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1. Introduction

Acrylamide (AC, CH,=CH-CONH),, Chart 1), present in heated foodstuffs [Rice, 2005], has
been classified by the International Agency for Research on Cancer as “probably carcinogenic
to humans” (group 2A) (IARC, 1994). The Scientific Committee on Toxicity, Ecotoxicity and
the Environment (CSTEE) in the European Union (EU) demonstrated that AC exposure to
humans should be controlled as low as possible because of its inherently toxic properties
[Zhang et. al., 2009; Dearfield et. al., 1995]. AC is a low molecular-weight, odorless, and
colorless compound. It is readily soluble in water and can rapidly polymerize from a monomer
state to a polymer form [Klaunig, 2008]. AC is biotransformed in vivo to its epoxide
glycidamide (GDE) by cytochrome P450 2E1 (CYP2E1l) [Ghanayem et. al., 2005]. GDE has
genotoxic properties in both in vitro and in vivo test systems [Kurebayashi & Ohno, 2008].

In spite of the possible carcinogenic nature of AC, no consistent effect of AC exposure on
cancer incidence in humans could be identified [Rice, 2005]. This strikingly contrasts with AC
subministration in both mice and rats, which may cause tumors at multiple sites [Besaratinia &
Pteifer, 2005; 2007]. A plausible hypothesis is this might be caused, at least partially, by the fact
that AC interacts differently with the mouse and human proteins. AC may interact with
cysteine residues not engaged in S-S bridges. Indeed, the double bond of conjugated vinyl
compounds has strong affinity with SH groups [Friedman, 2003; Carere, 2006].
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Fig. 1. AC structure.
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There are six human proteins which are known to bind to AC. For all of them, structural
information is available. These are five enzymes [Howland et. al, 1980; Sakamoto &
Hashimoto, 1985] and the serum albumin protein [Ferguson et al., 2010] (Tab. 1). All of them
are dimers. Inspection of the X-ray structures of all of these targets shows Cys residues may
be present in the enzymatic active sites and/or solvent exposed (Tab. 1).

2. Objective

This work has two main goals. On one hand, using bioinformatics, molecular docking, and
molecular simulation procedures, we aim at predicting the structural determinants of AC in
complex with its cellular targets reported in Tab. 1. On the other hand, we aim at detecting
the difference (if any) of binding these molecules to the correspondent proteins in rodents.
These differences might contribute to the carcinogenic features of these molecules in rodents
as opposed to humans.

pDBIDar SN Cys ot engagedin
uman proteins disulfur bridges
(mouse)
Cys216, Cys104,
Topoisomerase Il 1ZXM 88% Cys392, Cys405,
Cys170, Cys300
Cys74, Cys283%,
Creatine Kinase (CK) 3B6R 96% Cys254, Cys141,
Cys146
Cys72, Cys239,
0 Cys289, Cys338,
Aldolase 1QO5 95% C§5201, C;ﬂ 2,
Cys177, Cys134
Serum albumin 1A06 72% Cys34
glyceraldehyde-3-phosphate 0 Cys152%, Cys156,
dehydrogenase (GAPDH) 1ZNQ 93% Cys247
Cys118, Cys356,
Enolase 2PSN 97 % Cys336, Cys338,
Cys398, Cys388

Table 1. Structural information of AC targets. For human proteins, for which the
experimental structures are available, the PDB codes are included. For mouse proteins, as
there is no structure available, the sequence identities with human proteins are reported.
The cysteines present in the active sites of the enzymes are shown with an asterisk while the
solvent-exposed ones are highlighted in bold.

3. Methodology

3.1. Molecular docking

Docking methods attempt to find the “best” matching between two molecules, typically a
receptor and a ligand [Halperin et. al., 2002]. Hence, they make the prediction of ligand
conformation and orientation within a targeted binding site [Kitchen et. al., 2004; Halperin
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et. al., 2002]. This prediction is carried out by performing a conformational space search
based on an ad hoc potential energy function. [Halperin et. al., 2002].

The accuracy of the method can be investigated by docking ligands into the protein from
which they were extracted (self-docking) and by docking them into its target protein in a
different conformation (usually taken from different protein/ligand complexes) (cross-
docking) [Kawatkar et. al., 2009; Sutherland et. al., 2007].

