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independent P8 molecules are superimposed on one of the P3 core-
capsid protein. Cα trace of the P8 molecule is shown in a stick model. 
Start and end of the two induced-fit loops, shown in gray stick, are 
indicated in terms of residue number.
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Because insect viruses often remain in soil or leaves for prolonged 
periods before finding suitable hosts, they have evolved unique 
strategies to preserve their infectivity in such conditions. The most 
striking of these survival strategies are polyhedra, crystals of the 
viral polyhedrin protein which form a tough matrix protecting 
virus particles. Virus particles embedded in polyhedra can remain 
infectious for decades in the soil but, once ingested by new larvae, 
polyhedra readily dissolve in the alkaline environment of mid-guts 
initiating a new infectious cycle. Recently, the first atomic structure 
of polyhedra revealed the architecture of such infectious crystals 
produced by the silkworm cypovirus, a RNA virus belonging to the 
Reoviridae family. To understand how this strategy evolved in the 
viral world, we have engaged in the structural analysis of polyhedra 
produced by baculoviruses, DNA viruses completely unrelated 
to cypoviruses. I will present the 2.3Å structure of baculovirus 
polyhedra determined by X-ray crystallography from crystals 5-10 
micrometers in diameter purified from infected cells. These crystals 
belong to the I23 space group with cell edge parameters of 103Å, just 
like cypovirus polyhedra. They are also made of polyhedrin trimers 
and extremely dense and robust except in alkaline conditions. Despite 
these functional and structural similarities, baculovirus and cypovirus 
polyhedrin proteins are unrelated and the way they pack in polyhedra 
is strikingly different. This evolutionary convergence to very similar 
crystalline architectures from different building blocks is reminiscent 
of the wide use of the icosahedral symmetry in virus particles.
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Programmed cell death (apoptosis) is a critically important 
mechanism that enables multicellular organisms to eliminate 
damaged, infected or unwanted cells. The Bcl-2 family of proteins, 
which contains both pro- and antiapoptotic members, plays a central 
role in regulating apoptosis. The two proapoptotic members Bax 
and Bak are activated in response to apoptotic stimuli and play a 
pivotal role by triggering the release of pro-death factors by a series 
of unknown conformational events that result in mitochondrial 
membrane permeabilization (MMP). In healthy cells, Bax and 
Bak are held in check by antiapoptotic family members such as 
Bcl-2, Bcl-xL and Mcl-1. Apoptotic stimuli result in the release of 
proapoptotic BH-3 only proteins that neutralize antiapoptotic Bcl-2, 
thus freeing Bak and Bax to cause MMP. Apoptosis is recognised 
as a key innate immunity defence mechanism, and viruses have 
developed different strategies to ensure their survival in the face of 
host immune responses. Viral Bcl-2 homologs are deployed by a 
number of viruses to prevent cells from apoptosis during infection. 
Myxoma virus (MV) and vaccinia virus (VV), which both belong 
to the poxviruses, encode numerous anti-apoptotic proteins, but 
lack obvious Bcl-2 homologues. The MV protein M11L and the VV 
protein F1L have been identified as major virulence factors that locate 
to the outer mitochondrial membrane, lack sequence similarity to 
any other protein and have been shown to inhibit apoptosis. We have 
determined the crystal structures of free M11L and M11L in complex 
with a Bak 26-mer peptide as well as the crystal structure of F1L, 
and investigated their antiapoptotic properties. Our analysis provides 
new insight into the mechanism by which MV and VV subvert host 
apoptosis to ensure virus survival.
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Influenza is a contagious respiratory illness causing annual 
epidemics.  The threat of a pandemic outbreak of influenza virus 
H5N1 has become a major concern worldwide. The nucleoprotein 
(NP) plays both structural and functional roles in influenza viruses 
and represents an attractive drug target.  Here we report the 0.33nm 
crystal structure of H5N1 NP, which is composed of a head domain, 
a body domain and a tail loop. Our structure resolves the important 
linker residues (residues 397-401, 429-437) that connect the tail 
loop with the remainder of the molecule and a flexible, basic loop 
(residues 73-91) located in an arginine-rich groove surrounding 
Arg150. Using surface plasmon resonance, this basic loop and 
arginine-rich groove, but mostly a protruding element containing 
Arg174 and Arg175, were found to be important in RNA binding.  A 
possible mechanism by which NP associates with RNA is as follow. 
