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An important step in the characterization of proteins is the 
determination of their molecular weights and their multimeric state in 
solution. Accuracies of classical methodologies for the determination 
of the molecular weight of proteins in dilute solution were recently 
evaluated by Mylonas & Svergun [1]. These authors demostrate that 
the molecular weight of a protein can be obtained by comparing 
the experimental SAXS curve produced by the protein in dilute 
solution (i) to another experimental SAXS curve corresponding 
to a standard protein with known molecular weight, or (ii) to a 
SAXS curve corresponding to pure water leading in this case to 
the determination of SAXS intensity of the studied protein in an 
absolute scale. Both of these procedures require the determination of 
at least two SAXS curves. In addition, the first procedure requires the 
precise knowledge of the protein concentration, which is frequently 
not known with high accuracy, and the second method needs the 
determination of the SAXS intensity by water with a considerable 
precision, which implies in rather long counting times. Both 
methodologies yield the molecular weight of proteins with an error 
of about 10% provided the solute concentration is measured with an 
accuracy of 5 – 10 %, which might not always be straightforward. 
A novel procedure for the determination of the molecular weight of 
proteins in diluted solution from a single SAXS curve measured on 
a relative scale is avaiable, which uses experimental data of a single 
small angle X-ray scattering (SAXS) curve measured on a relative 
scale [2]. This procedure does not require the measurement of SAXS 
intensity on an absolute scale and does not involve a comparison with 
another SAXS curve determined from a known standard protein. 
The proposed procedure can be applied to monodisperse systems 
of proteins in dilute solution, either in monomeric or multimeric 
state, and it was successfully tested by applying it to SAXS data 
measured for 22 proteins with known molecular weights. The 
molecular weights determined by using this novel method of all the 
measured set deviate from their known values by less than 10 % and 
the average discrepancy was 5.6 %. Importantly, this method allows 
for a simple and unambiguous determination of the multimeric state 
of proteins with known monomeric molecular weight. 
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The HIV Gag poly-protein is the main structural component 
of the viral capsid and is sufficient to form virus-like particles in 
vitro. During viral maturation the Gag poly-protein undergoes a 
series of specific proteolysis events catalysed by the viral protease. 
Conformational change in the polyprotein is suggested by the 
specificity of the proteolytic sequence and by gross structural 
rearrangement of the viral capsid. However, conformational change 
in the Gag polyprotein has not previously been measured due to the 
inherent flexibility of Gag and its tendency to aggregate. 

We have used SAXS together with CD and a combination of 
biochemical methods to analyse the orientation of the four domains 
of Gag in solution and to track how their relative orientation changes 
during the proteolytic processing that is part of this proteins normal 
life cycle.

To control for aggregation and multimerisation we have used 
absolute calibration of scattering intensity, protein dilution series, size 
exclusion chromatography with in-line SAXS, Gag mutants deficient 
in dimerisation, SAXS measurements of bands in native gels and 
complementary methods such as MALS and DLS. The work reveals 
an important aspect of HIV biology and has broader application to 
the study of aggregation prone proteins by SAXS. 
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The application of pressure can be shown to have an effect on small 
molecules by changing their properties either chemically or physically, 
providing an extremely interesting and novel way to fine tune materials, 
such as the use of high pressure to alter the cavity size within porous 
materials [1].

Metal oxides are extracted using either pyrometallurgical or 
hydrometallurgical techniques, with the later being more economical. 
Salicylaldoxime based ligands are heavily used in the copper industry 
with some 20% of the world’s copper extracted in this way. The 
selectivity arises from the goodness of fit of the cavity with the Cu2+ 
ion. It has been shown that high pressure can be used to alter the size of 
the cavity [2], [3] with an increase in pressure resulting in a decrease in 
cavity size. Can we use high pressure to tune this cavity so that we can 
actively select specific metals? 

