugated to a lysine on the
target protein that is redirected for degradation, interaction or
cellular localization.

Since ubiquitin itself has seven lysines, different ubiquitin
chains can occur, with different cellular outcomes. The
conjugation machinery consists of E1,E2,E3 cascades of
enzymes that are balanced by a series of deubiquitinating
enzymes or DUBs.

We study the modulation of E2 and E3 enzymes by the
components of the system itself, using a combination of
protein crystallography and protein interaction studies. Results
will be presented on the question of target complexes, target
selectivity, chain formation and selection of chain types as
well as the asymmetry of E3 RING dimers.
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The well ordered world of solid materials was forced to
reassess its rules when an icosahedral phase of matter was first
discovered in the laboratory [1] and the concept of
quasicrystals was introduced to explain it [2]. Quasicrystals
are solids whose diffraction patterns are composed of Bragg
peaks, like periodic crystals, but with symmetries forbidden to
crystals. Over the last twenty-five years, more than one
hundred examples have been identified, but, until now, all
have been produced in the laboratory under controlled

conditions ranging from rapid to moderately slow. The search
for a naturally-forming quasicrystal began soon after the
concept of quasicrystals was introduced. For many years, the
search was informal. However, beginning about a decade ago
[3], a systematic search was developed that, through planning
and much serendipity, led to the discovery this past year of a
natural candidate embedded in a rock found in the Koryak
Mountains, northern Kamchatka [4]. It should be noted that,
when the concept of quasicrystals was first introduced, there
was considerable skepticism [5] whether complex
quasiperiodic structures could ever form, even under ideal
laboratory conditions. Indeed, the first icosahedral phase, i-
AlgMn, reported by Shechtman et al. [1] exhibited so much
disorder that its identification as a quasicrystal was challenged
and alternative structural models were proposed [5]. At the
time, all known examples of icosahedral alloys were
metastable, only obtainable by rapid quenching. Then, highly
perfect and more stable quasicrystals, such as i-AlCuFe began
to be discovered, showing that quasicrystals can be formed
under highly controlled laboratory conditions. Nevertheless,
one could not be sure of their long-term stability [6] because
they could not be kept in equilibrium at low temperatures or
annealed over eons. The discovery of natural quasicrystals
could push back the age of the oldest known quasicrystal by
orders of magnitude: for example, the host rocks in the Koryak
mountain region date from the Triassic, roughly 200 to 250
million years ago. A natural sample would represent the first
physical evidence that quasicrystals can form spontaneously
under natural conditions, and can remain stable over geologic
timescales. From the perspective of condensed matter physics,
that the natural quasicrystal, embedded in a matrix of different
minerals, remains distinct and so structurally perfect would
lend support to the original proposal [2] suggesting that
quasicrystals can be as stable as crystals, and, therefore, have
equal footing as a stable form of solid matter. From a
geological standpoint, the concept of what makes a mineral
would have to be amended to include quasicrystalline
structures, and the search for other natural candidates may
provide a new avenue to discover new stable quasicrystals not
yet observed in the laboratory.

[1] Shechtman D., Blech 1., Gratias D., Cahn J.W., Phys. Rev. Lett.
1984, 53, 1951. [2] Levine D., Steinhardt P.J., Phys. Rev. Lett. 1984,
53, 2477. [3] Lu P.J., Deffeyes K., Steinhardt P.J., Yao N., Phys. Rev.
Lett. 2001, 87, 275507. [4] Bindi L., Steinhardt P.J., Yao N., Lu P.J.,
Science 2009, 324, 1306. [5] Pauling L., Nature 1985, 317, 512. [6]
Bancel P.A., Quasicrystals: The State of the Art, ed. By DiVincenzo
D. and Steinhardt P.J., 1991, 17.
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Research on protein synthesis or translation emerges during
the 40-ties and 50-ties. 1941 it was noticed that high levels of
RNA correlated with protein synthesis. Ribosomes were first
isolated 1952 and identified as the site of protein synthesis
1957. The name ribosome started to be used 1958. The mRNA
was discovered 1956. The need for tRNA was postulated 1956
by Crick in his adaptor hypothesis and shortly thereafter
identified by M. Hoagland. From early times the structure with

26th European Crystallographic Meeting, ECM 26, Darmstadt, 2010
Acta Cryst. (2010). A66, s2

