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Structural biology and oxidative
stress: X-ray crystallography of
aggregates and proteins

ur laboratory has a long tradition in structural biology research, using mainly X-ray
crystallography. Over the years, we have worked on the structure determination and analysis
of a number of biological systems spanning in size from small peptides and oligonucleotides
to large molecular aggregates, such as virus antibodies and receptor complexes or vaults. In
many cases, we have established fruitful collaborations with groups working on the biological
or biomedical aspects of these systems. In addition, the laboratory has focused on a number of
biological issues. For example, in recent years, we have been deeply involved in structural and
functional studies of proteins related to oxidative stress, using both theoretical (computational) and
experimental approaches, in particular X-ray crystallography. We also consider it a priority to work on
methodologically challenging problems of structural biology, both for their intrinsic scientific interest
and the new avenues they often open but also as a way to maintain and increase the professional
skills and specialisation of the laboratory.

Structure determination of oxidative stress
systems and other large molecular aggregates

We have continued our research into systems related to oxida-
tive stress. In particular, we have done extensive work on the
catalase-peroxidase system in an attempt to clarify the bio-
chemical mechanisms that allow the function of these moon-
light enzymes and also because of its crucial role in the activa-
tion of isoniazide, one of the main anti-tubercular treatments.
This work has been done in close collaboration with Peter C
Loewen at the University of Manitoba (Canada) and with Car-
me Rovira (an ICREA scientist at the Barcelona Science Park).
Also in the field of oxidative stress, we have continued our
scientific collaboration with Xavier Parés and Jaume Farrés (at
the Autonomous University of Barcelona, UAB), concentrating
efforts mainly on the human enzymes p53-inducible quinine
oxidoreductase (PIG3) and aldo-keto reductase AKR1B10.

Our group has also been involved in the structure determina-
tion of a number of large molecular aggregates. In particular,
in a collaboration project led by Nuria Verdaguer (Institute of
Molecular Biology of Barcelona, IBMB-CSIC), we have deter-
mined the structures of the seven N-terminal domains of the

Figure 1. We have shown that the KatG-specific adduct formed
by a Met, a Tyr and a Trp and located at the active site acts as a
one-electron donor towards the high-valent iron-oxo porphyrin

(as illustrated by the spin density distribution shown in the

insert). This result is in line with recent experimental findings major protein from the ribonucleoproteic vault particles at
suggesting the participation of protein-based radicals in the almost atomic resolution, and of the intact vault particles at
activation of isoniazid, a front line drug in the treatment of 8 A resolution. These results have been submitted for pub-
tuberculosis, by KatG. lication and might explain (among other things) the opening

mechanisms of these large particles. In a continuing collabo-
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ration we have had for many years with Vicente Rubio (In-
stituto de Biomedicina de Valencia, IBV-CSIC), we have also
contributed to the structure determination and analysis of a
number of kinase complexes. The paper in Current Opinion in
Structural Biology (by Llacer, Fita and Rubio, 2008) reviews
some of the most relevant recent results on arginine and ni-
trogen storage that we (and others) have obtained in these
systems.

Deciphering membrane proteins through X-ray
crystallography

For the last few years, the laboratory has focused consider-

able efforts on membrane proteins, one of the main chal-
lenges in protein crystallography. Some very promising re-
sults have now been obtained thanks to a close collaboration
headed by Manuel Palacin (Molecular Medicine Programme,
IRB Barcelona) on the structure-function relationship in
heteromeric amino acid transporters (HATs). The structur-
al studies of HATs has allowed us to define their oligomeric
state, membrane topology and the key residues involved in
amino acid transport. The new structural and mechanistic in-
sights into PKC a-C2 domain association (Guerrero-Valero et
al, PNAS, in press) and the prokaryotic secreted lipoxygen-
ases (Carpena et al, in preparation) contribute to our knowl-
edge of membrane-related proteins.
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Catalytic mechanism and regulation of glycogen synthase

Joan Guinovart, IRB Barcelona (Barcelona, Spain), Miquel Pons,
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Large molecular aggregates
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