The increasing availability of protein three-dimensional structures combined with
continuing computational advances have made docking a very important tool for small-
molecule lead discovery [Campbell et. al., 2003].

Here we use the Genetic Optimisation for Ligand Docking (GOLD) program [Jones et. al.,
1995; 1997]. GOLD is an automated ligand docking program that uses a genetic algorithm to
explore the full range of ligand's conformational flexibility with partial flexibility of the
protein. It satisfies the fundamental requirement that the ligand must displace loosely
bound water on binding [Jones et. al., 1995; 1997].

GOLD uses a genetic algorithm (GA) to optimize a variety of structural parameters: (a)
dihedrals of ligand's rotatable bonds; (b) ligand's ring geometries; (c) dihedrals of protein
OH groups and NH3* groups; and (d) the position of the ligand in the binding site [Verdonk
et. at., 2003].

In GOLD, one minimizes a molecular mechanics-like function with four terms, the so called
GOLD Fitness (Eq. 1) [Jones et al., 1995; 1997]:

GOLD Fitness = Shb_ext + Svdw_ext + Shb_int + Svdw_int (1)

Shp_ext decreases with the number of protein-ligand hydrogen-bonds; Syiw ext decreases with
the van der Waals interactions; Sy,_i+ decreases with the intramolecular hydrogen bonds in
the ligand; Susw_int increases with the intramolecular strain in the ligand [Verdonk et. al.,
2003]. The scoring function is taken as the negative of the GOLD Fitness [Jones, 1995; 1997].
The larger the scoring function of a pose, the higher its rank.

We have performed GOLD-based docking for the human proteins in Tab. 1. These are:
human topoisomerase Ila [Sciandrello et al, 2010]; human-brain creatine kinase [Lii Z-R. et
al, 2009]; human aldolase [Dobryszycki et al.,, 1999a; 1999b]; human serum albumin
[Ferguson et al., 2010]; human glyceraldehyde-3-phosphate dehydrogenase [Sakamoto &
Hashimoto, 1985] and human enolase [Howland et. al., 1980]. Since alkylation by acrylamide
is limited to cysteine SH groups, the best cys residues putatively binding AC will be those
ones with the shortest distances between S atom and AC.

For rodents, there is no experimental structure available. Fortunately, the sequence identity
(SI) between the mouse proteins and the human enzymes is always greater than 88%, except
for serum albumin, for which SI=72% (Tab. 1 and Fig. S1, SI). The structure of the latter was
built by homology modeling using the server HHpred [Soding, 2005; Soding et. al., 2005;
Hildebrand et. al., 2009].

The active site was defined here as a sphere with radius of 10 A centered at the sulfur atoms
of the Cys residues of Tab. 1. The cavity detection algorithm, LIGSITE [Hendlich et. al.,
1997], was used to restrict the region of interest to concave, solvent-accessible surfaces. To be
sure that most of the high-affinity binding modes were explored, the genetic algorithm was
run 200 times for each complex examined.

The poses were ranked using the GOLD Fitness [Jones et al., 1995; 1997] as well as in terms
of the number of contacts between AC and the target cysteine residues.

www.intechopen.com



434 Computational Biology and Applied Bioinformatics

4. Results and discussion

Here we report the results for AC docking to all its known human targets [Friedman, 2003].
We also discuss the putative binding of AC to the correspondent mouse proteins, for which
binding has not been shown. We consider here Cys residues not involved in S-S bridges
(Target cysteines hereafter, see Tab. 1).

Table 2 shows the docking score values for the best AC poses in all targets, the values are in
Kcal/mol. It can be seen that the best score obtained was for creatine kinase, -46.2, this result
shows the great protein-ligand interaction provided by the docking calculations, this result
is in good agreement with experiments, which have shown that CK is alkylated by AC.

Protein Docking score
Topoisomerase Il -23.3
Creatine Kinase (CK) -46.2
Aldolase -21.3
Serum albumin -22.6
glyceraldehyde-3-phosphate 81

dehydrogenase (GAPDH)

Enolase -28.3

Table 2. Docking score values. The lower the score, the better the binding.

In the topoisomerase enzyme (Fig. 2), the cysteine(s) that react with AC were not identified
experimentally. The X-ray structure [Wei et. al., 2005] features six target cysteines in each
subunit, four of which are solvent-exposed (Tab. 1). Our docking procedure suggests that, in
the most likely pose, AC interacts with Cys 405 (Fig. 3). In all figures, distances are reported
in Angstroms.

