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Abstract—Protein crystallization is a complex physical and chemical process. The high-quality protein crystal is still a
persistent bottleneck to the application of X-ray crystallography in structural biology. The additives may promote for-
mation of crystal nucleus and subsequent growth in protein crystallization. As a distinct material, ionic liquids (ILs)
have aroused great attention and interest for protein crystallization due to their unique properties. We reviewed the pro-
gress of protein crystallization and reported research about protein crystal morphology control by ILs, as crystal growth
template, in aqueous solutions. ILs encourage changes in some cases in terms of growth morphology and crystal size.
The effect of ILs on lysozyme growth morphology can be attributed to changing interaction among lysozyme molecules
in aqueous solutions. This work can provide some initial insight into the preparation of high quality crystal and the

development of new crystal form.

Keywords: Protein Crystallization, Crystal Morphology, Ionic Liquids, Lysozyme

IMPORTANCE TO PROTEIN CRYSTALLIZATION

The knowledge of the three-dimensional structure of biomolecules
could provide useful information about the mechanism of molecu-
lar behavior at the atomic level. Such information forms a very im-
portant part of biology, as well as medicine, biotechnology, and any
field dependent upon new applications of biomacromolecules [1,2].
X-ray diffraction, which is the most reliable method to determine
the structure of biomacromolecules, plays a fundamental role in
connecting the dots between genomic data and biological function
by providing accurate structural information to resolve several sig-
nificant research problems [3,4]. Solving protein structures by X-
ray crystallography is contingent upon the availability of ordered,
high-quality macromolecular crystals. Therefore, obtaining good qual-
ity protein crystals is a critical step within the process of X-ray struc-
tural analysis.

CURRENT SITUATION AND PROGRESS IN PROTEIN
CRYSTALLIZATION

Up to the present, preparation of high-quality macromolecular
protein crystals, in particular ones that have low solubility and easily
aggregate, and even a large percent of soluble proteins, is still a per-
sistent bottleneck to the greater application of X-ray crystallography
in structural biology [3,5]. Although many techniques for protein
crystallization, including high-throughput cloning [6], protein pro-
duction [6,7], purification [8], automated crystallization screening
[9], application of nanotechnology [10] to the field introduced microf-
luidic devices and biocompatible materials with new properties, have
been developed, successful crystallization is still largely empirical
and operator-dependent. It can be concluded that there is no single
universal method for the crystallization of protein. However, inspec-
tion of the Protein Data Bank (PDB) [11], with its impressive num-

Table 1. Dominant themes and new trends of biological macromolecules in ICCBMs [7]

Dominant themes

New trends highlighted

Mechanisms and physics of protein crystal growth, particular
attention to macromolecular solution properties and the effects of
ions, solvents, and cosolvents

Novel crystallization methods as exemplified by crystallization in
gels, under oil, under magnetic field, under high pressure, under
an external electric field

Purity, and related to it, impurities in protein crystallization

Nucleation initiation on mica plates, and by stirring

Crystal perfection and defect structure, Comparisons with the
solution growth of small molecules

Novel crystallization strategies based on chemical considerations:
combinatorial approaches, rational use of additives

Physical processes related to microgravity

"To whom correspondence should be addressed.
E-mail: blue tju@163.com
Copyright by The Korean Institute of Chemical Engineers.

919



920 Z. Wang et al.

ber of structures, would seem to indicate that great advances have
been made in protein crystallization. Scientific results reported at
the International Conferences on the Crystallization of Biological
Macromolecules (ICCBMs) have contributed substantially to these
advances. Crystallogenesis research trends in the last two decades
as seen from the International Conferences on the Crystallization
of Biological Macromolecules (ICCBMs) are listed in Table 1.

