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the transmembrane segments harboring the two Ca2+ transport sites. 
Previous work has identified the mechanism for phosphorylation of 
the enzyme coupled to occlusion of Ca2+ ions in the membrane, and 
also the dephosphorylation step coupled to counter-cation occlusion 
has been described. The missing link of the reaction cycle has 
been the E2P’ground state’ where the Ca2+ ions after translocation 
across the membrane are exchanged for protons via a’long sought’ 
luminal opening.  Here we present functional studies and a new 
crystal structure of Ca2+-ATPase in complex with beryllium fluoride 
representing the phosphorylated E2P form with full exposure of 
the luminal exit pathway. The exit path has developed as a trilobed 
opening between the transmembrane segments M1 through M6 
which are found in all P-type pumps and it exposes the Ca2+ transport 
sites to the luminal space. The conformational change is actuated by 
a rotation of the A-domain bringing the dephosphorylation TGES 
motif in close apposition to phosphorylation site in recognition of 
phosphorylation. The release of Ca2+  ion is promoted by movement 
of the M4 helix, exposing the Ca2+ coordinating directly towards the 
lumen
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Bacterial ribosomal protein L11 is post-translationally trimethylated 
at multiple residues by a dedicated methyltransferase, PrmA. Here, 
we describe multiple apoenzyme structures and enzyme-substrate 
complexes of PrmA from the  extreme thermophile T. thermophilus. 
We have determined two apo-PrmA structures at 1.59 and 2.3 Å 
and two structures with bound cofactor AdoMet at 1.75 and 2.9 
Å resolution. A PrmA-L11 enzyme-substrate complex structure at 
2.4 Å resolution illustrates the highly specific interaction of the 
PrmA N-terminal domain with its substrate and places the L11 ε
-amino group of Lys39 in the active site in a pre-catalytic state. 
Two other complex structures at 2.56 and 1.75 Å resolution show 
the di- and trimethylated α-amino group of Met1 and AdoHcy in 
the intermediate and post-catalytic states. In addition, we have 
determined the structures of two active site mutants H104A and 
T106Y complexed with L11 at 2.1 and 2.35 Å resolution. A structure 
of the truncated PrmA substrate recognition domain complexed 
with the L11 N-terminal domain at 1.37 Å suggests that a single 
recognition mode is sufficient to place all substrate side chains in the 
active site. All structures of PrmA exhibit distinct relative positions 
of the substrate recognition and catalytic domains, revealing how 
the remarkable plasticity of PrmA can position the L11 substrate for 
multiple, consecutive side-chain methylation reactions. The presence 
of a unique flexible loop in the cofactor-binding site suggests how 
exchange of AdoMet with the reaction product AdoHcy can occur 
without necessitating the dissociation of PrmA from L11. Finally, the 
mode of interaction of PrmA with L11 explains its preference for L11 
as substrate before its assembly into the 50S ribosomal subunit.
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Premature separation of sister chromatids results in the loss or gain 
of chromosomes in daughter cells. This condition is a prevalent 
form of genetic instability observed in various classes of human 
cancer. BUB1 and BUBR1 are central components of the mitotic 
checkpoint control, the regulatory mechanism of the cell cycle that 
ensures the even distribution of chromosomes during the transition 
from metaphase to anaphase and prevents dividing cells from such 
disastrous scenario. BUB1 and BUBR1 are multidomain proteins 
consisting of a conserved N-terminal region that is essential for 
efficient mitotic checkpoint function, an intermediate disorder region 
that contains the binding site of the upstream regulator BUB3, and a 
catalytic C-terminal domain of serine/threonine kinase activity. We 
present the high-resolution crystal structures of the N-terminal region 
of BUB1 and BUBR1. The two domains are organised as a divergent 
tandem arrangement of alpha-helices and show conserved residues 
that are important in determining the relative orientation between 
neighbour alpha-helices and, consequently, of the overall shape of 
the protein. The projection of the degree of sequence conservation 
onto the surface of BUB1 and BUBR1 reveals characteristic features, 
including an alternating pattern of loop conservation throughout most 
of the sequence. We mapped onto the structure the various mutations 
that have been identified and associated with aneuploidy and cancer 
progression and provide a structure-based explanation of how these 
mutants lead to the impairment of mitotic checkpoint activity. The 
crystal structures contribute to the understanding of how genetic 
alterations of this domain impair the functions of these proteins, 
resulting in a defective mitotic checkpoint response.
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Members of the Swi2/Snf2 family mediate mobilization of various 
nucleic acid-protein complexes to facilitate gene expression. 
