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ABSTRACT

There is growing interest in proteins that lack a stable and well-defined three-dimensional structure, often referred to as intrinsically disordered proteins, but have functionally important properties that depend on the lack of structure.  It has been shown that these proteins possess a range of important properties and functions that derive from being disordered.  In this dissertation I explore the properties of intrinsically disordered proteins with both computational and experimental methods.  

First, I present a support vector machine (SVM) trained on naturally occurring disordered and ordered proteins, which is used to examine the contribution of various parameters to recognizing proteins that contain disordered regions.  I show that a SVM that incorporates only amino acid composition has a recognition accuracy of 87+/-2%.  This result suggests that composition alone is sufficient to accurately recognize disorder.  Interestingly, SVMs using reduced sets of amino acids based on chemical similarity preserve high recognition accuracy.  A set as small as four retains an accuracy of 84+/-2%; this result suggests that general physicochemical properties rather than specific amino acids are important factors contributing to protein disorder.

Second, I build on the SVM analysis by examining the relationship of disorder propensity to sequence complexity.  I graph the distributions of 40 amino acid peptides from both ordered and disordered proteins in disorder-complexity space.  An analysis of the Swiss-Prot database shows that most peptides are of high complexity and relatively low disorder.  However, there are also an appreciable number of low complexity-high disorder peptides in the database.  In contrast, there are no low complexity-low disorder peptides.  A similar analysis for peptides in the Protein Data Bank (PDB) reveals a much narrower distribution, with few peptides of low complexity and high disorder.  I also examine disorder-complexity distributions of individual proteins and sets of proteins grouped by function.  Among individual proteins, there are an enormous variety of distributions that in some cases can be rationalized with regard to function.  Groups of functionally related proteins are found to have distributions that are similar within each group, but show notable differences between groups.  In addition, I use a pattern-matching algorithm to search for proteins with particular disorder-complexity distributions.  The results suggest that this approach might be used to identify relationships between otherwise dissimilar proteins.

Finally, I present experimental results from the cloning, expression, and characterization of the disordered projection domain of microtubule-associated protein 2.  Using analytical ultracentrifugation, I show that the hydrodynamic properties of the protein are responsive to changes in ionic strength, pH, and protein phosphorylation in a manner expected for a flexible, charged polymer.  This result suggests that disordered proteins can be represented by theoretical models for polyelectrolytes.  The computational and experimental methods described here contribute to a better understanding of the properties of intrinsically disordered proteins and lay the foundation for possible applications in biomedicine.
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CHAPTER 1

INTRINSICALLY DISORDERED PROTEINS

The traditional view in protein science for many years has been that a protein’s function depends on and derives from the shape and stability of its three-dimensional structure.  This view was first suggested over a century ago by Fischer, who posited a “lock-and-key” model to explain the specificity of enzymes for certain substrates (Fischer, 1894).  In the model, substrates fit into a precisely defined and complementary binding site on the enzyme.  Thus, the recognition of a binding partner required for functionality would depend on a stable structure in the binding site and, by extension, in the protein.  This structure-function relationship was further supported by denaturation studies showing a correlation between loss of structure and loss of function (Wu, 1931; Dunker, 2001).  

However, alternative explanations of protein function have emerged in which proteins undergo some form of conformational rearrangement.  The “lock-and-key” model was first challenged by studies indicating that the binding sites of certain enzymes change shape upon association with a substrate molecule.  In the theory developed to explain this behavior, known as the “induced fit” model, it was proposed that proteins undergo conformational changes upon binding as a central step in the functional process (Koshland, 1958).  Other studies have proposed more dramatic conformational changes.  For proteins that bind to a heterogeneous assortment of substrates, such as serum albumins and antibodies, it was suggested that these proteins do not maintain a single structure, but instead cycle through an ensemble of configurations (Landsteiner, 1936; Pauling, 1940; Karush, 1950).  This ensemble of protein isomers was thought to increase the number of binding partners by allowing the protein to present a variety of potential binding surfaces.   

In spite of these developments, the Fischer model continued to be held as the established explanation of protein function, in part due to the advent of protein crystallography.  Since the first protein structure was solved by X-ray crystallography in 1958, over 28,000 three-dimensional structures have been published (Kendrew, 1958; Berman, 2000).  The study of these structural models often provided insight into the function of a protein, further cementing the traditional view that proteins exist in an ordered, native state to provide a given function.  

Interestingly, for many proteins, X-ray crystallography experiments were not able to show the clear presence of a protein, or regions of the protein would be missing electron density in the model.  While missing density can in some cases be attributed to methodological issues, it became increasingly clear that many of these missing regions are disordered in the crystalline state (Huber, 1979).  The possibility that some proteins may contain regions lacking an ordered, 3-D structure was strengthened by NMR studies, which revealed that proteins adopt a range of conformations in solution (James, 2003).  NMR-derived structures provided direct evidence that many proteins contain regions lacking ordered structure in their native state.  These proteins have been designated as intrinsically unstructured, intrinsically disordered or natively unfolded proteins (Vucetic, 2003).  Here I review the evidence for this recently identified class of proteins.  I begin by discussing experimental and computational methods by which intrinsically disordered proteins can be identified.  I then examine the prevalence of intrinsically disordered proteins and implications for the protein structure-function paradigm.  Finally, I discuss various functional roles in which disorder may be involved.  

Experimental determination of disordered proteins



Intrinsically disordered proteins as a group possess physical properties distinct from those of well-folded proteins.  These differences have been characterized by a variety of experimental techniques.  X-ray crystallography can be used to indirectly identify regions of proteins that may be disordered.  Regions of missing electron density in the determined structure may represent parts of the protein that vary in position over time and, therefore, do not coherently scatter X-rays (Dunker, 2001).  However, the absence of a portion of the protein chain may be due to technical difficulties or crystal defects and thus may not definitively show that a region is disordered; this uncertainty is more substantial for proteins that are completely disordered and, therefore, will be entirely missing in electron density maps (Tompa, 2002).  Further, crystal structures may not be an accurate depiction of a protein’s native state due to the solvent conditions or the presence or absence of binding partners (Dyson, 2002).  In addition to these technical drawbacks, crystallographic determinations are also limited in that they only allow for a binary (i.e., present or absent) classification scheme.  Missing electron densities can represent disordered regions with vastly different conformational ensembles; information on this diversity is lost when these regions are grouped into the same category based only on their absence in the crystal structure.  While information on the relative flexibility of ordered residues is reflected in the temperature factors, this data cannot be obtained for missing residues (Yuan, 2003).  Thus, using crystallography to identify a disordered region will not yield information on the flexibility or number of conformational states for that region.  


A variety of spectroscopic techniques have also been used to identify intrinsically disordered proteins (Dunker, 2001).  Nuclear magnetic resonance (NMR) spectroscopy provides an advantage over crystallography of being able to characterize disordered protein without the conditions required for crystallization.  Spin relaxation analysis has proven particularly informative, as nuclear relaxation rates are related to molecular motion; thus, more mobile regions of the protein can be identified by differences in relaxation rate (Bracken, 2001).  Circular dichroism (CD) spectroscopy has also been used to identify disordered proteins (Dunker 2001).  Far-UV CD spectra can identify the presence of secondary structure, which is expected to be absent in disordered proteins.  Near-UV spectra can be used to characterize the behavior of aromatic residues in a protein chain; aromatic groups in stable folds show distinct peaks while groups in disordered regions are not expected to show similar peaks due to motional averaging.  In contrast to crystallography and NMR, this technique provides less residue-specific detail and cannot be used to identify which specific regions of proteins are ordered or disordered.  Raman optical activity (ROA) spectra have been used to characterize disordered proteins (Tompa, 2002).  ROA measures differences in the intensity of Raman scattering from chiral molecules.  This method is useful for elucidating the backbone conformations of proteins.  Results from ROA studies indicate the presence of two optically distinguishable types of disorder, static and dynamic (Smyth, 2001).  Static disorder refers to regions with Ramachandran angles clustered around a single conformation, while dynamic disorder represents proteins with a distribution of (,( angles along the backbone resulting in an ensemble of conformations.

Unstructured regions of proteins can also be recognized by increased susceptibility to protease digestion (Uversky, 2002).  An assessment of protein conformational parameters for correlations with the rate and extent of protease digestion indicates that surface exposure, chain flexibility, and the absence of local interactions are the chief determinants of proteolytic susceptibility (Hubbard, 1998).  Thus, unstructured proteins would be expected to be highly sensitive to protease digestion relative to ordered proteins.

Thermodynamic methods for examining protein stability can distinguish disordered from ordered proteins.  Differential scanning calorimetry has been used to identify structural changes resulting from temperature increases.  A cooperative folding transition on the calorimetric melting curve indicates the presence of rigid tertiary structure; conversely, the absence of such a transition suggests that the protein of interest lacks stable, well-defined folds (Tompa, 2002).  Denaturant studies can also indicate the presence or absence of a cooperative folded-unfolded transition (Uversky, 1999).

Hydrodynamic techniques provide a means to assess the extent of unfoldedness in a protein (Uversky, 2002).  Unstructured proteins have been shown to possess increased hydrodynamic dimensions relative to globular proteins of similar molecular mass, as measured by chromatography, scattering, or analytical ultracentrifugation.  Hydrodynamic parameters of intrinsically unstructured proteins, such as the Stokes radius, are similar to those of denatured, globular proteins and correspond to the behavior expected for random coils (Uversky, 1999; Tompa, 2002).  It should be noted that this random coil behavior is not sufficient to demonstrate the presence of a random coil; simulations of “largely native” proteins generate ensembles with random coil statistics (Fitzkee, 2005).

The characteristics of unstructured proteins have enabled the development of experimental methods to identify or enrich protein fractions for disorder.  A two-dimensional electrophoresis technique can be used to separate unstructured proteins (Csizmok, 2005). This method is based on the resistance of intrinsically unstructured proteins to heat and denaturant; globular proteins, in contrast, are expected to precipitate upon heating and unfold upon denaturation producing visible changes in the gel.  Acid treatment has also been used to isolate unstructured proteins form protein fractions (Cortese, 2005).  While low pH tends to destabilize globular proteins, leading to precipitation, unstructured proteins remain soluble.  One drawback to these techniques is the all-or-nothing nature of the separation; proteins containing both ordered and disordered regions tend to precipitate along with fully globular proteins.
While a number of experimental techniques have been used for the determination of disordered proteins, each method is subject to limitations. Further, there is no universally accepted method for identification of disorder, and disordered regions indicated by one method may be contradicted by results from another technique.

Computational methods for identifying disordered proteins

Limitations in experimental methods, along with the recent increases in genome data, have motivated the development of computational methods to recognize intrinsically unstructured proteins from primary sequence (Dyson, 2005).  The efficacy of these methods is due, in large part, to the distinct sequence characteristics of disordered proteins.  While there is no universally agreed upon definition of disorder, most of these proteins exhibit a significant sequence bias towards charged and polar amino acids and against hydrophobic amino acids (Dunker, 2001).  The amino acid composition for a set of disordered proteins identified by experimental techniques had depletions in W, C, F, I, Y, V, L and N, enrichments in K, E, P, S, Q, R, and A, and insignificant differences in H, M, T, G, and D, relative to ordered proteins (Dunker, 2002).  Additionally, disordered protein sequence is typically low in complexity (Wootton, 1993; Romero, 2001).  Studies have suggested that a lower bound for complexity exists, below which sequences do not encode for proteins with stable folds (Romero, 1999).  Low complexity is thus a possible indicator of disorder; however, complexity is not a necessary condition, as some disordered proteins are high in complexity.