As already described [8,12,13], many methods of protein crys-
tallization exist. However, insight into the nucleation and crystalli-
zation processes is still a challenge [14]. The concept of nucleation
and its connection to crystal growth has to be understood in order
to select the appropriate crystallization method [15]. The analysis
of nucleation applied to protein crystal growth, protein solubility
and temperature dependency has proven to be useful when grow-
ing crystals suitable for X-ray analysis [16,17], which can give rise
to valuable information about the supersaturation conditions as well
as on crystal quality improvement. The mechanisms of crystal growth
are also particularly important for understanding the history of the
crystallization process. Scanning electron microscopy, as well as
atomic force microscopy, have pioneered efforts in the investigation
of crystal growth mechanisms [18,19]. Some different experimental
techniques for the measurement of nucleation and crystal growth
kinetics were published [20,21]. Despite all this, additional research
is needed to explore physical and chemical properties of macro-
molecular solutions and the change of protein-protein interactions.

THE FACTORS INFLUENCING PROTEIN
CRYSTALLIZATION

Except for factors of protein itself, such as protein purity, aggre-
gation state, origin, hydrolysis, symmetry, stability and isoelectric
point, factors impacting protein crystallization can be divided into
two categories: physical and chemical aspects.

1. Physical Aspect

With regard to macromolecular physic factor, including temper-
ature, gravity, pressure, magnetic field, crystal defects and so on,
the relative importance of physical factors affecting the crystallization
process is not fully understood. However, inspection of the Protein
Data Bank, with its impressive number of structures, seems to in-
dicate that the great advances have been obtained in protein crystal-
lization. This is true to some extent and is due to advances in physical
aspects such as sample preparation, screening methods, and auto-
mated crystallization technologies. A better understanding of the pro-
tein crystal growth has also contributed to more rational approaches to
protein crystallization. Scientific results reported at previous [CCBMs
have contributed substantially to these advances [22]. Waizumi indi-
cated a novel pH-dependent nucleation and growth of insulin crys-
tals via liquid droplets, where the viscosity of the crystallizing sam-
ples also plays a critical role [23]. Koizumi, et al., exploring the mech-
anical properties of lysozyme crystals, showed their connection to
elasticity and characterized crystal imperfections [24]. Particularly
impressive were the results of two Japanese scientists from Tohoku
University at Sendai. They presented new instruments and a host
of intriguing observations on molecular diffusion on crystal surfaces
by advanced confocal microscopy and exquisitely sensitive interfero-
metric approaches to analyze growth step advancement and growth
mechanisms [25,26]. Bergfors reviewed fundamental approaches
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and their practical application, whereas Chayen described the use
of a new substrate for the promotion of crystal nucleation [22].
2. Chemical Aspect

Chemical factors influencing the crystal growth of protein include
pH value, precipitant types and solution concentration, specific ions,
ionic strength, supersaturation degree and the existence of impuri-
ties, in which the impact of the precipitants and additives on protein
crystallization has received considerable attention.

For protein crystallization, the main impact of precipitant is on
the solvent (water) rather than the protein molecules. Two types of
protein precipitant, salts and organic solvents, are based on a com-
pletely different mechanism. Salt can damage the hydration layer
of the protein surface, reduce binding capacity of the protein and
water, and increase the binging capacity between proteins. Organic
precipitation agent can reduce the dielectric constant to weaken the
electrostatic repulsion and polarity. However, the purpose of the
various precipitation agents is actually to increase the attraction power
among the proteins and promote the generation of chemical bonds
which constitute the protein crystals.

3. What Additives Can Assist

The additives, as an important factor, on influence of the protein
crystallization may increase the protein solubility, reduce the sur-
face energy of the crystal, and promote formation of crystal nucleus
in protein crystallization [27]. The additives have many different
types, and there is no fixed form. A large number of works have
indicated that the control of protein crystallization by additives is
potentially very useful for crystal structure determination, as well
as for industrial applications [28]. Additives are normally applied
to improve the order of poorly diffracting crystals or to reduce the
branching of crystals and the growth of crystal clusters through sup-
pressing random aggregation of protein molecules [29,30]. Some
studies have shown that the effects of additives on the solubility of
proteins are related to the molecular interactions [2]. To address bottle-
neck of protein crystallization and improve the crystallization poten-
tial of protein, robust crystallization strategies need to be developed.
One potential approach is to find new materials or additives specif-
ically recognizing the protein so that interaction in solution is formed
that is better suitable for protein crystallization.