Bacterial RapA is an RNA polymerase (RNAP)-associated Swi2/
Snf2 enzyme with ATPase activity. It stimulates RNAP recycling 
during transcription. Here, we report the first structure of RapA, 
which is also the first full-length structure for the entire Swi2/Snf2 
family. Our structure and in vitro competition experiment establish 
that RapA and σ70 share a common binding site on RNAP and that 
σ70 exhibits higher affinity for the core RNAP (CORE). The structure 
also indicates that RapA may facilitate the release of sequestered 
RNAP from DNA template, which is demonstrated by our kinetic 
template-switching assay, showing the recycling of RNAP in vitro 
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for the first time. These observations lead to a mechanism of RapA-
mediated RNAP recycling, including the RapA-facilitated release 
of sequestered RNAP from DNA template and the σ70-dependent 
removal of RapA from the RapA•CORE complex for transcription 
reinitiation. The derived mechanism of RapA provides a framework 
for further structural and biochemical investigations on, for example, 
how and where RNAP becomes sequestered in the PTC, the exact 
composition of the PTC, the DNA translocase activity of RapA and its 
precise mechanism, and additional factors that may contribute to the 
destabilization of the PTC.
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Histone chaperones mediate the nucleosome assembly/disassembly. 
Since the nucleosome structure inhibits the interaction between a 
protein and DNA, the assembly/disassembly of the nucleosome are 
critical processes regulating the transcription etc. To elucidate the 
molecular mechanism of the nucleosome assembly/disassembly, we 
have studied the structure-function relationship of histone chaperone 
CIA/ASF1. CIA/ASF1 interacts preferentially with histones H3 
and H4 and is involved in transcription, DNA replication, and 
DNA repair. Here, we report the crystal structure of CIA/ASF1 
complexed with histones H3 and H4 [Natsume et al. Nature (2007)]. 
The crystal structure shows that CIA/ASF1 interacts with the 
histone H3-H4 dimer in a manner that inhibits the histone (H3-H4)2 
tetramer formation. Since the CIA/ASF1-histone-H3-H4 complex is 
crystallized from a solution containing CIA/ASF1 and the histone 
(H3-H4)2 tetramer, CIA/ASF1 seems to have a histone (H3-H4)2 
tetramer-splitting activity. Biochemical analysis demonstrated that 
CIA/ASF1 splits the histone (H3-H4)2 tetramer through forming the 
CIA/ASF1-histone-H3-H4 complex. This is the first experimental 
evidence for the existence of an endogenous factor that splits the 
histone (H3-H4)2 tetramer into two histone H3-H4 dimers. This 
finding should have a great impact on the research of chromatin. 
A comprehensive in vivo mutational analysis using budding yeast 
suggested that the interaction observed in the crystal structure is 
of biological significance and that the CIA/ASF1-histone-H3-H4 
complex occurs as an intermediate of the nucleosome assembly/
disassembly process during transcription, DNA replication, and DNA 
repair. In this context, this study should give a new insight into the 
molecular mechanisms of epigenetic inheritance.
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VirA is an effector protein that is injected into mammalian cells by the 
type III secretion system of Shigella flexneri. VirA was postulated to 
function as a papain-like cysteine protease, with its putative catalytic 
cysteine residue identified by mutation to alanine (Yoshida et al. 
Science. 314, 985, 2006). The structure of VirA was solved by single 
wavelength anomalous scattering, utilizing a SeMet-substituted 
protein expressed in E. coli as a fusion to MBP. Processing of the 
fusion product with TEV protease yielded full-length VirA (400 
amino acids). The protein was crystallized using the vapor-diffusion 
technique. The crystals belong to the monoclinic space group C2, 
with unit-cell parameters a=150.3, b=170.9, c=46.2Å, β=104.9, and 
diffract to 3.0 Å resolution. With the presence of two molecules in 
the asymmetric unit, the Matthews coefficient (Vm) is approximately 
3.2, corresponding to a solvent content of about 61%. The structure 
was solved using a combination of SHELXD and PHASER/
BUCCANEER and was refined with PHENIX. The fold of VirA is 
novel and does not resemble that of any known protein, including 
papain. The shape of the molecule resembles the letter V, with the 
N-terminal 130 residues (some of which are disordered) forming 
one clearly identifiable domain, and the remainder of the molecule 
forming the other half of the V-like structure. Two long helices 
(286-307) stabilize a dimer observed in the crystals. The oligomeric 
nature of VirA in solution is being investigated by analytical 
ultracentrifugation. Although the expressed protein appears to cleave 
α-tubulin, we have not found any structural features that resemble 
the active sites of known proteases.  Thus, the mode of action of this 
unusual protein needs further elucidation.
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DNA recombination is involved in the appearance of new variants 
by incorporating of exogenous DNA or endogenous reshuffling. 
MutS homologs, identified in nearly all bacteria and eukaryotes, 
include the bacterial proteins MutS1 and MutS2 and the eukaryotic 
MutS homologues, and they often are involved in recognition and 
repair of mismatched bases and small insertion/deletions, thereby 
limiting illegitimate recombination and spontaneous mutation. The 
small MutS-related domain (SMRD) of the bacterial MutS2 family 
is also found in eukaryotic homologue, C-terminal regions of BLC-3 
binding protein (B3BP), which interacts with BCL3 and p300/CBP. 
Here, we report the crystal structure of soluble SMRD, a protein 
of 80 amino acids, which may function as a monomeric nicking 
endonuclease. Data were collected and refined to 1.5 Å resolutions 
from a single crystal of SMRD under cryogenic conditions. The 
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