Fig. 2. 3D structure of topoisomerase enzyme [Sciandrello et al, 2010]. The four exposed
cysteines (Cys104, Cys216, Cys392 and Cys405) are named and indicated in licorice
representation.

www.intechopen.com



Acrylamide Binding to Its Cellular Targets: Insights from Computational Studies 435

HO
H
T
HZC:ﬁ C—N H 8] NH,
. |
_________ ¢
2 e SH

o | ;4

NH, HN

HC OH

s

Met303

0

Fig. 3. AC interactions with Lys287, Met303 and Cys405 residues inside topoisomerase
enzyme.

The SI between human and mouse proteins is as high as 88% (Fig. S2, SI). In particular, all of
the residues surrounding the target cysteines are conserved. Inspection of the structure and
of the sequence alignment in Fig. S2 strongly suggests that the chemical environment of the
target cysteines in the mouse proteins is basically the same as in the human ones. The same
argument applies to all of the enzymes considered here. Hence, AC might bind to mouse
topoisomerase in a similar way as it does to the human protein.

The human enzyme creatine kinase (Fig. 4) has five target cysteines in each subunit (Tab. 1).
One of them (Cys283) is located in each of the active sites (Fig. 5) and it is known
experimentally to bind to AC [Matsuoka et. al., 1996, Meng et. al., 2001]. Consistently with
experiment, we find that in the best pose AC interacts with Cys283 (Fig. 5). AC is not found
to bind to any other target cysteine.

The SI between human and mouse proteins is considerably high (96%) and hence also in this
case AC might bind to the mouse creatine kinase in a similar fashion.

The human enzyme enolase (Fig. 6) has 6 target cysteines in each binding site. Our docking
procedure suggests that Cys 388 may bind to AC (Fig. 7). Because of the large SI between
human and mouse protein (97%), AC might bind to the correspondent Cys residue (Cys 388,
see Fig. S3, SI) also in the mouse protein.

The human enzyme glyceraldehyde-3-phosphate dehydrogenase (GAPDH) (Fig. 8) has
three target cysteines in each dimer. One of them is present in each active sites, Cys152 (Fig.
9). Experiments show that Cys152 in fact interacts with AC [Campian et. Al, 2002]. Our
docking is consistent with the experimental evidence (Fig. 9).

The protein human aldolase (Fig. 10) have eight and one target cysteine (Cys239, about 100
times more reactive than remaining exposed groups) in each subunit. Human serum
albumin (Fig. 11) has 35 cysteine residues with 17 disulphide bonds. Sulphydryl residue in
position 34 is left free to react with thiols of the environment [Candiano et al., 2009]. Our
docking procedure could identify binding poses for AC in neither proteins. This suggests
that conformational rearrangements, which are not taken into account in the docking
procedure, might allow AC to bind to one or more Cys residues. For mouse aldolase, the SI
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Fig. 4. 3D structure of creatine kinase enzyme [Lii Z-R. et al, 2009]. The Cys283, which is
located in the active side is named and indicated in licorice representation.

site.
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Fig. 5. AC interactions with Leu201, Thr59 and Cys283 residues inside creatine kinase active
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Fig. 6. 3D structure of enolase enzyme [Howland et. al., 1980]. The Cys388, which binds AC
is named and indicated in licorice representation.

Fig. 7. AC interactions with Val142, Lys421, Ser140 and Cys388 residues, inside enolase
enzyme.

www.intechopen.com

Lysd21

0
Cys388
OH s
‘\\ Serl4( g
\ E H
NHZ \\3.9 HO = Nz
\‘ T
Csz\ﬁ_C_N—H---""""O
2 OH
H 6
Hoo 18 .0
$ e l
N 18
HO |
NH i
Vall42 ]
0 HN

NH,

|



438

Computational Biology and Applied Bioinformatics

Fig. 8. 3D structure of GAPDH enzyme [Sakamoto & Hashimoto, 1985]. The Cys152, which
binds AC is named and indicated in licorice representation.
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Fig. 9. AC interactions with Gly212, Thr211, Ser151 and Cys152 residues inside GAPDH
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is as high as 95%. This suggests similar consideration for this species. Instead, for mouse
serum albumin, SI = 72% (see Fig. S1, SI). In the structure of the mouse serum albumin,
which was built by homology modeling, there are two target cysteines (at position 58 and
603). Therefore, we may expect rather different binding in the two species. Because of the
limitations of the docking procedure with homology models, we did not proceed to
investigate AC binding poses to this protein [Leach, 2001; McGovern & Shoichet, 2003].