These distinct sequence characteristics have led to a variety of methods for disorder prediction.   One method used to separate sequences for globular proteins from those for intrinsically unstructured proteins plots each sequence according to its net charge and mean hydrophobicity (Uversky, 2000). Disordered proteins fall into a unique low hydrophobicity, highly charged region; sequences from proteins of unknown structure can thus be categorized in this hydrophobicity-charge phase space.

Other methods utilize statistical methods to recognize disordered regions of proteins.  One such algorithm is GlobPlot, which identifies disorder using a propensity scale to quantify non-globularity of a protein sequence (Linding, 2003).  This propensity scale is designed to reflect the relative occurrence of each amino acid in either secondary structural elements (helix or strand) or in random coil elements (loops or turns).  The occurrences are determined from the Dictionary of Protein Secondary Structure (DSSP) structural database (Kabsch, 1983).    

More sophisticated methods use machine learning algorithms to aid in disorder recognition.  The first of these approaches was the Predictor of Natural Disordered Regions (PONDR), a neural net-based predictor developed by Dunker and co-workers (Romero, 1997; Romero, 2001).  Neural nets must first be trained in order to yield accurate prediction; PONDR was initially trained on a set of proteins classified as disordered.  This classification group contained proteins suggested by experimental results to be disordered, as well as proteins with significant sequence homology to these proteins.  Results from PONDR indicate that it is possible to use machine-learning approaches to identify disordered proteins from sequence.  Later applications of PONDR identify sub-classes of disorder with different sequence characteristics, such as the calcineurin family (Romero, 1997).  Several implementations of PONDR have been developed for specific families of disorder, as well as for general classes or “flavors” (Vucetic, 2003).

Another neural net predictor for disorder, DisEMBL, was trained using three data sets based on different definitions of disorder (Linding, 2003).  One data set was the collection of DSSP-derived loops and coils used in GlobPlot; other data sets were comprised of “hot loops”, a subset of the DSSP set distinguished by high temperature factors, and missing regions, portions of a protein sequence for which electron densities could not be assigned.  All three data sets showed a general bias against hydrophobic amino acids, with minor compositional differences across the three groups.   

Support vector machines (SVM), a machine-learning algorithm similar to neural nets, have also been applied to disorder recognition (Weathers, 2004; Ward, 2004).  Unlike neural nets, SVMs allow the user to interrogate the results for the relative importance of different input properties in disorder recognition.  More recent approaches attempt to incorporate higher-order parameters by estimating the pair-wise interaction energies or contact numbers for each residue in a protein; these methods are similar in nature to the previously described propensity-based predictors (Garbuzynskiy, 2004; Dosztanyi, 2005).  The relative accuracies of these and other disorder predictors have been assessed in the last two CASP experiments (Melamud, 2003; Jin, 2005).  The best prediction groups identified approximately 50% of the disordered residues with a false positive rate of about 20%.  It should be noted that this result reflects the accuracy of predicting residues in both short and long (> 40 aa) disordered regions; the computational methods discussed above are typically used to recognize long disordered regions, most with accuracies in the 85-90% range.
Most computational methods utilize either predetermined propensity sets or artificial intelligence (i.e, neural nets) algorithms to recognize disordered proteins.  A drawback to these methods is that they rely on a pre-existing set of disordered proteins for propensity calculation or neural net training.  Further, while these methods may allow for accurate prediction, they yield little new information; propensity-based methods pre-select characteristics of disordered proteins, while neural net-based methods are difficult to interrogate for properties relevant to prediction.

Implications of intrinsically disordered proteins


The development of experimental and computational methods to identify disordered proteins has led to an increased understanding of the role these proteins play in biological systems.  Long disordered regions (> 40 aa) appear to be frequent in protein databases (Dunker, 2001).  Application of the PONDR predictor to the Swiss-Prot and PDB databases indicated that 29% of Swiss-Prot and 11% of PDB proteins contain at least one long disordered region.  Other studies have estimated that between 10-20% of naturally occurring proteins are fully disordered, with 25-40% of all residues falling in disordered regions (Tompa, 2003).  The prevalence of disordered protein varies among organisms.  Genome-wide disorder predictions have shown that 25-33% of eukarya proteins have long disordered regions, compared to 2-11% for archea and 1-8% for eubacteria (Dunker, 2000; Ward, 2004).  


The ubiquitous nature of disordered protein has led to a reassessment of the structure-function paradigm.  Many of the disordered regions that have been identified occur in parts of the protein that have important functional roles; therefore, a well-folded, ordered structure is not a requisite for function.  New theoretical models have emerged to better reflect the expanding relationship between structure and function.  The Protein Trinity model has been proposed to account for the presence of functional disordered proteins (Ptitsyn, 1994).  In this model, native proteins can exist in the ordered conformation or in one of two disordered forms; the molten globule, a liquid-like state in which the protein retains secondary structure and is slightly less compact than the ordered state, and the random coil, a state in which the protein is fully disordered.  This model was later expanded to include the pre-molten globule, an intermediate state between random coil and molten globule (Uversky, 2002).  The pre-molten globule retains ~50% of the secondary structure relative to ordered and molten globule states, and is more compact than a random coil.  An important feature of this Protein Quartet model is that for each class there are examples of proteins whose function depends on the properties of that class or on a transition between classes (Dunker, 2001).  


The discovery of different structural forms of disorder raises the question of what constitutes a disordered protein.   The distinction between order and disorder has become increasingly blurred, due in part to recent work on the chemically or thermally unfolded state.  The traditional view of the unfolded state is that proteins in this state are conformationally unbiased and lack persistent structure (Brant, 1965).  However, several studies have indicated that significant polyproline II helical structure is present in the unfolded state (Shi, 2002; Creamer, 2002).  This conformation is thought to be preferred in the unfolded state because of improved solvent interactions and increased chain entropy (Fitzkee, 2005; Fleming, 2005).  Computational studies have also suggested that steric restrictions and hydrogen bond satisfaction demands significantly reduce the accessible conformational space of an unfolded protein  (Fitzkee, 2005).  Further, proteins thought to be completely unstructured under denaturing conditions have been shown to retain significant native-like structure (Shortle, 2001), similar to the molten globule state of the Protein Trinity model.  These results indicate that the distinction between the ordered and disordered state is subtler than initially believed, and that a clearer delineation of what constitutes a disordered protein is needed.  
Biological functions of intrinsically disordered proteins


The prevalence of disordered proteins in various proteomes provides strong support that these proteins play an important role in biological function.  Disorder has been proposed to be involved in a wide variety of functions.  The majority of these functions can be grouped into two general classes:  functions involving molecular recognition and functions that are primarily structural in nature (Tompa, 2005).  

Molecular recognition with intrinsically disordered proteins


Disordered proteins involved in molecular recognition processes often undergo a transition from the unfolded to the folded state upon association with their biological targets (Dyson, 2002).  This coupling of folding and binding results in a less favorable free energy of interaction, due to the added entropic cost of reducing the number of conformations available for the backbone and side chains of the disordered protein (Rosenfeld, 1995).  The free energy cost may be mitigated in some interactions by the presence of transient structures or bias in the structural ensemble for disordered proteins (Bracken, 1998).  However, other studies suggest this effect is minimal; mutations disrupting or stabilizing transient structures in the disordered protein p27Kip1 had little effect on the thermodynamic stability (Verkhivker, 2003; Bienkiewicz, 2001).     

While coupling folding and binding may adversely affect the thermodynamics, it also yields several advantages that offset the reduced free energy of interaction.  One major advantage of disorder in molecular recognition is an increase in the kinetics of the interaction.  The unfolded state can sample a larger volume for its binding partner, due to its increased molecular radius.  Binding partners entering this volume are weakly attracted to the disordered protein (Shoemaker, 2000).  In a process described as the “fly-casting mechanism”, weak binding is followed by folding of the disordered protein concomitant with the capture of the binding partner and formation of the bound complex.  Thus, disorder serves to increase the capture radius of a protein, increasing the likelihood of encountering a target for binding.  The increased kinetics of encounter is thought to be particularly important in processes, such as gene regulation, in which the concentration of binding partners is low.  This postulated link to gene regulation may also explain the prevalence of disordered proteins in eukaryotes, which generally have more complex transcriptional regulating mechanisms than prokaryotes (Ward, 2004; Dyson, 2002).


The disordered state may also be an important element for proteins with multiple binding partners.  These “multitasking” or “moonlighting” proteins can form specific interactions with distinct partners (Tompa, 2005).  The presence of a disordered state in moonlighting proteins would allow that protein to adopt different configurations; thus, the same region of the protein could form highly specific interaction surfaces with several targets (Kriwacki, 1996).  The entropic cost of coupling folding to binding may also serve a useful role for moonlighting proteins.  In order to be multifunctional, a protein must have specific interactions with multiple partners, but these interactions must be of low enough affinity to allow reversibility of interactions.  The unfavorable thermodynamic contribution of the folding transition can contribute to reversibility by reducing the strength of interaction.  Thus, disordered proteins can have both high specificity and low affinity for their binding partners, whereas, for globular proteins, high specificity tends to correlate with high affinity (Tompa, 2002).  Disordered proteins, therefore, may be ideally suited for processes, such as cell-signaling and regulation, where multi-functionality is an advantage (Iakoucheva, 2002).  

The involvement of disorder in proteins with a moonlighting function has several implications.  Analysis of protein interaction networks indicate that these networks are scale-free; while many proteins have only a few interactions, the network contains a number of hub proteins with significantly higher interactions (Dunker, 2005).  Because these hub proteins must be able to interact with multiple partners, it has been suggested that disordered regions may be present in these proteins.  Multifunctional disordered proteins have also been implicated in the complexity of organisms.  While the complexity of organisms appears to be uncorrelated with gene number, the percentage of genes encoding for disorder does appear to rise with increasing complexity (Petrov, 2001; Ward, 2004).  Thus, it has been suggested that complexity may be attributed in part to the ability of individual proteins to perform multiple functions (Tompa, 2005).  Disorder may allow for the development of complex and diverse interactions without the requirement for additional genes; while the amount of sequence space sampled by organisms is extremely small, disordered proteins can help overcome this restriction by allowing for functional diversity (James, 2003).  

The role of disordered proteins in molecular recognition also extends to the formation of macromolecular assemblies.  The presence of disordered proteins in assemblies has been shown for complexes such as ribosomes, viral coats, and flagella (Namba, 2001; Raibaud, 2002).  On one level, disorder may be necessary to overcome steric restrictions arising during assembly (Dunker, 2001).  Another putative role of disordered regions in the components of self-assembled structures is to regulate the environment in which assembly occurs.  The folding of disordered regions can serve as a signal for initiation or continuation of self-assembly.  For example, the formation of the tobacco mosaic viral coat only occurs in the presence of RNA; the RNA helix causes the disordered regions in the coat protein to fold, initiating the assembly process (Namba, 1986).  Thus, self-assembly can be regulated by the folding transition of intrinsically disordered proteins.