This work has involved the use of high pressure crystallography to 
examine various salicylaldoxime ligands to investigate their properties 
and their possible involvement in improving extraction processes. 
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This study builds on the work of Allan et al [1], which reports 
structural change in the square planar mononuclear complex cis-
[PdCl2([9]aneS3)] ([9]aneS3 = 1,4,7-trithiacyclononane). At 44 kbar 
this complex changes to give an intensely coloured chain polymer 
with the metal centre adopting a distorted octahedral coordination. 
We have examined related Pd(II) thioether complexes of the form 
[PdXY([9]aneS3)]PF6, where X and Y represent different electron-
withdrawing ligands.

At ambient pressure it is known [2] that by using π-acceptor ligands 
such as phosphines the apical Pd∙∙∙S bond contracts to around 2.8 Å. 
π-donor ligands as shown in the chloride have longer apical Pd∙∙∙S 
distances (3.16 Å for chloride). We argue that using by π acceptor 
ligands we might induce phenomena to occur at lower pressures than 
otherwise, including higher coordination numbers. 

We can control the extent of π-π stacking interactions in [Pd([9]ane
S3)(PPh3)2][PF6]2 as a function of pressure. Unusually, this also causes a 
deformation of the internal structure of the cation, with pyramidalisation 
at the ipso carbon of one phenyl ring (Figure 1). With increasing 
pressure, the P1─C11∙∙∙C14 angle (α) decreases significantly, from 
169.8° at ambient pressure and 149.3° at 65.5 kbar. 
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Figure 1. [Pd([9]aneS3)(PPh3)2][PF6]2 at 65.5 kbar (H atoms and anions 
omitted for clarity, only ipso C atoms of other phenyl rings shown).
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Transformations of hydrogen bonds, their braking and formation 
in new molecular aggregates are frequent elements of chemical 
or biological processes. Studies of such transformations in simple 
molecular model compounds provide useful understanding of their 
mechanism.

Benzene belongs to the most common and best known organic 
compounds. Its simple and highly symmetric molecular structure 
inspired the concept of aromaticity. Molecular arrangements of benzene 
have been determined at the lowest limits of pressure ranges of phase I, 
at 0.15 GPa, and phase II at 0.91 and 0.97 GPa, all at 295 K. Benzene 
molecules in both phases interact by specific C−H∙∙∙π(arene) hydrogen 
bonds. In phase I the they are bonded approximately perpendicular into 
sheets and there are substantial voids between the molecules within the 
sheets. The mechanism of benzene I/II phase transition can be described 
as a collapse of the voids between C−H∙∙∙π(arene) bonded molecules in 
phase I, and shifts of the neighboring sheets. Due to the elimination 
of the voids, the interpenetration of molecules into the neighboring 
voids decreases, which increases the thickness of the sheets, and partly 
compensates the volume change of the voids collapse. In the result a 
small transition volume change between benzene I and II, the sluggish 
nature of the phase transition and its large pressure hysteresis have 
been observed [1].

Guanidinium nitrate, C(NH2)3
+NO3

−, is regarded as a model system 
for N−H∙∙∙O hydrogen-bonded structures and their transformations. 
The guanidinium cation and nitrate anion are ideal H-donor and H-
acceptor of six H-bonds, respectively. Highly favoured N−H∙∙∙O 
bonded honeycomb layers in guanidinium nitrate is destabilized by 
pressure of 0.6 GPa, and the novel motif of 3-dimensional N−H∙∙∙O 
bonded aggregation in high-pressure phase IV have been determined 
for in situ grown single-crystal by X-ray diffraction. The mechanism 
of the transition involves the collapse of voids present in phases I, 
II and III. The established P/T phase diagram of guanidinium nitrate 
illustrates a considerable hysteresis of the phase IV boundaries, caused 
by the strongly reconstructive character of the transition [2].

In conclusion, the benzene and guanidinium nitrate crystals reveal 
typical features of hydrogen-bonded aggregates containing voids at 
normal conditions.
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