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Structural biology of protein-
nucleic acid complexes and
molecular machines

Our research effort focuses on the structural characterisation of proteins

and nucleic acids, and their complexes in order to elucidate their mechanism
of action. Using X-ray crystallography and other structural and molecular biology methods, we
address the following: i) the initiation of DNA replication in plasmids by analysing the initiator
protein RepB; ii) the termination of transcription in prokaryotes, which is mediated by the Rho
factor; and iii) DNA packaging in herpesvirus, in which a molecular machine called terminase plays
a key role. In addition, we analyse a number of unique DNA structures formed by DNA three-way
junctions and supramolecular drugs.

Replication initiation

DNA replication is a key biological event performed by diverse
mechanisms that deal with the incapacity of DNA polymerases to
start de novo DNA synthesis. Among these mechanisms, rolling
circle replication (RCR) is used by a variety of genetic entities
(transposons, plasmids, bacteriophages and viruses) that repli-
cate autonomously. RCR is initiated by a triggering reaction that
consists of the site-specific cleavage of one of the strands of
the DNA duplex at the origin of replication. This endonuclease
reaction is catalysed by initiator proteins, which provide the
primer for the polymerase to start DNA synthesis. Initiators also
participate in the termination of DNA replication in a strand-
transfer event.

The structure of the full-length RepB, the replication initiator
of a streptococcal plasmid, has been solved by X-ray crystal-
lography and electron microscopy (Boer et al, 2009), revealing
a hexameric ring molecule where each protomer has two do-
mains (Figure 1). The origin-binding and catalytic domains show
an a/p plate fold and are highly mobile, which would account
for recognition of two distinct DNA sites. The oligomerisation
domains are all-helical, and form a compact ring with a central
channel, a feature found in ring helicases and, in particular, in
the initiator proteins of oncogenic viruses, such as papillomavi-
rus and SV40. This observation suggests that, in a similar way,
RepB encircles one of the DNA strands during replication to con-
fer high processivity to the replisome complex.

Figure 1. The replication initiator protein RepB.

Transcription termination

The Rho factor is a ring-shaped ATP-dependent helicase that
mediates transcription termination in most prokaryotic cells by
disengaging the transcription elongation complex formed by the
RNA polymerase, DNA and the nascent RNA transcript. We have
solved the structure of the early RNA-free state of Rho from Figure 2. Superposition of the generated T. maritima Rho ring (blue)
Thermotoga maritima to 2.3 A resolution (Canals et al, 2009; and the crystallographic ring from E. coli (green).
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Canals et al, in press). This RNA-free structure had eluded crystallisation for many
years but now completes previous studies. The structure allows the characterisation
of the apo-form of Rho and reveals an RNA-recruiting site that becomes hidden after
occupancy of the adjacent specific primary RNA-binding site. These findings suggest
an enriched model for mRNA capture that is consistent with previous data (Figure 2).

Herpesvirus DNA packaging

During viral replication herpesviruses package their DNA into the procapsid by means of
the terminase molecular machine. In human cytomegalovirus (herpesvirus 5), subunit
UL89 of the terminase cleaves the long DNA concatemers into unit-length genomes
for encapsidation. We used an ultra-high throughput screening method to identify a
soluble and purifiable fragment (UL69-C) from 18,432 randomly truncated constructs
(Figure 3). We crystallised this fragment and solved its 3D structure to 2.15 A resolution
(Nadal et al, in preparation). The structure reveals that UL89-C belongs to the RNase
H/integrase superfamily, a vast group of nucleases and polynucleotidyl transferases
that includes resolvases, integrases, transposases, RNA slicers, spliceosomal proteins
and Okazaki-fragment cleaving RNases. On the basis of the structural similarities, we
tested the inhibitory effect of HIV integrase inhibitors on the nuclease activity of the
terminase and found that one of them is a potent inhibitor of UL89, a result that could
facilitate the development of novel antiherpes molecules.

Complexes of DNA three-way junctions and supramolecular nano-
cylinders

Metallo-supramolecular cylinders are a class of helicate coordination compounds dis-
playing three-fold symmetry and exhibiting high affinity for DNA. We previously showed
(Oleksy et al, 2006) that one of these cylinders has the capacity to induce three-way
junctions in palindromic DNA by occupying the central junction cavity with extraor-
dinary shape complementarity. We have solved a number of additional DNA-cylinder
complex structures (Figure 4), all revealing a similar drug-DNA binding mode (Boer et
al, in press). These structures also indicate that non-covalent cylinder-DNA interactions
may be used for the directed assembly of DNA-based nanomaterials.
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