Another advantage of disordered proteins is their increased susceptibility to proteases.  Proteolysis may require that the digested protein first be unfolded; the ubiquitinylation step in this pathway has been shown to result in the substrate protein being unfolded upon association with ubiquitin (Wenzel, 1993).  Intrinsically disordered proteins may therefore be more naturally susceptible to protease.  The disordered protein tau, for example, has been shown to be degradable by proteasomes without the need for ubiquitin association (David, 2002; Fink, 2005).  This limited lifetime of disordered proteins in the cell relative to well-folded proteins may provide an additional mechanism to control biological processes.  Time-dependent processes such as signaling and cell cycle regulation may operate by utilizing proteins with finite lifetimes (Dyson, 2005).  In addition to a natural propensity for degradation, increased turnover of disordered protein may also be regulated by the presence of PEST motifs, a proteolysis-promoting region enriched with proline, glutamine, serine and threonine (Wright, 1999).  This motif is prevalent in many disordered regions and may provide an additional level of control; binding of the disordered region containing the PEST motif may prevent recognition of the motif by the degradation machinery (Huber, 2001).  Thus, hiding the degradation motif from the proteasome will select for those proteins involved in complexes while eliminating unbound proteins.

Control of disordered proteins involved in binding can also be achieved by posttranslational modifications.  Many modification sites have been shown to be located in disordered regions; for example, the region of histones containing acetylation and methylation sites has been shown to lack a defined structure (Iakoucheva, 2002; Hansen, 2005).   Phosphorylation sites are another prevalent type of modification sites situated in disordered regions.  The strong association of phosphorylation sites with disorder has led to the development of a recognition algorithm, DISPHOS, that incorporates the amount of predicted disorder in a region to identify the presence of phosphorylation sites (Iakoucheva, 2004).  One explanation for the localization of modification sites in disordered regions is that these regions are inherently more accessible and thus more amenable to binding by enzymes.  Phosphorylation could then be regulated by whether the site is ordered or disordered.  Another explanation for the association of posttranslational modifications with disorder is that these modifications can influence the disorder to order transition, introducing another element of control (Iakoucheva, 2002).

The ability of disordered regions to adopt an extended conformation in the native state results in additional advantages for biological functions.  Disordered proteins tend to have a higher average per-residue surface area than ordered proteins; thus, a disordered protein can present a large interaction surface with a smaller number of residues relative to an ordered protein (Tompa, 2002).  A globular protein would have to be 2-3 times longer than a disordered protein to present the same area of interaction; if ordered proteins were used in place of disordered proteins in binding interactions, the genome and cell volume would have to be significantly increased to contain the longer genes and prevent cellular crowding due to larger proteins (Gunasekaran, 2003).  Thus, disordered proteins may be a way to provide certain functions while reducing genome and cell sizes.  An extended conformation may also be useful for proteins attached to biological membranes.  These proteins could be bound to a membrane at one terminus, while a disordered terminus extends outward from the surface.  Binding sites on these extended regions are thus “tethered” to the membrane surface; this design allows for interactions at larger distances from the membrane (Dafforn, 2004).  Extended regions can pack more tightly than globular proteins, which allows for more binding sites for a given surface area.  This tight packing can also help to promote other biological processes by bringing the relevant agents into close proximity.  For example, the extended domains of the membrane-bound endocytotic proteins epsin and adaptor protein 180 bind clathrin subunits, which promotes clathrin coat assembly by recruiting the coat components (Kalthoff, 2002).

Structural and other roles for intrinsically disordered proteins

In addition to their roles in molecular recognition, disordered proteins are also utilized in structural roles.  Some disordered regions of proteins serve as linkers, connecting two ordered domains in a protein.  Q-linkers, a class of interdomain regions spanning functional regions in several bacterial proteins, lack secondary structure and possess a compositional bias similar to that of other disordered proteins (Wootton, 1989).  These linker regions can connect distinct domains and allow for interactions between them.  Other linkers possess both ordered and disordered regions; the disordered portions of the linker allow for mechanical flexibility needed for some processes.  In a protein such as calmodulin, the linker has a short (5 aa) disordered region.  This flexible region acts as a hinge upon which the molecule folds when interacting with its binding partners (Dunker, 2005).  Thus, disordered linker regions, while not directly involved in binding, can facilitate structural rearrangements necessary for molecular recognition.

Another use for disordered proteins is in maintaining spacing between molecules or structural components in the cell.  A disordered protein explores an ensemble of conformations in a given space; reductions in the space available to this protein result in a decrease in the number of accessible conformations.  As a reduction in the number of states is entropically unfavorable, a disordered protein will thus exert a repulsive force on molecules entering its local environment, analogous to a spring resisting compression (Brown, 1997).  This entropically driven spring or bristle is distinct in that it derives its repulsive properties from rapid thermal motion (Hoh, 1998).  A domain with this repulsive property can be used in both binding and structural applications.  An entropic bristle could control protein-protein interactions by repelling molecules from the binding site of a protein; reduction in this repulsive force by dephosphorylation of the bristle domain or by other methods could modulate the accessibility of a protein to binding partners.  A collection of bristles, called an entropic brush, can exert repulsive forces on a larger scale.  Entropic brushes have been suggested to play an important role in cytoskeletal organization (Mukhopadhyay, 2004).  In particular, the disordered tail regions of neurofilaments are thought to extend away from the filament axis and collectively exert a long-range repulsive force that maintains interfilament spacing and increases the axon’s resistance to compression (Brown, 1997; Kumar, 2002).  A similar spacing mechanism is also thought to exist for microtubules, with microtubule-associated proteins comprising the entropic brush (Mukhopadhyay, 2001).

Other functions have been speculated for intrinsically disordered proteins.  One view is that these proteins are less sensitive to temperature changes or changes in cellular conditions (Dyson, 2002).  This view is supported by studies on a disordered transcription factor showing that binding to DNA is insensitive to environmental perturbations (Lee, 2001).  Thus, disordered proteins may be prevalent in regulation and interaction networks to impart stability from environmental conditions to essential processes in the cell.  Another proposal is that disordered regions in proteins can facilitate transport through narrow channels (Namba, 2001).  Import through the mitochondrial membrane is accomplished by first unfolding proteins from an N-terminal presequence, which is removed after the refolding that occurs post-translocation (Hebert, 1999).  Intrinsic disorder in these regions could assist in the initiation of N-terminal directed unfolding.  It should be noted that this proposal is based on evidence showing that crosslinking the N-terminal presequence inhibits unfolding during import; this behavior is not sufficient to prove the presence of intrinsic disorder in these regions (Huang, 1999; Namba, 2001).  

In addition to the biological functions discussed above, other proposals suggest some intrinsically disordered proteins are non-functional or possess pathological functions.  One argument for non-functionality proceeds from the correlation between low-complexity DNA and low-complexity protein.   As low-complexity DNA sequences tend to be genetically unstable and subject to rapid expansion over time, it has been suggested that protein products of rapidly expanding genes could not maintain functionality (Lovell, 2003).  Studies have shown that genes for disordered sequences do tend to evolve rapidly; however, this does not preclude the maintenance of function.  As the function of intrinsically disordered proteins derives from an extended, conformationally diverse state, sequence expansion in these regions may have little or no adverse effect on function (Tompa, 2003).  This increased tolerance for sequence expansion may also lead to an increased rate of aberrant or pathological function (Dyson, 2005).  Truncations or translocations of genetic material into a gene coding for an ordered protein typically result in a misfolded protein, which is eliminated by the proteasomal machinery.  In contrast, the products of acquired genetic elements that appear in disordered regions may not result in degradation, as disordered regions better tolerate these types of changes.  Thus, disordered proteins are more susceptible to the acquisition of new, potentially pathological functions.

It has also been posited that intrinsic disorder is an artifact of the solvent conditions of in vitro studies.  In contrast to the crowded conditions of the cell, proteins are typically characterized in dilute, ideal solutions (Flaugh, 2001).  As crowding favors folded structure, it is possible that intrinsically disordered proteins are only disordered in ideal conditions and adopt an ordered native state in the cellular environment.  Results from crowding studies on disordered proteins are inconclusive; some proteins (c-Fos, p27Kip1, TCAM) maintain the disordered state while others (FlgM) gains structure in a cell-like environment (Flaugh, 2001; Qu, 2002; Dedmon, 2002).  A study on the disordered protein (-synuclein shows that macromolecular crowding actually favors the disordered state (McNulty, 2005).  The conflicting results may be due to differences in the crowding conditions studied or to intrinsic differences in the response of different disordered proteins to crowding conditions.

Disordered proteins have been suggested to play a role in diseases involving the formation of aggregates or amyloid plaques.  As such diseases are thought to be due to protein misfolding, proteins that are conformationally flexible, such as intrinsically disordered proteins, are often implicated in these pathologies (Jahn, 2005).  Disordered proteins such as prions, (-synuclein, and (-amyloid have all been associated with aggregation in neurodegenerative diseases  (Shastry, 2003).  However, computational studies on the sequences of aggregation-prone proteins show that hydrophobic and aromatic amino acids favor aggregate formation while charged and hydrophilic amino acids favor the soluble state; this propensity scale correlates negatively with most scales for disorder proteins  (Weathers, 2004; de Groot, 2005; Pawar, 2005).  Additionally, a comparative sequence analysis indicates that sequences from globular proteins contain three times as many aggregation-nucleating regions as sequences of disordered proteins  (Linding, 2004).  Thus, while disordered proteins are sometimes associated with diseases of aggregation, sequence-based studies suggest that these proteins are less likely to form aggregates, in the traditional sense.  A reconciliation of these disparate findings has not yet been attempted, although the proposal that some proteins also form small, soluble aggregates may partially resolve this issue (Walsh, 2004).  

Conclusions

Intrinsically disordered proteins are an increasingly important class of proteins that call for a significant reevaluation of the traditional structure-function paradigm.  They participate in a diverse group of biological functions beneficial (or, in some cases, pathological) to the cell, but lack a structured native state.  Several issues involving these proteins remain to be addressed.  A variety of computational methods exist for the recognition of disordered protein from amino acid sequence.  However, many of these methods, while accurate, are not fully informative about the importance of different characteristics for promoting disorder.  An approach that can quantify the contributions of various sequence properties would provide more insight into the underlying causes of intrinsic disorder.  Further, the diversity of functions in which disorder plays a role suggests that there are a number of distinct types of disordered proteins.  Investigations into the differences between these types could elucidate how different kinds of disorder are encoded for by sequence.  Finally, disordered proteins possess unique structural properties, which evidence suggests can be regulated by various agents; characterization of structural changes in disordered protein will be valuable to understanding how the lack of structure in these proteins could confer unique functions.  In this dissertation, I present endeavors to investigate these issues.
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CHAPTER 2

RECOGNITION OF INTRINSICALLY 

DISORDERED PROTEIN FROM SEQUENCE

Introduction

Intrinsically disordered proteins are prevalent in nature and are involved in a variety of functional roles.  The increasing recognition of disorder as an important characteristic has promoted the development of techniques to identify these proteins.  A variety of experimental methods exist to recognize regions lacking secondary structures or adopting an extended conformation; however, no universal standard exists for the characterization of disorder.  Additionally, the presence of disorder in many cases is dependent on the solvent environment or the absence of a binding partner.  Thus, experimental characterizations may overlook proteins that are intrinsically disordered but adopt an ordered conformation under certain conditions.  Computational methods, while less conclusive than biophysical characterizations, offer the advantage of depending only on protein sequence.  Most computational algorithms for the recognition of disorder rely on compositional biases present in the sequences of proteins previously determined to be unstructured.  This information is used to create a composition profile or propensity to distinguish ordered from disordered proteins.   