Fig. 10. 3D structure of aldolase enzyme [Dobryszycki et al., 1999a; 1999b]. All the cysteine
residues are in licorice representation with indication of the most reactive one, Cys239.

Fig. 11. 3D structure of serum albumin [Ferguson et al., 2010]. The only cysteine free to react,
Cys34 is indicated in licorice representation.
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5. Conclusions

By means of molecular docking methodology, we have studied the interactions between AC
and its human targets. The investigation is complemented by a study of AC interactions
with the mouse protein, for which binding has not been reported so far. The calculations are
consistent with the available biochemical data and they provide novel information on
putative cysteines to which AC could be bound in both mouse and human protein. In the
case of one protein, serum albumin, binding is likely to occur at different locations in the
protein. Hence, this difference could contribute to the experimentally known differences in
toxic properties of AC in humans and mice.

6. Acknowledgment

One of the authors (Lima, EF) is recipient of a grant from the ‘Fondazione Ernesto Illy’,
Trieste-Italy.

7. References

Besaratinia, A., & Pfeifer, G. P. (2005). DNA adduction and mutagenic properties of
acrylamide. Mutatational Research, Vol. 580, pp. 31-40.

Besaratinia A., & Pfeifer G. P. (2007). A review of mechanisms of acrylamide carcinogenicity.
Carcinogenesis, Vol. 28, No. 3, pp. 519-528.

Campbell S. J., Gold N. D., Jackson R. M. & Westhead D. R. (2003). Ligand binding:
functional site location, similarity and docking, Current Opinion in Structural
Biology, Vol. 13, pp. 389-395.

Campian E. C, Cai J., & Benz F. W. (2002). Acrylonitrile irreversibly inactivates
glyceraldehyde-3-phosphate dehydrogenase by alkylating the catalytically active
cysteine 149. Chemico-Biological Interactions, Vol. 140, pp. 279-291.

Candiano G., Petretto A., Bruschi M., Santucci L., Dimuccio V., Prunotto M., Gusmano R.,
Urbani A., Ghiggeri G. M. (2009). (Review) The oxido-redox potential of albumin
Methodological approach and relevance to human diseases, journal of proteomics,
73, 188-195.

Carere A. (2006). Genotoxicity and carcinogenicity of acrylamide: a critical review, Annali
dell’Istituto Superiore di Sanita, Vol. 42, No. 2, pp. 144-155.

Dearfield K. L., Douglas G. R., Ehling U. H., Moore M. M., Sega G. A., & Brusick D. J. (1995).
Acrylamide: a review of its genotoxicity and an assessment of heritable genetic risk.
Mutation Research, Vol. 330, pp. 71-99.

Dobryszycki P., Rymarczuk M., Bulaj G., & Kochman M. (1999a). Effect of acrylamide on
aldolase structure.l. Induction of intermediate states. Biochimica et Biophysica Acta,
Vol. 1431, pp. 338-350.

Dobryszycki P., Rymarczuk M., Gapinski J., & Kochman M. (1999b). Effect of acrylamide on
aldolase structure. II. Characterization of aldolase unfolding intermediates.
Biochimica et Biophysica Acta, Vol. 1431, pp. 351-362.

Ferguson S. A., Garey J., Smith M. E., Twaddle N. C., Doerge D. R., & Paule M. G. (2010).
Preweaning behaviors, developmental landmarks, and acrylamide and
glycidamide levels after pre- and postnatal acrylamide treatment in rats.
Neurotoxicology and Teratology, Vol. 32, pp. 373-382.

www.intechopen.com



Acrylamide Binding to Its Cellular Targets: Insights from Computational Studies 441

Friedman M. (2003). Chemistry, Biochemistry, and Safety of Acrylamide. A Review. Journal
of Agricultural and Food Chemistry, Vol. 51, No. 16, pp. 4504-4526.

Ghanayem B. 1., McDaniel L. P., Churchwell M. I, Twaddle N. C,, Snyder R., Fennell T. R., &
Doerge D. R. (2005). Role of CYP2E1l in the Epoxidation of Acrylamide to
Glycidamide and Formation of DNA and Hemoglobin Adducts. Toxicological
Science, Vol. 88, No. 2, pp. 311-318.

