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Å resolution with R-merge 5.7, mosaicity 0.295 and completeness 
86.9%4. On the other hand, L-PGDS crystals were previously 
obtained with citrate as a precipitant and diffracted to 2.0 Å (PDB 
ID: 2CZT). In microgravity, we obtained L-PGDS crystal which 
diffracted up to 1.0 Å resolution with R-merge 0.064, mosaicity 0.16 
and completeness 98.8%.
References
[1] Urade, Y. et al. (1989). J. Immunol. 143, 2982-2989.
[2] Qu, W.-M. et al. (2006). Proc. Natl. Acad. Sci. USA. 103(47), 
17949－17954.
[3] Aritake, K. et al. (2006). J. Biol. Chem. 281, 15277-15286.
[4] Takahashi, S. et al.(2008) Acta Cryst. F, submitted.

Keywords: atomic resolution crystallography, inhibitor and 
drug design, microgravity crystallization

P04.23.442
Acta Cryst. (2008). A64, C368

Protein helix-dipole calculations based on experimental 
electron densities
Dorothee C. Liebschner, Benoit Guillot, Christian Jelsch, 
Claude Lecomte
Faculte des Sciences et Techniques, LCM3B, BP 239, Boulevard des 
Aiguillettes, Vandoeuvre-les-Nancy, Lorraine, 54506, France, E-mail：
dorothee.liebschner@lcm3b.uhp-nancy.fr
　

Since the 1970’s, it has been assumed that the alpha helix represents 
a macro dipole. This is due to the dipole moment of the individual 
peptide units, which are aligned parallel to the helix-axis and thus 
form a macro-dipole. The helix-dipole is guessed to have effects 
upon the functioning and structure of proteins [1]. However, the 
exact dipole strength is still unclear. Estimations include only the 
atomic charges of the main chain and not of the side chains. Dielectric 
measurements of the dipole strength using helical oligopeptides in 
solution have been made [2], but lack of precision as the percentage 
of the peptides with helical conformation is unknown. Here, 
we propose an estimation of the alpha-helix-dipole referring to 
experimental electron density distributions. The electron density of 
isolated amino acid compounds has been refined with the program 
MoPro (Molecular Properties, [3]) using the Hansen and Coppens 
multipole formalism [4] to create an experimental electron density 
distribution database (ELMAM, [5]). The atomic charges described 
in the ELMAM database are then transferred to the protein. The 
dipole moment of the alpha-helix is calculated either by using the 
transferred charges or, if the protein diffracts at subatomic resolution 
below 0.8 Å, by using charges that are refined against X-ray 
diffraction data.
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Human aldose reductase (hAR) is a NADPH dependent enzyme 
involved in diabetes complications. Crystals of hAR in complex with 
NADPH and the Idd594 inhibitor diffract up to 0.66Å resolution 
[1]. Such subatomic resolution X-ray data allows, after a restrained 
IAM refinement, the observation of significant residual deformation 
electron density on covalent bonds. This residual electron density 
peaks are the deviation from the spherical approximation of the 
atomic electron clouds, due to chemical bonding. The Hansen & 
Coppens [2] multipolar model, implemented in the MoPro [3] 
software, allows taking into account the deformation electron 
density. Hence a constrained multipolar refinement of hAR has been 
performed, leading to decreased atomic thermal motion amplitudes 
and better stereochemistry [4]. Here we present the continuation of 
this work: a precise, unconstrained, charge density analysis focusing 
on hAR active site. Deformation electron densities of the NADPH 
cofactor, the Idd594 inhibitor and the catalytic amino acids have been 
modelled using the multipolar formalism. Then a topological analysis 
of hAR active site electron density has been performed in order to 
derive informations related to the inhibitor binding and the catalytic 
mechanism.
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Endopolygalacturonases (endoPGs) are inverting glycosidases that 
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catalyze hydrolysis of the glycosidic linkages in the polygalacturonic 
acid of pectin.  The reaction undergoes the general acid base 
catalysis in which proton transfer plays the most important role of 
the mechanism.  Thus, we determined the sub-atomic-level structure 
of endoPG I from Stereum purpureum by joint X-ray and neutron 
diffraction. The enzyme was expressed in E. coli Origami and 
crystallized by a macro seeding method.  For the X-ray study, the 
crystals (ca 0.25 mm3) were soaked into a cryoprotectant solution 
and flash frozen in liquid nitrogen.  X-ray diffraction data (10 - 0.62 
Å) was collected at beam line BL41XU in SPring-8 using a helium 
cryostat (40 K).  Rmerge, Rp.i.m.. and completeness of the X-ray data 
are 6.3% (50.0% in the most outer shell), 2.4% (21.6%) and 93.7% 
(55.0%), respectively.  The final model of X-ray (R = 8.8%, Rfree = 
9.8%) contains 2,433 hydrogen.  For the neutron study, the crystals 
(ca 4.0 mm3) were soaked into a D2O solution to decrease incoherent 
scattering from hydrogen.  Neutron diffraction data (20 - 1.5 Å) was 
collected using BIX-4 in JRR-3 reactor of JAEA at room temperature.  
Rmerge and completeness of the neutron data are 11.7% (24.8%) and 
89.1% (68.5%), respectively.  The final model of neutron (R = 21.3%, 
Rfree = 23.0%) contains 2,227 hydrogen and 301deuterium. Visibility 
of hydrogen and deuterium atoms on the electron and nuclear density 
map will be presented.
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Recently, high brilliance and small divergence synchrotron beam 
lines, X-ray data collection at low temperature and technical 
advances in crystallographic analysis have significantly improved the 
resolution and quality of X-ray crystal structures. In this study, bovine 
H-protein of glycine cleavage system was used as a model protein for 
high-resolution X-ray crystallography. High-resolution crystals were 
grown by micro-seeding technique. Data collections were performed 
using synchrotron radiation from Photon Factory beamline BL5A 
and NW12A. Three data sets were collected for high-, mid- and low-
resolution data to avoid the saturation of high intensity diffraction. 
High-resolution diffraction data of H-protein were observed up to 
0.80Å resolution. The data were integrated, scaled and merged using 
the DENZO and SCALEPACK programs. H-protein belongs to space 
group C2, with the cell dimensions a=84.5Å, b=41.3Å, c=43.1Å, β 
=91.2° The overall Rmerge based on intensities for all data was 5.2% 
with its completeness of 98.9% against data to 0.88Å resolution. 
Refinement was carried out by REFMAC5 and SHELXL programs. 
The refinement of H-protein were proceeding against data to 0.88Å 
resolution. An Rfactor and free-Rfactor was 11.6% and 13.4%. Hydrogen 
atoms were added to the model at predicted positions, lowering the 
Rfactor and free-Rfactor by approximately 1.0%. This high-resolution 
structures provide us more reliable geometric and conformational 