Here I have trained a support vector machine (SVM) to recognize intrinsically disordered proteins.  SVMs are learning machines based on a development of statistical learning theory by Vapnik and colleagues (Vapnik, 1995).  An important feature of SVMs is that the results of the learning process can be quantified; thus the relative influence of different parameters on the ability of the SVM to recognize disordered proteins can be measured.  SVMs operate in two stages: data sets from two different classes are first mapped into a higher dimensional space based on vectors that represent some particular parameter, then the hyperplane that optimally separates the two classes is calculated.  SVMs are designed to provide a globally optimized solution that ensures the highest level of recognition accuracy.  SVMs have been successfully applied to many pattern classification and recognition problems; applications to biology include predictions of secondary structure, subcellular location, and solvent accessibility (Hua, 2001; Cai, 2002; Yuan, 2002).  Jones and colleagues have recently shown that SVMs are effective tools for predicting disordered proteins (Ward, 2004; Weathers, 2004).  Here we use an SVM based approach to gain further insight into the physicochemical principles important for recognition of disordered proteins.  

Results and Discussion

Each protein in the dataset of ordered and disordered proteins was translated into a vector representation.  The initial vector set was based on sequence composition information for each amino acid; proteins were represented with one vector for each amino acid (20-AA SVM).  The SVM was trained on a randomly chosen selection of sequences comprising 80% of the total set.  The prediction accuracy was calculated by testing the ability of the SVM to correctly categorize proteins in the remaining 20% of the dataset (Figure 1).  Using this approach the 20-AA SVM has an accuracy of 87+/-2%, demonstrating that amino acid composition alone is sufficient to accurately recognize disordered proteins.  The vector weights for the 20 amino acids indicate a strong bias against hydrophobic groups and a weaker bias toward charged or polar groups (Figure 2, Table 1).  

A number of additional parameters that have been associated with disordered proteins were also examined, including Wootton sequence complexity, phosphorylation content, and net charge (Wootton, 1993; Iakoucheva, 2004).  The Wootton complexity is related to the complexity of the numerical state of a sequence, and effectively is a measure of the number of distinct ways in which a given sequence can be rearranged.  The phosphorylation content is based on the frequency of consensus motifs cAMP dependent protein kinase, protein kinase C, casein kinase II and tyrosine kinase obtained from Prosite (http://us.expasy.org/prosite/).  The charge vector reflects net charge, where K and R are positively charged and D and E are negatively charged.  Used together these three vectors have a recognition accuracy of 71%, poor compared to the 20-AA SVM.  Adding the three vectors to the 20 individual amino acid vectors resulted in no change in the accuracy and the weights of the new vectors were small, suggesting they add little new information over sequence composition (Figure 2). 
To investigate how a particular class or property of amino acids affects recognition accuracy and to determine the minimal amount of information needed for recognition, a number of reduced amino acid sets were studied.  Reduced sets developed by Andorf and colleagues based on the BLOSUM50 substitution matrix were used to decrease the number of vectors needed to represent protein sequences (Henikoff, 1992; Andorf, 2003).  Sets of 15, 10 and 8 vectors each had 85+/-2% recognition, and a reduced set of 4 retained 84+/-1% recognition accuracy (Table 2).  Additional reduced sets of amino acids were created based on chemical properties.  A set based on charge had relatively poor recognition (62+/-3%) while sets based on mass or volume allowed for intermediate levels of recognition (74+/-2% and 79+/-2%, respectively). Sets based on hydrophobicity varied in recognition accuracy depending on the number of vectors; a reduced set of 2 performed poorly (62+/-3%), but a set of 8, obtained using a graded hydrophobicity scale, was more accurate (84+/-2%).  Other sets were derived by using a combination of chemical properties; these sets had recognitions between 64+/-3% and 83+/-2%.  The vector weights for these reduced sets also showed a similar strong bias against hydrophobic amino acids and weaker bias for charged or polar groups (Figure 3, Table 3).  Random groupings of amino acids into four categories produced recognition accuracies near random. 

The role of higher order parameters was further investigated by using vector sets based on increased block size.  Vector sets were developed for all possible amino acid dimers (400 vectors) and trimers (8000 vectors).  Recognition accuracy for the dimers was identical to the single amino acids, while using the trimers increased accuracy slightly to 90+/-1% (Table 4).  Recognition accuracy was also determined for blocks using reduced alphabets; these reduced set dimers and trimers performed well (80+/-2% to 87+/-2%).  Additionally, a set of reduced pentamers was created using a 2-letter alphabet for hydrophobicity.  Recognition using the 32 possible reduced set pentamers resulted in an accuracy of 85+/-2%.

A central finding from our SVM analysis is that a small number of vectors based on general chemical properties of amino acids is sufficient to recognize disordered protein.  Using a full 20-amino acid representation of protein sequence can achieve a recognition accuracy of 87%, while a reduced set as small as 4 preserves an 84% recognition accuracy.  In the 4 vector set, two vectors with amino acids of a more hydrophilic character show a positive relationship with disorder (disorder-associated) while the two vectors representing more hydrophobic amino acids show a negative relationship (order-associated) (Dunker, 2001).  For all the amino sets the negative vectors are stronger than the positive vectors, suggesting that a high ratio of hydrophilic to hydrophobic amino acids is characteristic of disordered proteins.  There are a number of ways to interpret these results.  It has been suggested that functionally important properties of disordered proteins may be less sensitive to specific amino acid content than well-folded proteins (Bright, 2001).  This line of thinking is based on analytical treatments of polymers of the type developed by Flory and de Gennes where the polymers are highly unstructured (Flory, 1953; de Gennes, 1979).  In these models relatively simple bead-spring representations of polymers, often with only attractive or repulsive interactions, are remarkably powerful in capturing measurable properties.  The general conclusion is that for polymers (proteins) in this regime, atomic details of the monomers are much less important than general characters such as hydrophilicity and hydrophobicity.  This is consistent with the findings here, which implies that disorder is related to general chemical properties rather than interactions between specific amino acids.  We also note that it is well established that the hydrophobic amino acids play a central role in stabilizing folded proteins (Dill, 1990).  This fact has been exploited to recognize native folds and predict protein globularity (Huang, 1995; Linding, 2003; Rost, 2003).  In one such approach globularity prediction is based on the ratio of surface accessible to buried amino acids; given the close relationship between surface accessibility and hydrophobicity/hydrophilicity, this means that the general character of amino acid composition provides information about how well a protein will fold (Rost, 2003).  The corollary to this finding would be, as found here, that a significant under representation of hydrophobic amino acids would tend to produce less globular and less well-folded proteins.  However, although there appears to be a general correlation with hydrophobicity, the vector weights for the 20-AA SVM do not correspond closely with standard hydrophobicity scales (Kyte, 1982; Hopp, 1983) (Figure 4).  The Kyte-Doolittle scale was developed to recognize transmembrane domains from other domains, while the Hopp-Woods scale was created to identify exposed domains to be used in antibody selection.  This difference may explain why the disorder score correlates more closely with Hopp-Woods; antigenic regions of the protein are more likely to be solvent-exposed or lacking stable secondary structure.  Interestingly, the correlation between disorder score and Kyte-Doolittle values improves dramatically if the bulky, hydrophobic amino acids are ignored.


In general, higher-order correlations seem to play a modest role in the recognition of disorder.  Most of the higher-order vector sets examined had accuracies equal to or less than that for the 20-AA SVM.  A slight improvement was observed for amino-acid blocks of three; however, this difference is at the border of statistical significance.  The dimers and trimers with the lowest and highest vector weights show interesting variation (Tables 5, 6).  The top order-promoting blocks all contained at least one of the strongly order-promoting amino acids (W,Y,F,I,C) from the 20-AA SVM analysis.  However, many of the top disorder-promoting blocks also contained one or more of these order-promoting amino acids.  It is expected that the top disorder-promoting blocks would be composed of only the disorder-promoting individual amino acids.  This disagreement may indicate some level of cooperativity between adjacent amino acids in determining the amount of disorder.  Another, more likely explanation is that these top scoring blocks are an artifact of the training sets.  As the disordered dataset used in SVM training contains homologous proteins, the disorder-promoting vector weights may be affected by this homology, resulting in both an overestimation of prediction accuracy and bias in the top disorder promoting blocks.  This explanation is supported by the paradoxical result that, while the dimer WC promotes order, the dimer CW promotes disorder; it is unlikely that the ordering of the amino acids in this dimer could result in this switch. Additionally, the lower frequency of appearance of some dimers and trimers in the dataset creates difficulties for statistically accurate predictions.  This difficulty can be somewhat remedied by using reduced sets to allow for better-represented vectors.  Using a hydrophobicity-based alphabet to reduce the number of possible pentamers to 32 results in more statistically significant vector weights (Table 7).  Another issue related to higher-order correlations is the effect of different sequence arrangements on disorder prediction.  A protein with a hydrophobic region followed by a hydrophilic region could produce the same SVM score as a protein with alternating hydrophobic and hydrophilic residues, even though these arrangements would not be expected to behave in the same way.  However, naturally occurring proteins tend not be arranged in blocks of amino acids and thus this is not problem when distinguishing between such proteins.  
Previous work on disordered proteins has demonstrated a very clear propensity for such proteins to be over-represented in polar and charged amino acids (Dunker, 2001; Uversky, 2000; Linding, 2003; Liu, 2002). However the propensity itself, based on a composition profile, does not allow one to evaluate the importance of a given amino acid (or other parameter) to recognizing or predicting disorder.  One significant contribution that the SVM approach can make in this context is that it allows quantitative weights to be assigned to individual parameters; these weights are objectively tied to the recognition performance of the SVM.  Vector weights for our 20-AA SVM show significant deviations from the overall amino acid composition profiles of the input data (Figure 5) (Dunker, 2001).  The composition profiles indicate the same hydrophilic/hydrophobic separation between order-associated and disorder-associated amino acids.  However, our weight vectors show deviations from these propensities, most significantly for tryptophan.  The composition profile also indicates that asparagine and aspartic acid are associated with order, while the weight vectors suggest both are significantly associated with disorder.  This suggests that while asparagines/aspartic acid content is relatively low in the overall disordered dataset, high asparagine/aspartic acid content in an individual protein sequence is an indicator of disorder.  That conclusion is in agreement with the propensity scales developed by Linding and colleagues: two of the three scales indicate a high propensity for asparagine and aspartic acid to be disordered (Linding, 2003).  These propensity scales again show similar trends as for the vector weights, although with some minor differences.  While the vector weights indicate that charged residues are associated with disorder, the propensity values for some charged amino acids show a bias towards order for one propensity scale.  This difference may be a result of the particular scale’s derivation from known loop regions, which include both ordered and disordered segments.  The SVM vector weights agree best with the values for the “hot loop” propensity scales, which are taken from loop regions with high B factors. 
The SVM used in our analysis is a binary classifier that assumes that proteins will fall into one of two predefined classes; they have a disordered segment of >40 amino acids or they do not.  However, naturally occurring proteins can contain both ordered and disordered segments.  This suggests that an analysis of proteins in nature should use local (along the chain), rather than overall, amino acid composition as the metric for identifying regions of disorder.  Disordered segments can also vary in the extent and type; it is likely that there are qualitatively different functions for disordered proteins and it is likely that the nature of the disorder in these cases will be different.  Identifying the different classes of disordered proteins and their associated functions will become increasingly important; the SVM based approach used here may prove useful in that endeavor.