Halperin I., Ma B., Wolfson H., & Nussinov R. (2002). Principles of Docking: An Overview
of Search Algorithms and a Guide to Scoring Functions. PROTEINS: Structure,
Function, and Genetics, Vol. 47, pp. 409-443.

Hendlich M., Rippmann F., & Barnickel G. (1997). LIGSITE: Automatic and efficient
detection of potential small molecule binding sites in proteins. Journal of Molecular
Graphics and Modelling, Vol. 15, No. 6, pp. 359-363.

Hildebrand A., Remmert M., Biegert A., & Soding J. (2009). Fast and accurate automatic
structure prediction with HHpred. Proteins, Vol. 77, pp. 128-132.

Howland R. D., Vyas I. L., Lowndes H. E., & Argentieri T. M. (1980). The etiology of toxic
peripheral neuropathies: in vitro effects of acrylamide and 2,5-hexanedione on
brain enolase and other glycolytic enzymes. Brain Research, Vol. 202, pp. 131-142.

Jones G., Willett P., & Glen R. C. (1995). Molecular recognition of receptor sites using a
genetic algorithm with a description of desolvation. Journal of Molecular Biology,
Vol. 245, pp. 43-53.

Jones G., Willett P., Glen R. C., Leach A. R., & Taylor R. (1997). Development and Validation
of a Genetic Algorithm for Flexible Docking. Journal of Molecular Biology, Vol. 267,
pp. 727-748.

Kawatkar S, Wang H., Czerminski R., & McCarthy D. J. (2009). Virtual fragment
screening: an exploration of various docking and scoring protocols for fragments
using Glide, Journal of Computer-Aided Molecular Design, Vol. 23, pp. 527-539.

Kitchen D. B., Decornez H., Furr J. R, & Bajorath J. (2004). Docking and scoring in
virtual screening for drug discovery: methods and applications, Nature
Reviews — Drug Discovery, Vol. 3, pp. 935.

Klaunig J. E. (2008). Acrylamide Carcinogenicity. Journal of Agricultural and Food Chemistry,
Vol. 56, pp. 5984-5988.

Kurebayashi H., & Ohno Y. (2006). Metabolism of acrylamide to glycidamide and their
cytotoxicity in isolated rat hepatocytes: protective effects of GSH precursors.
Archives of Toxicology, Vol. 80, pp. 820-828.

Leach, A. R. (2nd Edition). (2001). Molecular modelling, principles and applications, Harlow,
Essex Pearson Education Limited, ISBN 0-582-38210-6, Harlow, England.

Lu Z-R., Zou H-C,, Jin P. S., Park D., Shi L., Ho O-S., Park Y-D., Bhak J., & Zou F. (2009). The
effects of acrylamide on brain creatine kinase: Inhibition kinetics and
computational docking simulation. International Journal of Biological Macromolecules,
Vol. 44, pp. 128-132.

Matsuoka M., Matsumura H., & Igisu H. (1996). Creatine kinase activities in brain and
blood: possible neurotoxic indicator of acrylamide intoxication. Occupational and
Environmental Medicine, Vol. 53, pp.468-471.

McGovern S. L. & Shoichet Brian K. (2003). Information decay in molecular docking screens
against Holo, Apo, and modeled conformations of enzymes. Journal of Medicinal
Chemistry, Vol. 46, pp. 2895-2907.

www.intechopen.com



442 Computational Biology and Applied Bioinformatics

Meng F-G., Zhou H-W., & Zhou H-M. (2001). Effects of acrylamide on creatine kinase from
rabbit muscle. The International Journal of Biochemistry & Cell Biology, Vol. 33, pp.
1064-1070.

Rice, J. (2005). The carcinogenicity of acrylamide. Mutatational Research, Vol. 580, pp. 3-20.

Sakamoto J., & Hashimoto K. (1985). Effect of acrylamide and related compounds on
glycolytic enzymes in rat sciatic nerve in vivo. Archives of Toxicology, Vol. 57, pp.
282-284.

Sciandrello G., Mauro M., Caradonna F., Catanzaro 1., Saverini M., & Barbata G. (2010).
Acrylamide catalytically inhibits topoisomerase II in V79 cells. Toxicology in Vitro,
Vol. 24, pp. 830-834.