Page s2



Keynote Lectures

whatever means has been in focus. A dramatic step forwards
was due to Ada Yonath 1980 when she managed to get the
first crystals of ribosomal subunits. Numerous improvements
of methodology and crystals led to the first structural results
1998. Year 2000 high resolution structures of both subunits
became available and the year after a medium resolution
structure of the whole ribosome. This has made the whole
field flourish both biochemically and structurally like for all
fields where the central molecules have been clarified by
crystallography.
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Structural biology relies on X-ray crystallography to provide
much of the three dimensional information on macromolecules
that informs biological function. To enable problems not
previously accessible to structure solution to be tackled,
improved methods must be developed. A notable example of
this has been the progress in finding protocols to cryocool
protein crystals prior to 100K data collection to reduce the rate
of radiation damage by around a factor of 70 compared to that
at room temperature (RT): from hot to cool and more for less.
Radiation damage to the sample is an inherent problem when
utilising ~ ionising  X-radiation in  macromolecular
crystallography (MX), and it is now known that radiation
damage can also be a limiting factor for MX at 100K [1].
Following our measurement of 30 MGy (1 Gy =1 J/kg energy
absorbed) for the experimental dose limit for 100K [2] protein
crystals, we tried to determine a limit for RT samples. The
unexpected discovery of an RT inverse dose rate effect over a
limited dose rate range [3] led us to search for RT scavengers
[4], which in turn has elucidated the radiation chemistry
induced in protein crystals when irradiated at 100K. Current
ongoing methods investigations that will be described include
studies of 100K and RT radiation damage in macromolecular
crystals in order to inform both our understanding and putative
mitigation strategies, and the trace elemental analysis of liquid
and crystalline proteins using microPIXE (particle induced X-
ray emission), allowing determination of their stoichiometric
ratio to an accuracy of between 10 and 20% [5].

[1] Ravelli, R.B.G.; Garman E.F Current Opinion of Structural
Biology 2006, 16, 624-629. [2] Southworth-Davies, R.J.; Medina,
M.A.; Carmichael, I.; & Garman, E.F. Structure 2007, 15, 1341-1351.
[3] Owen, R.L.; Rudifio-Pifiera, E.; Garman, E.F. Proc. Nat. Acad.
Sci. 2006, 103, 4912-4917. [4] Barker, A.I.; Southworth-Davies, R.J.;
Paithankar, K.S.; Carmichael. 1.; Garman, E.F. Journal Sync Rad.
2009, 16, 205-216. [5] Garman, E.F.; Grime, G. Progress in
Biophysics and Molecular Biology 2005, 89/2, 173-205.
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By the late 1990s, it was clear that the structural complexity
induced in simple materials by compression was such that
powder-diffraction methods were no longer able to solve
complex structures being observed. While single-crystal
techniques offer the ability to solve such structures, attaining
the necessary high-quality samples at pressures above 20 GPa,
perhaps after passing though one or more phase transitions, is
extremely difficult. But the remarkable behaviour of the alkali
metals Li and Na at extreme pressures, coupled with
techniques developed at the SRS and ESRF synchrotrons, has
enables us to push single-crystal techniques first to 100 GPa
[1] and, most recently, to 145 GPa [2]. We have found
previously unimagined structural complexity in both Na and
Li [3], and have also been able to collect high-quality data
from weakly scattering samples such oxygen [4] and nitrogen
[5], including at both high- and low-temperature studies.

In this talk I will review both the new techniques, and the
results we have obtained recently on these simple systems. I
will also look to the future, and give some pointers as to the
kind of crystallographic experiments that might be conducted
on the next, “4™, generation of light sources.

[1] McMahon, M.I.; Gregoryanz, E.; Lundegaard, L.F.; Loa, I;
Guillaume, C.; Nelmes, R.J.; Kleppe, A.K.; Amboage, M.; Wilhelm,
H.; Jephcoat, A.P.; Proc. Nat. Acad. Sci. 2007 104, 17297. [2]
Lundegaard, L.F.; Gregoryanz, E.; McMahon, M.L.; Guillaume, C.;
Loa, I.; Nelmes, R.J.; Phys. Rev. B 2007 79, 064105. [3] Gregoryanz,
E.; Lundegaard, L.F.; McMahon, M.I; Guillaume, C.; Nelmes, R.J.;
Mezouar, M.; Science 2008 320, 1054. [4] Lundegaard, L.F;
Guillaume, C.; McMahon, M.I.; Gregoryanz, E.; Merlini, M.; J.
Chem. Phys. 2009 130, 164516. [5] Stinton, G.W.; Loa, L;
Lundegaard, L.F.; McMahon, M.1.; J. Chem. Phys. 2009 131, 104511.
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A mechanism leading to effects of symmetry breaking in the
solid state results from the fact that at the nutrient-crystal
interface incoming building blocks interact under the influence
of a lower symmetry [1] than in the bulk. In case the
attachment state shows kinetic stability, symmetry breaking in
particular growth sectors can occur. A process most
investigated during the last ten years [2, 3] is 180°
orientational disorder of incoming dipolar molecules. Because
of selective recognition at growing surfaces, this kind of
symmetry breaking can lead to polar property formation. The
lecture is reviewing the field, including examples from
supramolecular crystals, single component and solid solution
molecular materials. Because of generality, the theory applies
also to the formation of polar tissues [4].
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