Materials and Methods
Protein Data
The training set was that compiled by Dunker and colleagues (Romero, 1998).  This set contains 718 segments classified as disordered and 1190 sequence classified as structured.  

Support Vector Machine

We used the mySVM implementation of support vector machine theory by Rüping (http://www-ai.cs.uni-dortmund.de/SOFTWARE/MYSVM/).  The initial stage of mapping data sets into higher dimensional spaces was accomplished using a kernel function, K(si,x), where si is a support vector and x is the input sequence.  For our analysis we chose a dot kernel function where K(si,x) = si  · x.  This kernel function provides high accuracy while avoiding the long training and testing times associated with higher order kernel functions.  The results of the mapping process are represented as a set of vectors, xi, i=1,…,N, and a label vector yi, which equals 1 for one class and –1 for the alternate class.  The optimally separating hyperplane (OSH) is represented by wTxi + b =0 where w is the set of vector weights and b is the bias.  The vector weight w represents the relative importance of each contributing factor to classification.  For ideal data sets OSH is found by minimizing 1/2wT w subject to the constraint yi(wTxi + b) ≥ 1.  For non-ideal data sets the individual vectors may not be linearly separable. Thus, parameters are introduced to allow for nonlinear separation while limiting training error.  For this case the OSH is found by minimizing 1/2wT w + C∑(I subject to the constraint that yi(wTxi + b) ≥ 1- (I where (i ≥ 0. (i are slack variables that represent the deviation from ideal separation; these values are minimized in the training process.  C is a regularization parameter that balances the trade-off between complexity and error.  For our analysis a range of values for C were tested (data not shown) and C was set at 0.07.  Software and datasets used in this analysis are available upon request.

Measurement of Prediction Accuracy

Prediction accuracy was determined using 5-fold cross validation (Figure 1).  The ordered and disordered datasets were combined, and 80% of this dataset was randomly chosen and used to train the SVM.  The prediction accuracy was then measured by testing the SVM on the remaining 20% of the original dataset.  The overall prediction accuracy is the average of ten rounds of testing; 50% reflects random classification. 

Figure 1.  Schematic of development and testing of the SVM for recognizing intrinsically disordered proteins.  
[image: image1.wmf]

Figure 2.  SVM vector weights for the 20 amino acid SVM predictor and three additional parameters.  Positive values indicate residues that are associated with disorder while residues with negative values are associated ordered regions. 
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Figure 3. SVM vector weights for reduced amino acid sets based on the BLOSUM50 substitution matrix.  Set of (a) 15, (b) 10, (c) 8 and (d) 4.  



Figure 4.  Comparison of hydrophobicity scales versus SVM vector weights.  Results for (a) Kyte-Doolittle and (b) Hopp-Woods.  R2 values are 0.22 and 0.61, respectively.
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Figure 5.  Comparison of amino acid propensity versus SVM vector weights.  Propensities are calculated by taking the log difference of each amino acid’s percent composition in the ordered and disordered datasets.  Positive propensities denote amino acids overrepresented in disordered proteins.  The R2 value for the propensity-disorder correlation is 0.67.
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Table 1. Summary of the disorder weights for the standard amino acids.

	Amino Acid
	Disorder Weight
	

	Tryptophan (W)
	-0.43
	

	Tyrosine (Y)
	-0.26
	

	Phenylalanine (F)
	-0.22
	

	Isoleucine (I)
	-0.21
	

	Cysteine (C)
	-0.2
	

	Leucine (L)
	-0.09
	

	Valine (V)
	-0.089
	

	Histidine (H)
	-0.074
	

	Alanine (A)
	-0.0016
	

	Threonine (T)
	0.0053
	

	Methionine (M)
	0.029
	

	Glutamine (Q)
	0.044
	

	Aspartic Acid (D)
	0.055
	

	Arginine (R)
	0.058
	

	Glycine (G)
	0.062
	

	Proline (P)
	0.075
	

	Serine (S)
	0.079
	

	Asparagine (N)
	0.081
	

	Glutamic Acid (E)
	0.082
	

	Lysine (K)
	0.087
	


Table 2.  Summary of SVM accuracy for standard and reduced vector sets.  Amino acids in parentheses denote the grouping of residues in the reduced alphabets.

	Classification Property
	Vector Size
	Prediction Accuracy

	20-AA SVM
	20
	87 ± 2 %

	Others (charge, phosphorylation, complexity)
	3
	71 ± 2%

	20-AA SVM + Others
	23
	87 ± 2%

	Reduced 15 (Sub. Matrix)
	15 (FY,ILMV,KR)
	85 ± 2 %

	Reduced 10 (Sub. Matrix)
	10 (FWY,ILMV,ST,EDNQ,KR)
	85 ± 1 %

	Reduced 8 (Sub. Matrix)
	8 (FWY,CILMV,AG,ST,EDNQ,KR)
	85 ± 2 %

	Reduced 4 (Sub. Matrix)
	4 (FWY,CILMV,AGPST,DEHKNQR)
	84 ± 1 %

	Hydrophobicity 2
	2 (FILVWYACGMP,DEHNRKQST)
	62 ± 3 %

	Hydrophobicity 4
	4 (FILVWY,ACGMP,DEHNR,KQST)
	82 ± 1 %

	Hydrophobicity 8
	8 (FWY,ILV,CMP,HN,AG,ST,DER,KQ)
	84 ± 2 %

	Charge
	3 (KR,DE,ACFGHILMNPQSTVWY)
	62 ± 3 %

	Mass
	4 (FRWY,DEHIKLMNQ,CPSTV,AG)
	74 ± 2 %

	Volume
	4 (FWY,EHIKLMQRV,CDNPT,AGS)
	79 ± 2 %

	Hydrophobicity 4 - Charge
	4 (ACFGILMPVWY,DE,NQST,HKR)
	64 ± 3 %

	Hydrophobicity 4 - Mass
	7 (FWY,ILM,CPV,AG,ST,DEHKNQ,R)
	82 ± 2 %

	Hydrophobicity 4 - Volume
	7 (FWY,ILMV,CP,DNT,AG,EHKQR,S)
	83 ± 2 %

	Charge - Mass
	7 (FWY,ILMNQ,DE,CPSTV,R,HK,AG)
	79 ± 2 %

	Charge - Volume
	6 (FWY,ILMQV,D,CNPT,EHKR,AGS)
	81 ± 2 %

	Mass - Volume
	8 (FWY,V,EHIKLMQ,DN,CPT,R,AG,S)
	79 ± 2 %


Table 3.  Summary of the disorder weights for reduced sets of a). 15, b). 10, c). 8, and d). 4 groups. 

	A). Reduced 15 Groups
	Disorder Weight

	W
	-0.47

	FY
	-0.24

	C
	-0.2

	ILMV
	-0.1

	H
	-0.039

	T
	0.0032

	A
	0.0072

	D
	0.036

	N
	0.059

	G
	0.067

	KR
	0.069

	Q
	0.07

	E
	0.091

	S
	0.095

	P
	0.095


	B). Reduced 10 Groups
	Disorder Weight

	FWY
	-0.26

	C
	-0.21

	ILMV
	-0.095

	H
	-0.066

	A
	0.035

	G
	0.047

	ST
	0.062

	EDNQ
	0.066

	KR
	0.078

	P
	0.086


	C). Reduced 8 Groups
	Disorder Weight

	FWY
	-0.29

	CILMV
	-0.11

	H
	-0.044

	AG
	0.043

	ST
	0.053

	EDNQ
	0.078

	KR
	0.081

	P
	0.089


	D). Reduced 4 Groups
	Disorder Weight

	FWY
	-0.28

	CILMV
	-0.09

	AGPST
	0.06

	DEHKNQR
	0.077


Table 4.  Summary of SVM accuracy for standard and reduced vector sets for multiple amino acid lengths.  Reduced sets are the same as described in Table 1. Reduced sets are used to reduce the number of possible vectors for a given length; i.e. for a length of two and a reduced set of 4, there are 4X4 possible dimers.

	Classification Property
	Vector Size
	Prediction Accuracy

	Dimers
	400
	87 ± 2 %

	Dimers (Reduced 8)
	64
	86 ± 1%

	Dimers (Reduced 4)
	16
	86 ± 2%

	Dimers (Volume)
	16
	80 ± 2 %

	Dimers (Mass)
	16
	83 ± 1 %

	Trimers
	8000
	90 ± 1 %

	Trimers (Reduced 8)
	512
	86 ± 2 %

	Trimers (Reduced 4)
	64
	87 ± 2 %

	Pentamers (Hydrophobicity 2) 
	32
	85 ± 2 %


Table 5.  Highest- and lowest-scoring dimers for SVM disorder prediction.  Disorder scores are relevant with each vector set and are not comparable with disorder scores for other predictors.

	Order-Promoting Dimers
	Disorder Score
	Disorder-Promoting Dimers
	Disorder Score

	CM
	-1.95
	ME
	0.44

	WC
	-1.87
	CK
	0.48

	YH
	-1.45
	KD
	0.48

	WA
	-1.44
	WQ
	0.51

	HC
	-1.04
	WS
	0.56

	FW
	-1.01
	MT
	0.58

	MW
	-0.99
	CP
	0.59

	WH
	-0.99
	EC
	0.62

	WI
	-0.93
	CW
	0.67

	CI
	-0.85
	MH
	1.25


Table 6.  Highest- and lowest-scoring trimers for SVM disorder prediction.  Disorder scores are relevant with each vector set and are not comparable with disorder scores for other predictors.

	Order-Promoting Trimers
	Disorder Score
	Disorder-Promoting Trimers
	Disorder Score

	WLW
	-1.10
	WPM
	0.48

	FRW
	-1.03
	PMC
	0.48

	WQC
	-0.96
	MCV
	0.52

	WGM
	-0.75
	TMH
	0.52

	FMI
	-0.64
	YTM
	0.62

	WWQ
	-0.55
	CHF
	0.68

	MCK
	-0.53
	MDD
	0.91

	VCH
	-0.52
	HHC
	1.69

	SHC
	-0.51
	MKC
	1.98

	IMY
	-0.45
	MEM
	2.01


Table 7.  Highest- and lowest-scoring reduced alphabet pentamers for SVM disorder prediction.  Pentamers are reduced using the hydrophobicity-2 scale; H denotes hydrophilic while P denotes hydrophobic.