4. Uses of ILs in Protein Crystallization

The ILs, as distinct materials, have attracted more and more atten-
tion due to their unique physical and chemical properties with low
melting points that can exhibit intrinsically useful characteristics such
as a wide liquid range, a negligible vapor pressure and a high electric
conductivity [31-33]. ILs are considered as the alternative of vola-
tile organic solvents in chemical processing and extraction and have
numerous potential applications in many other fields. These com-
pounds have been applied as solvents for organic reactions [34] and
for liquid-liquid extraction [35].

One advantage to the use of ILs is the wide range of possible struc-
tures. According to types and characters of proteins, ionic liquids
can be designed for the crystallization of proteins to optimize and
control the crystallization process to meet specific application require-
ments. The applications of ILs related to the protein crystallization
are being reported because of the potential for productive interac-
tion between ILs and protein [36,37]. Additionally, ILs are useful
for improving the monodispersity of proteins which exhibit multi-
ple aggregation states. ILs as additives have been applied into protein
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crystallization [37,38]. The results indicated that ILs are favorable
for macromolecule crystallization and good diffraction crystals were
obtained. The kinetics of protein crystallization was significantly
enhanced by addition of water-soluble ILs. Even at higher salt con-
centrations, precipitation could be avoided reliably. The crystal poly-
morphism could be reduced compared with experiments without
ILs. As a result, the addition of ILs tends to result in larger crystals.
In carrying out this function, the additive presumably affects spe-
cific intermolecular interactions so that more defined and a more
ordered or higher dimensional solid state is attained.

Judge et al. [37] used sixteen ILs for the crystallization behavior
of five model proteins. The results illustrated that the proteins pro-
duced changes in crystal morphology and significantly increases in
crystal size in some cases by adding ILs. Crystals grown using ILs
as additives provided X-ray diffraction resolution similar to or better
than that obtained without ILs. At the same time, ILs were used as
additives for the crystallization of the poorly diffracting monoclonal
antibody. The ILs, triisobutyl-(methyl)-phosphonium-p-toluene-
sulfonate and 1-butyl-3-methylimidazolium tetrafluoroborateraflu-
oroborate, improved the crystallization behavior and provided im-
proved diffraction, resulting in the determination of the structure, in
contrast to the use of additives from a commercially available addi-
tive screen.

Lange et al. [39] suggest that ILs can be excluded from the pro-
tein surface to stabilize proteins and promote salting out in work-
ing, while additives that preferentially bind favor protein denatur-
ation and solubility. The results of some researches also confirmed
that the same space group was found as compared with protein grown
in the solution without the IL and no IL ions in the crystal structure.
The possible effect of ILs on crystal morphology and crystal size
was likely due to subtle changes in solution conditions providing a
change in protein solubility or crystal nucleation and growth kinet-
ics, rather than as a result of protein binding. Therefore, how the
ILs affect the crystallization process does not indicate a single, clear
mechanism. However, it is noted that ILs have the potential to im-
prove macromolecules crystal by a screen of ILs and control of crys-
tallization conditions.

A TYPICAL CASE: ILS’ EFFECT ON LYSOZYME
CRYSTALLIZATION AND MORPHOLOGY

1. The Effect of ILs on the Interactions Between Protein Mol-
ecules

Imidazolium-based ILs have also been used to enhance protein
folding and suppress aggregation [39]. Given these applications with
biomaterials and their ability to participate in ionic, hydrophobic,
and hydrogen bond interactions, ILs are potential additives for use
in protein crystallization. Some probable mechanisms of the effect
of ILs on protein crystallization were proposed that ILs can influ-
ence the interactions between protein molecules, alter surface energy
of the crystal such that those formed are more defined and a more
ordered or higher dimensional solid state is attained [2,37]. Some
works [37,39] have already indicated that the effect of additives on
macromolecules solubility strongly correlates to the strength of mol-
ecule interactions. In our previous work [40], the ILs 1-butyl-3-meth-
ylimidazolium tetrafluoroborate ([C4mim]|BF,), 1-butyl-3-methylimi-
dazolium chloride (JC,mim]ClI), 1-butyl-3-methylimidazolium bro-