First, the flexibility of the basic loop (residues 73-91) may allow it to 
sample the environment and capture RNA. The captured RNA could 
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then deliver into the arginine-rich groove. Second, our data show that 
the region centered around the protrusion is crucial for RNA binding 
and presumably is the major RNA binding site. The side chains of 
the arginine residues in this region are pointing towards each other, 
suggesting that this region may clamp the RNA into the groove. 
Third, we have found that an arginine rich region at the other end 
of the groove is also important for RNA-binding. Since 24-27 RNA 
nucleotides bind to an influenza NP molecule, the RNA is expected 
to make further contacts with NP in addition to binding along the 
arginine-rich groove.  This work may lead to the design of inhibitors 
for perturbing the transcription and replication of influenza virus.
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Viral protein R (Vpr) of HIV-1 is a small nuclear protein (14KDa) 
of 96 aa and has 3 regions consisting of aH1 (residues between 17 
and 33), aH2 (38 and 50) and aH3 (56 and 77). Vpr plays various 
roles in viral infection and cellular functions, and is also known 
as one of the possible mediators of the nuclear localization of 
preintegration complex. In a previous study, we showed that Vpr 
interacts with Importin-a through the aH1 and aH3 regions and that 
the interaction via aH1 is essential for entry into the nucleus but 
also for HIV-1 replication of macrophages. Crystal structures of 
the Vpr in complexes with Importin-a and inhibitors will therefore 
lead to discovery of novel lead compounds of HIV-1. Vpr (17-74 
and 17-81 residues) and Importin-a were expressed as recombinant 
GST fusion proteins in E.coli. Both proteins were purified by 
glutathione sepharose 4B column chromatography, and GST was 
cleaved by Prescission protease. Vpr was further purified by applying 
Electro-Eluting system with non-reduced condition. After loading 
to size exclusion column, each protein was buffer exchanged 
and concentrated to 5mg/mL (Vpr) and 10mg/mL (Importin-a), 
respectively. Crystallization conditions were determined and 
optimized in each protein. Co-crystallization and X-ray diffraction 
trials are under way to determine complex crystal structures of Vpr-
Importin-a and Vpr-Inhibitors.
[1] Nitahara-Kasahara Y., Kamata M., Yamamoto T., Zhang X., 
Miyamoto Y., Muneta K., Iijima S., Yoneda Y., Tsunetsugu-Yokota 
Y. and Aida Y. J. Virol., 81,5284, 2007. [2]Kamata M., Nitahara-
Kasahara Y., Miyamoto Y., Yoneda Y., Aida Y., J. Virol., 2005, 
79,3557. [3]Iijima S., Nitahara-Kasahara Y., Kimata K., Zhong 
Zhuang W., Kamata M., Isogai M., Miwa M., Tsunetsugu-Yokota Y., 
Aida Y., Virology, 2004,327,249.
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Folding, trafficking, maintenance, and degradation of proteins are 
all processes that depend on the assistance of molecular chaperones. 
Chaperones are proteins whose function is to assist other proteins 
in achieving proper folding. Many are heat shock proteins, that is, 
proteins expressed in response to elevated temperatures or other 
cellular stresses. Among these, GroEL is a double-heptameric 800 
kDa toroid, made of identical subunits that contains two central 
cavities, one in each ring that can accommodate proteins up to 60 
kDa. GroES is a single-ring heptamer that binds to GroEL in the 
presence of ATP or ADP. In this way, the complex GroES-GroEL 
forms a hydrophobic cavity where the substrate is folded and is 
subsequently returned to the medium. Interactions between the two 
rings in GroEL result in the allosteric regulation of ATP hydrolysis, 
binding, and release of folding substrates and the cochaperonin 
GroES. In order to gain information about the signalling pathway 
associated to cooperativity in this protein and to better understand the 
role of the interface in the allosteric communication, two different 
mutants that lack negative cooperativity were studied: GroELE434K 
and GroELE461K. Crystallographically solved structures of these 
mutants explain the role of the interface between the rings  in the 
allosteric communication and help to describe the conformational 
changes that are the cause of the different behaviour of the mutants. 
On the other hand, regions that stay unaltered during the functional 
cycle were found. The studies conclude that: i)together with en-bloc 
domain movements, allosterism is held in GroEL by the combination 
of rigid and deforming regions within  subunits and ii) salt bridge 
pathways control  allosteric communication in GroEL.
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The SNARE (soluble N-ethylmaleimide-sensitive factor attachment 
protein receptor) proteins facilitate vesicle docking and fusion by 
forming SNARE complexes. These complexes are formed by the 
interaction of cognate SNAREs found on opposing membranes 
during fusion. The Sec/Munc (SM) family of proteins are a group of 
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