Soding J. (2005). Protein homology detection by HMM-HMM comparison. Bioinformatics,
Vol. 21, No. 7, pp. 951-960.

Soding J., Biegert A., & Lupas A. N. (2005). The HHpred interactive server for protein
homology detection and structure prediction. Nucleic Acids Research, Vol. 33, pp.
W244-W248.

Sutherland J. J., Nandigam R. K., Erickson J. A., & Vieth M. (2007). Lessons in Molecular
Recognition. 2. Assessing and Improving Cross-Docking Accuracy, Journal of
Chemical Information and Modeling, Vol. 47, pp. 2293-2302.

Verdonk M. L., Cole J. C.,, Hartshorn M. J., Murray C. W., & Taylor R. D. (2003).

Improved Protein-Ligand Docking Using GOLD, Proteins: Structure, Function, and
Genetics, Vol. 52, pp. 609-623.

Wei H., Ruthenburg A. J., Bechis S. K., & Verdine G. L. (2005). Nucleotide-dependent
Domain Movement in the ATPase Domain of a Human Type IIA DNA
Topoisomerase. Journal of Biological Chemistry, Vol. 280, pp. 37041-37047.

Zhang Y., Ren Y. & Zhang Y. (2009). New Research Developments on Acrylamide:
Analytical Chemistry, Formation Mechanism, and Mitigation Recipes. Chemical
Reviews, Vol. 109, pp. 4375-4397.

www.intechopen.com



Computational Biology and Applied Bioinformatics

COMPUTATIONAL - ,
IO AND ARRIED Edited by Prof. Heitor Lopes

BIOINFORMATICS

Edned by Heftor 5. Lopes and teonaedo M. Crun

ISBN 978-953-307-629-4

Hard cover, 442 pages

Publisher InTech

Published online 02, September, 2011
Published in print edition September, 2011

Nowadays it is difficult to imagine an area of knowledge that can continue developing without the use of
computers and informatics. It is not different with biology, that has seen an unpredictable growth in recent
decades, with the rise of a new discipline, bioinformatics, bringing together molecular biology, biotechnology
and information technology. More recently, the development of high throughput techniques, such as
microarray, mass spectrometry and DNA sequencing, has increased the need of computational support to
collect, store, retrieve, analyze, and correlate huge data sets of complex information. On the other hand, the
growth of the computational power for processing and storage has also increased the necessity for deeper
knowledge in the field. The development of bioinformatics has allowed now the emergence of systems biology,
the study of the interactions between the components of a biological system, and how these interactions give
rise to the function and behavior of a living being. This book presents some theoretical issues, reviews, and a
variety of bioinformatics applications. For better understanding, the chapters were grouped in two parts. In
Part |, the chapters are more oriented towards literature review and theoretical issues. Part Il consists of
application-oriented chapters that report case studies in which a specific biological problem is treated with
bioinformatics tools.

How to reference
In order to correctly reference this scholarly work, feel free to copy and paste the following:

Emmanuela Ferreira de Lima and Paolo Carloni (2011). Acrylamide Binding to lts Cellular Targets: Insights
from Computational Studies, Computational Biology and Applied Bioinformatics, Prof. Heitor Lopes (Ed.), ISBN:
978-953-307-629-4, InTech, Available from: http://www.intechopen.com/books/computational-biology-and-
applied-bioinformatics/acrylamide-binding-to-its-cellular-targets-insights-from-computational-studies

INTECH

open science | open minds

InTech Europe InTech China

University Campus STeP Ri Unit 405, Office Block, Hotel Equatorial Shanghai

Slavka Krautzeka 83/A No.65, Yan An Road (West), Shanghai, 200040, China

51000 Rijeka, Croatia FE EBHIERFEK6SS EEPrRE ARG DA 4058 7T
Phone: +385 (51) 770 447 Phone: +86-21-62489820

Fax: +385 (51) 686 166 Fax: +86-21-62489821

www.intechopen.com



© 2011 The Author(s). Licensee IntechOpen. This chapter is distributed
under the terms of the Creative Commons Attribution-NonCommercial-
ShareAlike-3.0 License, which permits use, distribution and reproduction for
non-commercial purposes, provided the original is properly cited and

derivative works building on this content are distributed under the same
license.