mide ([C;mim]Br), and 1,3-dimethylimidazolium iodine ([dmim]I)
were employed to investigate their effects on the solubility of lyso-
zyme in aqueous solutions at pH 4.5. The results show that lysozyme
solubility increases with the addition concentration of [C,mim]|BF, and
[C;mimCl] and is nearly invariable with the increase of [C,mim]Br
concentration and slowly decreases with the increase of [dmim]l
concentration. The increase of lysozyme solubility with [C,;mim]BF,
and [C,mim]Cl with concentration raising demonstrates that either
repulsive interactions are induced or attractive interactions are reduced
among lysozyme molecules. The solubility decrease of lysozyme
after adding [dmim]I shows that either attractive interactions are
enhanced or hydrophobic sites with a salt are promoted to form,
while with the presence of [C,mim|Br, the effect of [C;mim]Br on
lysozyme solubility is negligible, indicating the minimum effect on
molecules interactions is introduced.

2. The Effect of ILs on Nucleation

The first crystallographic bottleneck in structural determination
of protein is likely to the ability to nucleate and subsequently grow
a protein crystal suitable for X-ray diffraction. In our work [41],
the effect of two imidazolium-based ILs, [C;mim]Cl and [dmim]I,
on the nucleation kinetics of lysozyme was investigated by deter-
mining the nucleation induction time and evaluating nucleation par-
ameters. Compared with solutions without IL addition, the critical free
energy change, size, and molecular number of critical nuclei decreased
and the nucleation rate increased after the addition of [C,mim]CL
It is indicated that the addition of [C,mim]Cl reduces attractive inter-
actions among the lysozyme molecules. In contrast, the critical free
energy change, size, and molecular number of critical nuclei increased
and the nucleation rate decreased after the addition of [dmim]I. It
is supposed that the addition of [dmim]I enhances attractive inter-
actions among the lysozyme molecules and the promotion of the
formation of hydrophobic sites with salt.

3. The Effect of ILs on Crystal Growth Morphology

As crystallization additives, the selected ILs influence crystalli-
zation behavior of lysozyme by providing larger crystals or gener-
ating different crystal morphologies. As shown in Fig. 1, the polarizing
microscope was used to analyze crystal morphology in the pres-
ence of ILs. Compared with no ILs (Fig. 1(a)), the morphology and
size of lysozyme crystals were significantly improved. A plate-like
crystal morphology of lysozyme in the presence of [C,mim]BF,,
[C;mim]ClI and [C,mim]Br was observed, corresponding to Fig. 1(b),
1(c) and 1(d), respectively. The crystal morphology of lysozyme in
the presence of [C,mim]Cl was the prettiest. As for adding [dmim]L,
it is noted that the case is completely different from adding [C,mim]
BF,, [C;mim]Cl] and [C;mim]Br in crystal morphology as shown
Fig. 1(e). The needle-like lysozyme crystals in morphology are ob-
served. The difference in between cations [C,;mim] and [dmim] in
aqueous solution might be responsible for the shape transition of lyso-
zyme crystal from plate to needle.

There is the possibility that ILs concentration affects the strength
of specific intermolecular interactions among proteins or IL and
individual protein, and this influence will likely be variable with con-
centration change. Changes in crystal morphology and size for lyso-
zyme were shown in Figs. 2 and 3.

3-1. Crystals Formed from [C,;mim]CI

The influence of [C,mim]Cl addition concentration on crystal

morphology of lysozyme is shown in Fig. 2. Crystals present a prism

Korean J. Chem. Eng.(Vol. 31, No. 6)



922 Z. Wang et al.

Fig. 1. Polarizing micrographs of lysozyme crystals obtained with 1% addition concentration of ILs in buffer at pH 4.5: (a) no additive; (b)
[Csmim]BF,; (¢) [Cimim]Cl; (d) [C,mim]Br; (e) [dmim]IL.

