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Our laboratory has a long tradition in structural biology research, using 
mainly X-ray crystallography. Over the years, we have worked on the structural 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 skills 
and specialisation of the laboratory.

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

Ignasi Fita

phosphatase PTEN binds to N-terminal repeats R3-R4 of MVP in 
a Ca2+ dependent manner. 

In continuing and highly productive collaboration with Vicente 
Rubio (Instituto de Biomedicina de Valencia, IBV-CSIC) for more 
than ten years, we have participated in the structural deter-
mination and analysis of a number of kinase and large kinase 
complexes. Two new papers have derived from this research, 
one is now in press (Ramon-Maiques et al) and the other under 
revision (Gil-Ortiz et al).

We have also continued our research into systems related to 
oxidative stress, including mammalian peroxidases (Carpena et 
al, 2009) and plant peroxidases (Vidossich et al, in press). In 
particular, we have done extensive work on the catalase-per-
oxidase system in an attempt to clarify the biochemical mecha-
nisms that allow the function of these moonlight enzymes and 
also because of its crucial role in the activation of isoniazide, 
one of the main anti-tubercular treatments. This work has been 
done in close collaboration with Peter C Loewen at the Univer-
sity of Manitoba (Canada) and Carme Rovira (ICREA scientist at 
the Barcelona Science Park).

Also in the field of oxidative stress, we have continued our col-
laboration with Xavier Parés and Jaume Ferrés (Autonomous 
University of Barcelona-UAB) on the human enzymes P53-in-
ducible quinine oxidoreductase (Porte et al, 2009) and aldo-
keto reductase AKR1B10 (Xavier-Ruiz et al, 2009). The critical 
tumour-suppressor P53 regulates the expression of P53-induced 
genes (PIGs), which trigger apoptosis. PIG3 is the only known 
member of the medium-chain dehydrogenase/reductase super-

Structure determination of oxidative stress 
systems and other large molecular aggregates
Our group works on the structural determination 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 determined the structures 
of the seven N-terminal domains of the major protein from the 
ribonucleoproteic vault particles at almost atomic resolution, 
and of the intact vault particles at 8 Å resolution (Querol-Audí, 
Casañas et al, 2009). With a mass of 13 Megadaltons and overall 
dimensions of 400*400*700 Å, the vault complex is the largest 
ribonucleoprotein particle found in eukaryotes. In mammals, 
vaults contain three proteins: the 100-kDa major vault protein 
(MVP), the 193-kDa vault poly(ADP-ribosyl)ating polymerase and 
the 240-kDa telomerase-associated protein. In addition, at least 
one small and untranslated RNA is found as a constitutive com-
ponent. Approximately 75% of the vault particle mass is due to 
MVP. When rat MVP is expressed in insect cells it has the capac-
ity to produce vault-like particles similar to endogenous vaults. 
Despite their diverse origin, vaults are uniform in size and mor-
phology, presenting a barrel-like structure with an invaginated 
waist and two protruding caps, as observed by electron micro-
scopy. The finding that the murine MVP is orthologous to the 
earlier described human lung resistance-related protein, known 
to be overexpressed in multiple chemotherapy resistance mod-
els, prompted the association of vaults with intrinsic drug re-
sistance. Vaults have also been implicated in the regulation of 
several cellular processes, including transport mechanisms, sig-
nal transduction and immune responses. A large and increasing 
number of proteins have been found to interact with vaults, in 
particular, it is now well established that the tumour-suppressor 
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family induced by P53 and it is used as a pro-apoptotic marker as the participation 
of PIG3 in the apoptotic pathway is extensively documented. In the study by Porte et 
al, we found that in vitro activity and in vivo overexpression of PIG3 leads to the ac-
cumulation of reactive oxygen species (ROS). Accordingly, an enzymatically inactive 
PIG3 variant (Ser151Val) did not produce ROS in cells. This observation supports the 
notion that PIG3 action is exerted through oxidative stress produced by its enzymatic 
activity, thus providing essential information for the potential control of apoptosis. 
Aldo-keto reductases (AKRs) are monomeric NAD(P)H-dependent enzymes. These mol-
ecules exert detoxifying activity and therefore contribute to phase I drug metabolism. 
AKR1B10 (aldose reductase-like or human small intestine reductase) is the most ac-
tive AKR with all-trans-retinaldehyde, a crucial molecule in the retinoic acid synthesis 
pathway. AKR1B10 is induced in several types of cancer and is proposed to be involved 
in the onset of carcinogenesis, thus stressing its potential use as a diagnostic marker 
for smoking-related lung cancer and as a potential therapeutic target.

Deciphering membrane proteins through X-ray crystallography
For the last few years, our laboratory has devoted considerable effort to membrane 
proteins, a major challenge in protein crystallography. Some very promising results 
have now been obtained thanks to close collaboration with Manuel Palacín (Molecular 
Medicine Programme, IRB Barcelona), who leads research on the structure-function 
relationship of amino acid transporters.

The new structural and mechanistic insights into the PKC α-C2 domain association 
(Guerrero-Valero et al, 2009) and on the prokaryotic secreted lipoxygenases (Carpena 
et al, in preparation) have also contributed to our experience on X-ray crystal studies 
of membrane and membrane-related proteins.
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