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Currently, the major deficit in structural biology is a lack of high-
resolution structures of mammalian membrane proteins, many of 
which are key drug targets for the treatment of human disease. 
Numerous membrane proteins, particularly those of mammalian 
origin, require specific lipids for their stability and activity. To 
address this issue we have developed a sparse matrix crystallization 
screen consisting of 48 different lipidic-sponge phase conditions. 
Sponge phases consist of lipid bilayers with intersecting water 
channels. The water channels allow membrane proteins with large 
aqueous domains to be incorporated with their hydrophobic domains 
reconstituted into the membrane, mimicking their native environment 
and thus facilitating crystallization. The sponge phases are liquid 
at room temperature and the most obvious practical advantage of 
this approach is that they can be used directly in vapour diffusion 
experiments. This liquid property is also compatible with crystal 
drop dispensing using crystallization robots and greatly facilitates the 
mounting of protein crystals in nylon loops. Furthermore it allows 
optimization using additives as well as other techniques such as 
seeding. The sponge phase screen was designed to contain different 
solvents, salts and pH to accommodate the requirements of many 
membrane proteins. In some cases, other lipids such as cholesterol 
were incorporated into the phases to provide extra stability for the 
proteins. This approach yielded crystals of the photosynthetic core 
complex of Blastochloris viridis. The screen’s effectiveness was 
further proven by crystallization experiments using protein from 
other bacteria as well as from higher plants. Crystals were obtained 
for 8 out of 12 proteins and are currently undergoing optimization.
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CueO is a multicopper oxidase (MCO) involved in Cu-homeostasis of 
E.coli.. CueO has the four catalytic copper binding sites, a type 1 Cu, 
a type 2 and a pair of type 3 Cu’s, in a single chain protein molecule 
consisting of 484 amino acids. CueO has fifth Cu-binding site as the 
substrate-binding site, which is isolated from bulk waters by the Met-
rich α-helical segment. The high cuprous oxidase activity of CueO 
is realized by the presence of this fifth Cu-binding site. Furthermore, 
CueO exhibits enhanced oxidizing activities for organic substrates 
in the presence of Cu2+ ion at the fifth Cu-biding site. Nevertheless, 
it has been recently reported that CueO receives electrons directly 
from electrodes even in the absence of the fifth copper and oxygen 
reduction current is very large. Especially, a recombinant protein (Δα
5-7 mutant) of which the Met-rich α-helical segment was genetically 
removed has been considered to be an important candidate as a 
catalyst of the cathode in biofuel cell because the distance between 
electrodes and the type I Cu site becomes shorter. Although the 
structures of the CueO and Δα5-7 mutant have already been 
revealed by X-ray crystallography, it remains unclear whether the 
present structures were fully oxidized form or not. It is impossible 
to characterize the state of the obtained structure without knowing 
the protonation state of bridging oxygen or amino acid residues 
in the vicinity of the oxygen reduction site. Neutron diffraction 
experiment is an essential technique for observing those protonation 
states. We have succeeded in crystal growth of the Δα5-7 mutant 
in D2O environment based on the obtained crystal phase diagram 
under H2O environmental condition. So far, the size of which is 
0.8mmx0.8mmx0.3mm, is obtained.
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Even-numbered n-alkanes exhibit a variety of crystalline phases 
depending on crystallization conditions and also thermal process.  
These crystal structures can be classified with two categories, 
polymorphism and polytypism, although the latter has not been fully 
taken into consideration in the polymorphic studies of n-alkanes.  
For the comprehensive understanding of the relationship between 
polymorphism and polytypism in n-alkanes, we have studied the 
condition that a specific polymorphic phase exhibits polytypism and 
also the influence of polytypism on thermodynamic stability and 
phase transition behavior by means of X-ray diffraction, IR, and 
inelastic neutron scattering. We followed the solution crystallization 
of the M011 phase of n-C36H74 using a micro-FTIR system.  For this 
purpose, we developed an obliquely incident optical system, which 
makes it possible to identity the polytype of a growing single crystal.  
We found that a polytypic transformation takes place on a growing 
single crystal.  At the initial stage, a single crystal of M011 appeared 
as the single-layer polytype.  The overgrowth of the double-layer 
polytype occurred subsequently through heterogeneous nucleation 
on the (001) face of the single crystal.  After that the single crystal 
gradually transformed to a complete single crystal of the double-
layer polytype through a solution-mediated phase transition. The 
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results of inelastic neutron scattering suggested that the density of 
states for vibrational modes is a dominant factor for the relative 
thermodynamic stabilities of the two polytypes.  The density state in 
low-frequency region is higher in the double-layer polytype, which 
gives rise to the stability of the double-layered polytype due to the 
entropic term.
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The molecular control of inorganic crystallization by organic 
substances is a key technology for the fabrication of novel materials 
that has recently received a considerable amount of attention. This 
process mimics biological mineralization in which a preorganized 
organic phase controls mineralization processes. This control is 
assumed to be mediated by specific interactions between certain 
crystal planes and biological macromolecules that are most 
conveniently referred to as acidic macromolecules. Microstructural 
control is exerted on all levels, from the molecular and nanometer 
scale to the overall three dimensional structure (1, 2). In this work, the 
effect of a biodegradable, environmentally friendly polysaccharide-
based polycarboxylate, biopolymers, on the crystal growth kinetics 
of hydroxyapatite was studied. We present a facile way to produce 
HAP nanoparticles by wet chemical synthesis under controlled 
temperature, pH, and atmospheric conditions. Throughout the course 
of the seeded growth experiments, the pH of the working solution 
and the added volume of titrants as a function of time were recorded 
and stored in the computer for further analysis. The experimental 
results show that the retardation in mass transport in growth process 
is controlled by the carboxylation degree of the biopolymer and its 
concentration.
1. O. Dogan, M. Oner, Langmuir 22, (2006), 9671.
2.  M. Oner,  O. Dogan,  Progress in Crystal  Growth and 
Characterization of Materials, 50,(2005), 39.
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Information on growth mechanisms of crystals is inevitable 
to understand and control crystal structures, size, and quality. 
Interactions in nucleotide crystals consist of hydrogen bonds, van 
der Waals interactions and ionic bonds. Therefore nucleotide crystals 
situate at intersection of inorganic crystals, molecular crystals and 
crystals of macromolecules. As the first sample of nucleotides, crystal 
growth of disodium inosine 5’-monophosphate (Na2IMP) octahydrate 
was investigated. Na2IMP crystallizes from an aqueous solution. 