(a) (b) (c)

Fig. 2. Micrographs of lysozyme crystals obtained with additive in 0.10 M NaAc/HAc buffer at pH 4.5: (a) 1% [C,mim]Cl; (b) 3% [C,mim]Cl;
(¢) 5% [C,mim]CL

Fig. 3. Micrographs of lysozyme crystals obtained with additive in 0.10 M NaAc/HAc buffer at pH 4.5: (a) 1% [dmim]]; (b) 3% [dmim]I;
(¢) 5% [dmim]I.
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in morphology and the crystals are clear and regular under 1% addi-
tion concentration and the crystal size becomes smaller with increas-
ing [C,mim]Cl addition concentration.
3-2. Crystals Formed from [dmim]I

As for adding [dmim]]l, it is noticeable that the crystal morphol-
ogy is completely different in this case as shown in Fig. 3. The lyso-
zyme crystal morphology changes from plate-like and needle-like
mixture to purely needle-like crystals, suggesting a phase transition
may occur. With regard to adding 1% [dmim]l, lysozyme crystals
appear needle-like and plate-like. However, when 3% [dmim]I was
added, crystal morphology became needle-like without plates, while
when 5% [dmim]I was added, the thinner needles were formed com-
pared with the case of adding 3%.

CONCLUSIONS

It is a fact that there is no a single universal method for the crys-
tallization of protein, so this focused finding maybe provides an
encouragement to search for new possibilities to achieve a proper
crystal quality, moving the reader from the classic methods to new
strategies.

Limited numbers of ILs have been chosen to investigate how
ILs affect lysozyme crystallization behavior in this paper. The ILs
produced changes in lysozyme crystal morphology, size and crys-
tallization behavior in some cases. Some probable mechanisms of
the effect of ILs on lysozyme crystallization are proposed that ILs
can influence the interactions between lysozyme molecules, change
solubility, shift thermodynamic equilibrium, alter surface energy of
the crystal, and thus affect nucleation in crystallization. Those find-
ings can contribute to a better understanding of the effect of ILs in-
volved in protein crystallization and provide an insight into macro-
molecular morphology control.

ACKNOWLEDGEMENTS

This work was funded by the National Natural Science Founda-
tion of China (No. 20806053), Doctoral Fund of Ministry of Educa-
tion of China (No. 200800561029) and China Postdoctoral Science
Foundation (No. 20080440677 and 200902274).

REFERENCES

1. D. Knezic, J. Zaccaro and A. S. Myerson, Cryst. Growth Des., 4,
199 (2004).

2.J.Lu, X.J. Wang and C. B. Ching, Cryst. Growth Des., 3, 83 (2003).

3. W. Ashwini and M. Cory, Cryst. Growth Des., 7,2219 (2007).

4. M. C.R. Heijna, W. J. P. Van Enckevort and E. Vlieg, Cryst. Growth
Des., 8,270 (2008).

5.R. Giege, FEBS J., 280, 6456 (2013).

6. N. R. Galloway, H. Toutkoushian, M. Nune, N. Bose and C. Momany,
Cryst. Growth Des., 13,2833 (2013).

7. A.M. Edwards, C. H. Arrowsmith, D. Christendat, A. Dharamsi,
J. D. Friesen, J. F. Greenblatt and M. Vedadi, Nat. Struct. Mol. Biol.,
7,970 (2000).

8. R. Hui and A. Edwards, J. Struct. Biol., 142, 154 (2003).

9. P. Franken, S. Arold, A. Padilla, M. Bodeus, F. Hoh, M. P. Strub,

M. Boyer, M. Jullien, R. Benarous and C. Dumas, Protein Sci., 6,
2681 (1997).

10. U. V. Shah, D. R. Williams and J. Y. Y. Heng, Cryst. Growth Des.,
12, 1362 (2012).

11. www.rcsb.org.