	Order-Promoting Pentamers
	Disorder Score
	Disorder-Promoting Pentamers
	Disorder Score

	PPPPH
	-0.56
	PPPHH
	0.02

	PPPPP
	-0.43
	PPHPP
	0.02

	PHPHP
	-0.25
	PHHHP
	0.04

	PHPPH
	-0.21
	HHHHP
	0.04

	PPHHP
	-0.20
	HHHHH
	0.04

	PPPHP
	-0.19
	HPPPP
	0.04

	HPPPH
	-0.19
	HPHHP
	0.04

	HPHPP
	-0.17
	PHHPH
	0.06

	HHPPH
	-0.16
	PHHHH
	0.14

	HHHPP
	-0.13
	HPPHH
	0.16
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CHAPTER 3

INISGHTS INTO PROTEIN STRUCTURE AND FUNCTION FROM DISORDER-COMPLEXITY SPACE

In a previous chapter I presented a support vector machine (SVM) approach for recognizing disordered proteins based on sequence and identified the contribution of sequence characteristics to disorder (Weathers, 2004).  I found that for peptides (40 amino acids (aa), disordered regions of proteins can be identified with 87% accuracy using amino acid composition; this accuracy compares favorably with other disorder recognition methods.  Further, incorporating other properties associated with disordered proteins, such as sequence complexity, net charge and the number of phosphorylation sites, does not improve the recognition accuracy; i.e., information on sequence composition alone is sufficient to achieve a high degree of recognition accuracy (Romero, 1999; Iakoucheva, 2004).    

The SVM disorder predictor is a classifier that calculates a disorder score reflecting the likelihood that a protein exists in a disordered state.  However, the range of functional roles that disordered proteins play suggest that there is not a single disordered state, but that there are different types of disorder that allow for different functions.   Indeed it has been shown that a suitably trained neural net can identify subtypes of disordered proteins (Vucetic, 2003).  Here I report on an effort to separate disordered proteins and gain further insight into functionally or structurally important sequence variations within this class of proteins.  Our approach was to examine the degree of disorder as a function of other sequence properties and thereby spread the disorder score along some informative axis.  One property found to be especially useful was sequence complexity, and here the results of a study on the relationship between the complexity and the predicted disorder of individual proteins and collections of proteins are presented. 
Results and Discussion

Swiss-Prot Database Distribution in Disorder-Complexity Space

To examine the disorder-complexity space distribution, a disorder score and complexity value was calculated for each unique 40 amino acid long segment in the Swiss-Prot Database.  The complexity value is the K1 compositional complexity described by Wootton, which here has a theoretical range of 0 to 1.05 (Wootton, 1993).  Low complexity values reflect a sequence with a small number of different amino acids; e.g., homopolymers have a complexity value of zero.  The disorder score for a sequence is calculated using the previously described support vector machine algorithm (Weathers, 2004).  The score is based on amino acid composition and has a theoretical range between –43 and 8.7 (Table 1).  Positive scores indicate a greater likelihood that the sequence is intrinsically disordered, while negative values suggest the presence of ordered structures.  Both disorder and complexity are calculated from the composition of the 40-mer, and are independent of order.  Each of the 39.5 million unique 40-mers in Swiss-Prot is plotted as a point in disorder-complexity space, which we refer to as DC-space (Fig. 1a). The allowable bounds within DC-space for a peptide of this length composed of one or more of the 20 canonical amino acids are also computed (Fig. 1a, black line). 

Most of the peptides in the resulting Swiss-Prot distribution are ordered and high complexity, with a peak in the distribution at a disorder score of –2.0 and a complexity of 0.94.  The shape of the distribution along the complexity axis agrees with prior analysis of proteins in Swiss-Prot (Wootton, 1996).  Approximately 16% of the peptides fall on the disordered side of the distribution; for comparison, Romero and colleagues have estimated that 11% of the residues in Swiss-Prot belong to disordered regions 40 amino acids or longer (Romero, 2000).

At high complexity values (K1 > 0.7), both ordered and disordered peptides are present.  As complexity decreases, however, the distribution of peptide sequences skews strongly towards higher disorder scores.  The low complexity-high order region of the distribution is completely devoid of any peptides.  This region would be populated by highly hydrophobic molecules, which correlate negatively with disorder (Uversky, 2000; Dunker, 2001).  Additionally, low-complexity peptides will, by definition, contain a smaller number of amino acid types than high-complexity peptides.  Therefore, proteins that are both ordered and low-complexity will tend to be comprised of a small number of predominantly hydrophobic amino acid types, increasing the likelihood that the sequence contains blocks of consecutive hydrophobic residues.  The pattern of hydrophobic residues in a sequence has been shown to be a significant determinant of a protein’s tendency to aggregate (Schwartz, 2001; DuBay, 2004).  Thus, a possible explanation for the absence of low-complexity, ordered peptides in nature is that these proteins contain patterns of hydrophobic residues that increase the tendency to form aggregates.

To examine the role of compositional bias in this skewed distribution, a dataset of random 40 aa peptides with the same number of peptides as the Swiss-Prot database and the same compositional bias was created.  A comparison of the distributions of the random set with the Swiss-Prot set shows that the random set is more tightly clustered, demonstrating that compositional bias does not account for skew in the Swiss-Prot distribution (Fig 1b).  Subtracting the random distribution from the Swiss-Prot distribution shows the regions of DC-space that are over- or underrepresented in Swiss-Prot (Fig, 1c).  Consistent with previous findings there is a general overrepresentation of low complexity sequences and a corresponding underrepresentation of high complexity peptides (Wootton, 1994).  

PDB Database Distribution in Disorder-Complexity Space

The DC-space distribution for all unique 40 amino acid long peptides in the Protein Data Bank was also studied (Fig. 1d).  A comparison of the DC-space distribution of peptides from the PDB with that of Swiss-Prot reveals some notable differences.  The PDB distribution, while centered at the same coordinates as Swiss-Prot, is much more compact.  Thus there is a large part of DC-space that is populated in Swiss-Prot, but unoccupied in the PDB distribution.  Assuming that crystallization is the limiting step in structure determination, these regions of DC-space represent peptides that exist in nature but have not yet been crystallized.  The peptides in the DC-space unoccupied by PDB can be divided into three classes: a high complexity and ordered class, an intermediate complexity (0.6 < K1 < 0.8) and ordered class, and a low complexity and disordered class.  The first class includes peptides from membrane proteins, which are difficult to crystallize in aqueous environments (Garavito, 1996).  Peptides of the second class include ones from proteins that are known to aggregate, such as prions, which may explain why these peptides are rare in Swiss-Prot and absent in the PDB.  The third class comprises the disordered region in Swiss-Prot not occupied by PDB and represents a class of proteins that are too flexible to allow for 3D structure determination.

The effect of compositional bias on the PDB distribution was also examined by comparing it to the distribution of an equal number of randomly generated peptides with the same compositional bias (Fig 1e).  Similar to the result obtained for the Swiss-Prot comparison, the random set is more tightly centered at the peak of the distribution, although the differences between the PDB and random distributions are much less pronounced than between Swiss-Prot and its corresponding random set.  As with Swiss-Prot, subtracting the distribution of the random database from that of the PDB database shows that the low complexity sequences are overrepresented while high complexity are underrepresented relative to the random set.

The PDB distribution can be further refined by separating peptides with atomic coordinates (PDBc) from peptides missing in the 3D structure (PDBm).  As expected, segments with coordinates clustered on the ordered side while those not visible in the 3D structure skew towards the disordered side of DC-space (Fig. 2).  Although there are still a large number of peptides with high complexity and relatively low disorder values in the distribution.  Note that the disordered protein data set used in training the support vector machine was originally derived from sequences taken from the PDBm (Romero, 2001).  Previous work has suggested a minimal complexity value, based on Shannon entropy, below which proteins do not fold (Romero, 1999).  Here we find that the PDBc distribution has a lower complexity bound that depends on the degree of predicted disorder in the peptide, and the K1 varies from ~0.5 to 0.85 (Fig. 2a, black line).  The fact that this boundary is so well defined suggests that peptides below it have properties that make them difficult or impossible to crystallize, for structure determination, with currently available techniques; if so, the boundary may serve as part of a screen to determine the likelihood that a particular peptide can be crystallized or will be ordered within a crystallized protein.  

Length Dependence of Swiss-Prot and PDBc Distributions

The observed distributions of Swiss-Prot and PDBc vary with the length of the peptide used to calculate disorder and complexity values.  This behavior is due to the length dependence of the K1 metric for complexity; the number of available complexity states increases with the number of arrangeable components.  Thus, as peptide length increases, the bounds of the distributions will grow along the complexity axis.  The bounds along the disorder axis are length-independent and will remain at -43 and 8.7, although the available disorder values become more finely spaced with increasing peptide length.  To characterize this influence the Swiss-Prot and PDBc distributions as a function of peptide length were examined (Fig. 3a-d).  The extent of DC-space occupied by a distribution was quantified by dividing the theoretically available DC-space into 200x200 partitions and counting the number of partitions occupied by at least one peptide from the particular database.  This produces an estimate of the amount of disorder-complexity space occupied by a database.  Using the same approach for several peptide lengths it was found that Swiss-Prot and PDBc exhibit similar behavior as length increases.   At the smallest lengths, both databases occupy all available disorder-complexity values.  For example, at single amino acid lengths all complexities are zero and there are 20 possible disorder values, while at a length of two there are two possible complexity values and 210 possible disorder values.  All of these possible values are represented in both databases.  However, as length increases, the DC-space grows rapidly and the distribution of the databases becomes concentrated in a particular region (e.g. Figure 1). 

For all peptide lengths examined, the PDBc distribution in DC-space was equal to or more restricted than that for Swiss-Prot. To quantify the differences between the PDBc and Swiss-Prot, an occupancy ratio of the PDBc distribution to the Swiss-Prot distribution for several peptide lengths was examined (Figure 3e).  This ratio represents the extent of overlap between the two distributions - a ratio of one indicates the distributions are equivalent, while ratios below one indicate the PDBc distribution is more restricted than that for Swiss-Prot.  For lengths of one to three amino acids, the two databases are indistinguishable.  However, after three amino acids a difference between the two appears and begins to increase, and within the range examined (up to 120 amino acids) the ratio falls as a simple power law with an exponent of -0.475.  One way to view this result is that the amount of compositional information in the peptides that allows one to separate PDBc from Swiss-Prot increases with increasing length.  To the degree that Swiss-Prot represents naturally occurring peptides, this result then suggests that the compositional characteristics distinguishing crystallizable peptides from other naturally occurring peptides become more pronounced with increasing sequence length.  Surprisingly, even peptides as short as 7-12 amino acids have a substantial amount of compositional information.  This result can be utilized in determining optimal length scales for recognition of non-crystallizable proteins.  Previous studies have used peptide lengths of 40-45 amino for predicting disordered or low-complexity regions (Wootton, 1993; Weathers, 2004).  Our results suggest that a significant portion of prediction-relevant compositional information is present at much smaller peptide lengths.
We further examine the change in compositional information on a per residue basis (Fig. 3f).  Here the occupancy ratio is first subtracted from one so that, for lengths where the distributions are equivalent (i.e. the occupancy ratio equals one), the compositional information is set at zero.  This value is then normalized to the peptide length to give a per residue value.  The results show that the information per residue relevant to distinguishing crystallizable protein from other protein increases dramatically between 4 and 12 amino acids.  At greater lengths, the per residue information content decreases as the peptide length increases.  
Distribution of Peptides in Disorder-complexity Space as a Function of Structure


The distribution of PDBc in disorder-complexity space was further examined by comparing distributions for different secondary structural elements (Fig 4).  Distributions of secondary structure were calculated using a smaller window size of 20 to allow for sufficient sample sizes.  Helical segments show more variation than other structural elements.  As helices occupy both hydrophobic and hydrophobic environments in biological systems, a broad distribution is expected (Fig. 4a).  Sheet segments occupy a tighter distribution with most segments in the ordered region (Fig. 4b). For sequences labeled as turns or “other”, a shift in the distribution towards lower complexity and more disorder is observed (Figs. 4c, d).  This is also consistent with the expectation that these regions will exhibit more structural flexibility.