properties of the protein. We will make improvement to the method of 
high-resolution X-ray structural analysis, and circumstantially assess 
the high-resolution structure to obtain the specific information of the 
protein stereochemistry.
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Antifreeze proteins (AFPs) are preferentially adsorbed onto the 
surface of embryonic ice crystal to inhibit further growth of the 
crystal, leading to reduce the freezing point of the solution below 
the melting point. Various types of AFPs have been identified from 
cold-adapted organisms including fishes, insects and plants that 
can survive subzero temperature. Three-dimensional structures 
have been determined for several types of AFPs, revealing that they 
exhibit the distinct structural features. We have identified a novel 
AFP from snow mold fungi Typhula ishikariensis, which has no 
sequence identity to the known types of AFPs. Recently, proteins 
that could bind to ice were reported from ice diatom and bacterium 
in Antarctica, which share high sequence identities with the fungal 
AFP. Therefore, these AFP homologues are widely distributed in 
various taxa in microorganisms and considered to be a new type of 
AFPs. In order to elucidate the antifreeze mechanism underlying 
in microorganisms, we determined the crystal structure of T. 
ishikariensis AFP. Diffraction data were collected on beamline 
BL44B2 at SPring-8, Japan. The refined structure of T. ishikariensis 
AFP at 0.95Å resolution revealed that it was composed of a right-
handed β-helical domain and a single α-helix aligned parallel to the 
helical axis of the β-helix. The helical structures have been identified 
in structures of insect and fish type-I AFPs. While those AFPs have 
characteristic repeat of residues in the molecular surface considered 
to contribute to the ice-binding, T. ishikariensis AFP exhibits less 
repetitive residues, suggesting that fungal AFPs bind to the ice 
by other mechanism. Further experiments including site-directed 
mutagenesis are necessary for the determination of the ice-binding 
site.
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