12. R. C. Stevens, Struct, 8, R177 (2000).

13. Z. S. Derewenda, Methods, 34, 354 (2004).

14. A. McPherson and R. Gieg, Cryst. Growth Des., 7,2126 (2007).

15. N. E. Chayen, Prog. Biophys. Mol. Biol., 88, 329 (2006).

16. C. N. Nanev, Cryst. Res. Technol., 42,4 (2007).

17.J. P. Astier and S. Veesler, Cryst Growth Des., 8, 4215 (2008).

18. S. D. Durbin and W. E. Carlson, J. Cryst. Growth, 122,71 (1992).

19. K. Gomery, E. C. Humphrey and R. Herring, Microsc. Microanal.,
19, 145 (2013).

20. A. E. S. Van Driessche, F. Otalora, G. Sazaki, M. Sleutel, K. Tsuka-
moto and J. A. Gavira, Crys. Growth Des., 8, 4316 (2008).

21. A. Bemardo, C. E. Calmanovici and E. A. Miranda, Cryst. Growth
Des., 4,799 (2004).

22.S.-X. Lin, A. McPherson and R. Giegé, Cryst. Growth Des., T,2124
(2007).

23. K. Waizumi and T. Eguchi, Chem. Lett., 34, 1654 (2005).

24. H. Koizumi, M. Tachibana and K. Kojima, Phys. Rev. E, 73,041910
(2006).

25. G Sazaki, K. Tsukamoto, S. Yai, M. Okada and K. Nakajima, Cryst.
Growth Des., 5, 1729 (2005).

26. P. Dold, K. Ono, G Tsukamoto and G Sazaki, J. Cryst. Growth, 293,
102 (2006).

27.R. Eliand L. S. Ivan, Adv. Colloid Interface Sci., 97, 123 (2006).

28. O. Markman, C. Roh, M. F. Roberts and M. M. Teeter, J. Cryst.
Growth, 160, 382 (1996).

29. S. Tanaka, M. Ataka, T. Kubota, T. Soga, K. Homma, W. C. Lee and
M. J. Tanokura, Cryst. Growth, 234, 247 (2002).

30. H. Hamana, H. Moriyama, T. Shinozawa and N. Tanaka, Acta Crys-
tallogr., 55, 345 (1999).

31.Y.D.Liu, G Z. Wuand M. Y. Qi, J. Cryst. Growth, 281, 616 (2005).

32. P.Nockemann, B. Thijs, K. V. Hecke, L. V. Meervelt and K. Binne-
mans, Cryst. Growth Des., 8, 1353 (2008).

33.Y.Zhao,Z. H. Chen, H. Y. Wang and J. J. Wang, Cryst. Growth Des.,
9, 4984 (2009).

34. J. Dupont, R. F. de Souza and P. A. Z. Suarez, Chem. Rev,, 102, 3667
(2002).

35. A.E. Visser, A. E. R. P. Swatloski, W. M. Reichert, W. M. R. May-
ton, S. Sheff, A. Wierzbicki, J. H. Davis and R. D. Rogers, Environ.
Sci. Technol., 36,2523 (2002).

36. M. L. Pusey, M. S. Paley, M. B. Turner and R. D. Rogers, Cryst.
Growth Des., 7,787 (2007).

37.R. A. Judge, S. Takahashi, K. L. Longenecker, E. H. Fry, C. Abad-
Zapatero and M. L. Chiu, Cryst. Growth Des., 9, 3463 (2009).

38. H. Dariusch, H. Dirk, J. Sebastian, S. Michael and W. B. Dirk, Bio-
technol. Lett., 29, 1703 (2007).

39. C. Lange, G Patil and R. Rudolph, Protein Sci., 14,2693 (2005).

40. Z.-Z. Wang, H. Xiao, Y. Han, P. Jiang and Z. Zhou, J. Chem. Eng.
Data, 56, 1700 (2011).

41. Z.-Z. Wang, Q. Wang and L. Dang, Biotechnol. Bioprocess. Eng.,
17,1025 (2012).

Korean J. Chem. Eng.(Vol. 31, No. 6)




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for journal articles and eBooks for online presentation. Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