Individual Proteins in Disorder-Complexity Space


The distributions of individual proteins in disorder-complexity (DC)-space were examined.  An individual distribution was created by plotting the sequence complexity and disorder score for a 40 amino acid sliding window along the sequence.  This produced a trace based on the local composition that also showed the connectivity of the sequence, which we refer to as a DC-trace.  We plotted several thousand DC-traces using randomly selected sequences from Swiss-Prot, and also examined many specific proteins of particular interest to us.  Visual inspection of these traces reveals a remarkable diversity of distributions hidden within the full database distributions (Fig. 5).  Some aspects of these individual distributions can be rationalized in terms of structure or function of the individual proteins.  Many enzymes, such as catalase, have a compact distribution localized entirely in the ordered, high-complexity region of disorder-complexity space.  This type of trace is to be expected for a well-folded protein or protein domain.  Another enzyme, cytochrome c oxidase, exhibited a distribution similar in shape to catalase but shifted slightly to the more ordered side.  This shift may reflect the different environments for the two enzymes; while catalase exists in the perixosome, cytochrome c oxidase resides in the membrane.

Membrane proteins in general had distributions shifted toward the ordered side, although many had DC-traces that extended into the disordered side.  Interestingly, DC-trace for rhodopsin show the C-terminal part of the protein extends out from the compact distribution.  This C-terminal region has been shown to be flexible and contains several phosphorylation sites that play a role in binding of arrestin to rhodopsin (Getmanova, 2004).   Other membrane proteins exhibit high-complexity distributions that are spread to a larger extent along the disorder axis.  This type of DC-trace was seen for the F factor TraD protein, a membrane protein important for DNA transfer during conjugation in E. coli.  The more ordered sections of the DC-trace correspond to the N-terminal membrane spanning domains, while the more disordered sections represent the C-terminal cytoplasmic domains (Lee, 1999).  


A frequently observed DC-trace was composed of a compact ordered region along with a section extending out into low-complexity, disordered space before looping back into the ordered region.  This type of DC-trace was seen for some protein precursors containing multiple proteins, such as chicken vitellogenin I.   This precursor of egg-yolk proteins contains four distinct cleavage products.  The compact, ordered region of the vitellogenin DC-trace is primarily comprised by the heavy and light chain lipovitellins, and YGP42 (Yamamura, 1995).  The precursor also contains the protein phosvitin, which is one of the most highly phosphorylated proteins in nature and lacks regular secondary structure identifiable by Raman optical activity (Smyth, 2001).  This region of the precursor appears in the DC-trace as a loop extending into the low-complexity, disordered, region of the space.  These loop regions may also correspond to domains within individual proteins.  The bacterial translation initiation factor has been shown to contain N-terminal and C-terminal domains that are connected by a flexible linker region (Larsen, 2004).  This disordered linker appears in the DC-trace as a low-complexity, disordered loop connecting the N- and C-terminal ordered, high-complexity domains.  


In addition to DC-traces containing regions looping in and out of the low-complexity, high-disorder space, other protein DC-traces have long terminal regions extending into this space.  One notable example is heavy chain neurofilament protein (NF-H), where the extended region appears as a second compact distribution in low-complexity, disordered space; this bimodal trace pattern suggests two distinct functional domains.  The part of the protein in the ordered region corresponds to the filament-forming N-terminal domain, while the part in the disordered region corresponds to the C-terminal region of the protein that has been proposed to have functionally important disorder (Mukhopadhyay, 2004).


A smaller number of DC-traces exhibited ordered, high-complexity domains connected to a domain extending towards low-complexity, ordered space.  A DC-trace of this type was observed for prion protein where the extended region is thought to be involved in aggregation (Tanaka, 2002).  For other proteins exhibiting interesting DC-trace patterns, insufficient information exists to relate the different regions of the DC-trace to specific structures or functions.  For many proteins, however, the trace pattern could be explained in terms of the structural and functional properties of the protein or protein domain.  Thus DC-traces offer a new graphical tool that may be useful for understanding protein structure and function relationships, particularly with regard to proteins that have long disordered segments. 

Functional Classes in Disorder-Complexity Space

To further examine the relationship between protein function and disorder-complexity space, the distributions of several functional classes were plotted.  For this purpose the classification and annotation of the Gene Ontology Database was used to generate datasets of functionally similar proteins.  The function-based distributions exhibited a variety of shapes (Fig. 6) (Harris, 2004).  The distribution for the enzyme class has the expected compact, high-complexity distribution; however, a small part of the distribution lies in disordered space, suggesting that some enzymes contain more flexible domains.   The distribution for antigen-binding proteins is also highly compact, suggesting that proteins in this class also rely on being well-folded for functionality.  The majority of the sequences in this dataset are for immunoglobulin chains, which are predominantly comprised of distinct, well-folded domains.  The membrane protein class distribution is similar to that of the enzyme class.  The more flexible regions in the membrane distribution often correspond to the cytoplasmic domains of the protein.  The prion class distribution also bears similarities to the individual DC-trace discussed earlier.


Other class distributions display a more substantial shift towards lower complexity and increased disorder.   The distribution for ribosomal proteins exhibits a significant amount of disorder.   This finding agrees with work suggesting that these proteins have regions that are natively unfolded when separate from the ribosome complex (Gunasekaran, 2004).  The motor protein distribution also suggests that disorder plays an important role in this class.  The set of motor proteins includes proteins such as intermediate-chain dynein, which contains an N-terminal region that folds upon binding, and smooth muscle myosin, part of which has been proposed to undergo a disordered to ordered transition during the powerstroke cycle (Warshaw, 1998; Nyarko, 2004).  Structural protein classes displayed a similar distribution with a shift towards increased disorder.  The distribution for intermediate filaments indicates that many filaments have some disordered regions.  In particular, the Type IV filaments, neurofilament and (-internexin, displayed long unstructured regions.  Other structural classes, such as extracellular matrix and cell junction proteins had a similar distribution to that of the intermediate filament class, with some difference in the amount of low-complexity, disordered space sampled.


We also find several classes of proteins, where binding processes are important, that exhibit a significant shift towards increased disorder.   For example, the entire distribution for transcription factors is shifted towards disordered space, with a significant portion existing in low complexity regions.   Similar distributions are observed for other classes with binding functions such as signaling, regulatory, and chaperone proteins.  It has been suggested that many transcription factors are unstructured and undergo folding transitions upon binding to DNA (Dyson, 2002).  Disordered proteins have also been implicated in signaling and chaperone function (Uversky, 2005).  Some possible advantages for unstructured proteins in binding include more extensive sampling of the solution volume for a binding partner and improved energetics due to coupling of folding and binding (Shoemaker, 2000; Spolar, 1994). 


To ensure that these different distributions are not due to variations in sample size, we created distributions for randomly generated peptides with the same number and composition as each of the functional group datasets (Fig. 7).  The resulting distributions indicate that these differences are not due to the number or the composition bias of the sequences.  In total these results show that different functional classes of proteins clearly differ in their DC-space distribution, which suggests that the distributions contain compositional information that is relevant to the structural or functional properties within a group. However, unlike sequence motifs that are associated with specific functional activities, DC-distributions, which reflect only local composition, are more likely to be related to general physicochemical properties.  In this case the variations in DC-distribution would thus reflect the fact that certain general properties are associated with functions carried out by the different classes of proteins. 

Pattern Matching of Individual Disorder-Complexity Traces

The suggestion that DC-space distributions have structurally or functionally important information presents the question of whether they might be used to discover new relationships between proteins.  To investigate this possibility a pattern matching approach was developed to identify proteins with similar DC-traces.  For this the entire theoretical DC-space is divided into 30x30 partitions, and for a selected target protein the smallest number of partitions that enclose the DC-trace for the target is identified.  This produces a grid pattern, called a grid occupancy (GO) map, which contains the DC-trace and some surrounding DC-space.  The similarity between the two DC-traces can be quantified by comparing their GO-maps.  A similarity score is calculated by counting grid elements occupied by both traces as +1, grid elements occupied by the second protein but not by the target protein as -1, and unoccupied elements as 0.  This approach was then used to search the entire Swiss-Prot for proteins that have DC-traces related to a target protein. 

To illustrate this approach the results of DC-space searches of Swiss-Prot for bovine prion protein and human heavy-chain neurofilament are presented (Fig. 8).   The DC-trace for the bovine prion protein was chosen for its pathological significance as well as the unusual low-complexity, ordered portion of the distribution.  The trace occupies 30 grids, which is therefore the maximum for the similarity score between it and another DC-trace.  The average similarity score between prions and all other proteins in Swiss-Prot is 3.7 with a standard deviation (S.D.) of +/-4.8.  After the target protein itself, the highest similarity scores were obtained for prions from other species; there are 41 such hits with an average score of 25.7 (4.6 S.D.s above Swiss-Prot mean).  The highest-scoring non-prion proteins come from a variety of functional classes but have comparable DC-traces, with a high-complexity, ordered region and a region extending into low-complexity, ordered space.   As this extended region in prions corresponds to the octapeptide tandem repeats thought to play a role in aggregation, matching proteins were examined for similar behavior (Tanaka, 2002).  Interestingly, both human cytokeratin-18 and cytokeratin-8 were in the top 0.4% of matching proteins; these proteins are one of the main constituents of Mallory bodies, a cytoplasmic inclusion body in hepatocytes (Denk, 2004).  Other proteins with similar DC-traces include scramblase and hemagglutinin, which have both been linked to aggregation (Stout, 1998; Bentz, 2003; Epand, 2001).  These proteins do not show significant sequence similarity to prion protein, nor do they possess any apparent repeat units.  For other proteins with similar DC-traces, no links to aggregation were found in the literature. 