Under high supersaturation, rod-shaped crystals elongated along the a 
axis were obtained. Plate form with well developed {0 0 1} appeared 
under low supersaturation. Crystals with well developed {0 1 0} 
appeared occasionally. The crystals were twinned frequently. In-situ 
observation of the crystal surfaces was carried out using a differential 
interference microscope and a phase contrast microscope. Under 
high supersaturation, spiral 
growth and 2D islands were 
observed on {0 0 1} and/or 
{0 1 0}. The morphology and 
surface microtopograph will be 
discussed based on the crystal 
structure.
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Recently, polymer such as polyethylene glycol (PEG) is the 
most frequently used reagent in a protein crystallization solution. 
However, the optimization of a salt concentration as an additive 
has not been discussed so often. We have focused on an optimum 
salt concentration in the crystallization solution in which PEG was 
used as a precipitant. To know the optimum concentration of the salt 
in a certain PEG reagent, the counter-diffusion method1,2 is useful 
because the salt diffuses into a capillary much faster to reach the 
maximum concentration than a PEG of high molecular weight such 
as PEG 4000. We crystallized alpha-amylase and lysozyme in a 30% 
PEG 4000 solution with various concentration of NaCl. We obtained 
alpha-amylase and lysozyme crystals in the concentration range 
between 0.2 and 0.3 M and between 0.3 and 0.7 M, respectively. 
These results suggested that there was an optimum range of the salt 
concentration for the crystallization if the concentration of the PEG 
was fixed. It was consistent with the results predicted previously3. In 
another word, an unsuccessful PEG-based crystallization condition 
can be changed to a successful one if the salt concentration is 
changed.
Reference
[1] Garcia-Ruiz, J.M. & Moreno, A. (1994). Acta Cryst., D50, 
484-490.
[2] Tanaka, H., Inaka, K., Sugiyama, S., Takahashi, S., Sano, S., Sato, 
M. & Yoshitomi, S. (2004). J. Synchrotron Rad. 11, 45-48.
[3] Matsushima, M. & Inaka, K. (2007) The 7th Annual Meeting of 
the Protein Science Society of Japan, 2P-113.

Keywords: crystallization method, optimization, counter-
diffusion method

C584


