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The study of human protein complexes has proven 
to be particularly difficult, in part due to the fact that 
many individual eukaryotic proteins, when examined in 
isolation, are seen to have large continuous regions that 
are intrinsically disordered. An interesting example of this 
can be seen in a family of neural cell adhesion proteins, 
which are single-pass transmembrane proteins, and bear 
substantial sequence similarity to cholinesterases (ChEs). 
The regions of sequence similarity correspond to only 
parts of their complete sequences, thus establishing the 
ChE domain as a modular domain incorporated into a 
group of proteins that we have called ‘cholinesterase-
like adhesion molecules’ (CLAMs). CLAMs are devoid 
of catalytic activity, since they lack residues crucial for 
catalysis. They play, however, a key role in the earliest 
stages of the development of the central nervous system 
(CNS) and mutations in the ChE domain of one of 
them, neuroligin, are associated with autism and mental 
retardation. The cytoplasmic domains of CLAMs bear no 
sequence homology to any known protein. In silico studies 
on the analysis of the structure of CLAMS, via FoldIndex© 

[1] (http://bioportal.weizmann.ac.il/fldbin/findex), has 
predicted which regions are likely to be unfolded. These 
results are compared to physicochemical studies, which 
demonstrate experimentally that the cytoplasmic domains 
of the CLAMS are, in fact, Intrinsically Disordered Proteins 
(IDP) [2],[3],[4]. FoldIndex© is also being used routinely, 
at the Israel Structural Proteomics Center (http://www.
weizmann.ac.il/ISPC), to aid in crystallization of proteins by 
first predicting which regions of a protein sequence is likely 
to be intrinsically disordered, and subsequently eliminating 
these stretches from the construct that is cloned.
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In recent years, increasing evidence was reported that 
crystallization from solution does not exclusively follow the 
classical pathway of atom / ion / molecule mediated layer 
wise growth of a critical crystal nucleus. This was triggered 
by the discovery of amorphous or even liquid precursors to 
single crystals in Biomineralization and additive controlled 
crystallization events. Particle mediated crystallization 
pathways were found to be important besides the classical 
crystallization path. As all these reaction channels can lead 
to a single crystal end product, it is often difficult to reveal 
how this single crystal has formed. 
In this presentation, examples will be given for stable 
subcritical CaCO3 clusters, which can already be found prior 
to nucleation [1]. Nucleation of the subsequent amorphous 
phase seems to be triggered by cluster aggregation. Finally, 
crystals are formed. Crystallization control in classical 
and nonclassical (particle mediated) crystallization can 
therefore be controlled at various reaction levels by polymer 
additives. These additives can already have an influence on 
the crystallization reaction before nucleation has taken place. 
The reaction path diversifies into classical and nonclassical 
crystallization after nucleation and consequently the 
possibilities to modify crystal growth by additives. The role 
of amorphous and liquid precursor particles and oriented 
aggregation and mesocrystal formation will be discussed 
highlighting the importance of such reaction channels in 
Biomineralization but also for crystallization as such.
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The recent advances made in inelastic X-ray scattering 
methods with meV resolution will be reviewed. Measurement 
of phonon density of states, Debye sound velocity, phonon 
dispersion relations, bulk and shear modulus, dynamic 
viscosity, stiffness, and resilience of variety of materials, 
under extreme conditions will be discussed with specific 
applications in proteins, and minerals under high pressure, 
or nano-particles and surfaces. This work is supported by 
US DOE-BES Materials Science under contract number 
W-31-109-ENG-38. Most of this work is done in close 
collaboration with Drs. W. Sturhahn, T. Toellner, J. Zhao, 
A. Alatas, H. Yavas, B. Leu and L. Gao,  all of Argonne 
National Laboratory, and their collaborators around the 
world.
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