Pattern matching using heavy-chain neurofilament protein as the target also resulted in hits for other neurofilament proteins, followed by a diverse set of protein matches.  The maximum similarity score was 44, and nine related neurofilament proteins scored 29.4 (5.4 S.D. above Swiss-Prot mean).  The average score for a protein in Swiss-Prot was 5.1 with a S.D. of +/-5.9.  The non-neurofilament proteins that strongly matched the neurofilament DC-trace were predominantly involved in nucleic acid binding, especially transcription regulation.  This supports previous analysis indicating that these proteins have unstructured domains that fold upon binding to nucleic acid substrates (Dyson, 2002).  Other matches to neurofilament were for other structural proteins, such as human type I collagen, which showed a comparable two-domain DC-trace.  The more ordered domain of the collagen DC-trace corresponds to the fibronectin domains while the more disordered domain consists of the G-X-Y repeats.  The presence of a disordered region supports previous work indicating that collagen monomers are thermally unstable (Leikma, 2002). 


These findings show that pattern searching in DC-space readily identifies close homologues of the target proteins.  Beyond those molecules there are a number of proteins that score well beyond 4 S.D.s above the Swiss-Prot mean, but do not otherwise have obvious sequence similarity to the target.  In these cases many of the proteins have physical chemical properties one can rationalize in terms of their relationship to the targets.  While the significance of these relationships remains to be established, these initial searches suggest that DC-space may provide a novel approach to identifying previously unappreciated relationships between proteins. 

Materials and Methods

Disorder Scoring by Support Vector Machine Analysis
The mySVM implementation of support vector machine theory by Rüping (http://www-ai.cs.uni-dortmund.de/SOFTWARE/MYSVM/) was used.  The initial stage of mapping data sets into higher dimensional spaces was accomplished using a kernel function, K(si,x), where si is a support vector and x is the input sequence.  For our analysis we chose a dot kernel function where K(si,x) = si  · x.  This kernel function provides high accuracy while avoiding the long training and testing times associated with higher order kernel functions.  The results of the mapping process are represented as a set of vectors, xi, i=1,…,N, and a label vector yi, which equals 1 for one class and -1 for the alternate class.  The optimally separating hyperplane (OSH) is represented by wTxi + b =0 where w is the set of vector weights and b is the bias.  The vector weight w represents the relative importance of each contributing factor to classification.  For ideal data sets the OSH is found by minimizing 1/2wT w subject to the constraint yi(wTxi + b) ≥ 1.  For non-ideal data sets the individual vectors may not be linearly separable. Thus, parameters are introduced to allow for nonlinear separation while limiting training error.  For this case the OSH is found by minimizing 1/2wT w + C∑(I subject to the constraint that yi(wTxi + b) ≥ 1- (I where (i ≥ 0. (i are slack variables that represent the deviation from ideal separation; these values are minimized in the training process.  C is a regularization parameter that balances the trade-off between complexity and error.  For our analysis a range of values for C were tested (data not shown) and C was set at 0.07. The protein sequences used to train our  support vector machine were those compiled by Dunker and colleaugues (Romero, 1997).  The set consists of 718 segments classified as disordered and 1190 segments classified as structured.  The trained support vector machine is used to predict disorder in sequences of interest; the calculated disorder score ranges between -43 and 8.7. 

Computing Sequence Complexity

The Wootton complexity, K1, is given by K1=[1/L]*log[L!/(ni!], where L is the length of the sequence window and ni represents the number count of each amino acid (Wootton, 1993).   For a sequence window of 40, the complexity value can range from 0 to 1.05.

Protein Distributions in Disorder-Complexity Space

Distributions for individual protein sequences were determined by calculating complexity and disorder scores for each unique 40 amino acid peptide in the protein, where the 40-mers were produced by moving a 40 amino acid long window along the sequence at increments of one amino acid.  The distribution was then plotted as a trace connecting the calculated values in the N- to C-terminal direction.
Database Peptide Distributions in Disorder-Complexity Space

Distributions for protein databases were determined by first dividing each database protein into a set of unique 40-mers, as above.  The number of these 40 aa segments will approach the number of amino acids in the database.  This set was further refined by eliminating those segments that were duplicates of other segments.  The number of unique 40-mers remaining was 39.5 million for Swiss-Prot and 1.6 million for PDB.  The distributions were created by plotting all peptides in DC-space, partitioning this data into 200x200 bins and counting the number of peptides in each bin.
Distributions of randomly generated peptides were also analyzed in disorder-complexity space.  Two random sets were generated with an equal number of 40 amino acid peptides and the same compositional bias as Swiss-Prot and Protein Data Bank (PDB), respectively.

PDB Parsing

Amino acids in the PDB lacking structural coordinates were obtained by an automated alignment of the sequence record portion of the PDB file with the list of atomic coordinates.  Regions of the sequence that did not appear in the coordinates were considered missing.  This designation leads to three groups for the length of interest: peptides for which all amino acids have atomic coordinates, called PDBc, peptides for which no amino acids have atomic coordinates, called PDBm, and peptides containing both types of amino acids, which are not included in either group. Parsing of PDB files into secondary structural elements was obtained using the program STRIDE, which assigns secondary structure based on atomic coordinates (Frishman, 1995).  Secondary structural elements were then grouped by category (helix, sheet, turn and other) and length.  The “other” category refers to peptides with atomic coordinates that could not be classified as helix, sheet, or turn.

Pattern Matching

Pattern matches between protein sequence traces were quantified by dividing disorder-complexity space into a 30 by 30 rectangular grid bounded by the theoretically available limits.  Individual proteins were mapped onto this grid, and any grid element that contained any part of a protein was counted as occupied.  We refer to this distribution of occupancies as a grid occupancy map.  To perform a pattern search a grid occupancy map for a target protein was first constructed.  This target was then compared to grid occupancy maps of all proteins in Swiss-Prot.  Grid elements occupied by both the target and a database protein were then assigned a +1 score, while elements occupied by the database protein but not the target were assigned a   -1 score.  These scores were summed to give a number value for the strength of the pattern match.  
Databases Used


Protein sequences and PDB files used in this analysis were obtained from the Swiss-Prot and PDB websites, respectively (Boeckmann, 2003; Berman, 2000).  Swiss-Prot Release 41 (138,296 sequences) and PDB Release 107 (50,839 sequences) were used.  1,630 sequences containing amino acid ambiguity codes (B, X and Z) were removed from the Swiss-Prot dataset.  Additionally, the sequence taken from PDB file 1GKU was removed, as the sequence listed a polyalanine N-terminal region that was used to build the crystal structure and does not represent the actual protein sequence (Rodriguez, 2002). 

Fig. 1.  DC-space distributions for database proteins. (a) Data for the Swiss-Prot Database.  The DC-space is divided into 200x200 bins, and the number of peptides per bin is color-coded on a log scale.  Black lines represent theoretical bounds for sequences in disorder-complexity space.  The theoretical boundary for the DC-space available was calculated by first generating sample amino acid distributions with a particular complexity value.  These distributions were then altered by maximizing the number of disorder-promoting amino acids possible for that complexity value23.  This approach yielded the rightmost bounds for the disorder score at that particular complexity value.  The leftmost disorder bounds were obtained in similar fashion by maximizing the order-promoting amino acids for that distribution.  This procedure was repeated over a range of complexities to obtain the full boundary.  At lower complexities (K1 < 0.2), significant portions of DC-space are theoretically unattainable due to the small number of possible sequence arrangements.  The unattainable regions denoted by the curves near the disorder axis were identified by generating all possible amino acid combinations for this low complexity region. (b) The distribution for a random set of peptides with sample size and amino acid composition similar to Swiss-Prot.  (c) The distribution resulting from the subtraction of the random peptide distribution from that for Swiss-Prot.  Regions of the distribution representing depletion, i.e. more random peptides than Swiss-Prot peptides at a position, are represented with (+).  The corresponding data disorder complexity graphs for (d) the PDB, (e) a random peptide dataset with similar size and composition as the PDB, and (f) the subtraction of the random distribution from the PDB distribution.
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Fig. 2.  DC-space distributions for the Protein Data Bank.  Distributions are for (a) PDB segments with atomic coordinates (PDBc) and (b) PDB segments lacking coordinates (PDBm).  The line in (a) represents the bounds below which peptides from crystallized proteins do not appear.
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Fig 3.  Comparisons of the DC-space distributions of the PDBc (black line) and Swiss-Prot (grey line) for different peptide lengths.  Lengths shown are (a) 15, (b) 20, (c) 30, and (d) 40 amino acids.  The occupancies of the distributions were calculated using a 200x200 grid to divide DC-space into 40,000 partitions. The lines show the outer bounds of the occupied DC-space.  Some parts of DC-space within these bounds are unoccupied, but these points are rare and the bounds present a useful representation of the respective distributions. (e) The number of partitions of the grid occupied by Swiss-Prot and PDBc database distributions were counted, and the occupancy ratio was obtained by dividing the occupancy for PDB by the area for Swiss-Prot.  (f) The ratio divided by window length at each point.  
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Fig 4. DC-space distributions for PDB segments with different secondary structural configurations. Secondary structures shown are (a) helix, (b) sheet, (c) turn, and (d) other.  Complexity and disordered calculations were made over a 20 amino acid window to provide adequate sample size. 
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Fig 5.  Individual protein traces in DC-space.  Each DC-trace represents the set of disorder and complexity values obtained when moving a 40 amino acid window along the sequence.  The N-terminal to C-terminal direction is indicated by a red to violet coloration along the trace.  The proteins shown were selected to illustrate the diversity of distributions seen.
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Fig 6.  DC-space distributions for proteins classified by functional group. Functional group classification was obtained from the Gene Ontology Database (Harris, 2004). 
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Figure 7.  DC-space distribution for randomly generated functional group-based peptides.  To control for effects due to the varying number of sequences and compositional variations in the different datasets, random peptide datasets for each class with an equal number of peptides and a similar compositional bias were created. 
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Fig 8.  DC-space pattern matches for (a) the bovine prion protein and (b) the human heavy chain neurofilament protein.  The GO-map of the target protein is tested against GO-maps of all proteins in Swiss-Prot; the strength of matches is based the amount of overlap between the test protein (grey shading) and the target protein (black line).  The tables show samples of the highest scoring matches for each target sequence, omitting immediate homologues (i.e. other prions or neurofilament proteins).  The average similarity score between prions and all other proteins in Swiss-Prot is 3.7+/-4.8; for neurofilament (heavy chain) proteins the average score for a protein in Swiss-Prot is 5.1+/-5.
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Table 1. Summary of the disorder weights for the standard amino acids (Weathers, 2004).  

	Amino Acid
	Disorder Weight
	Homopolymer  Disorder Score

	Tryptophan (W)
	-0.43
	-43

	Tyrosine (Y)
	-0.26
	-26

	Phenylalanine (F)
	-0.22
	-22

	Isoleucine (I)
	-0.21
	-21

	Cysteine (C)
	-0.2
	-20

	Leucine (L)
	-0.09
	-9

	Valine (V)
	-0.089
	-8.9

	Histidine (H)
	-0.074
	-7.4

	Alanine (A)
	-0.0016
	-0.16

	Threonine (T)
	0.0053
	0.53

	Methionine (M)
	0.029
	2.9

	Glutamine (Q)
	0.044
	4.4

	Aspartic Acid (D)
	0.055
	5.5

	Arginine (R)
	0.058
	5.8

	Glycine (G)
	0.062
	6.2

	Proline (P)
	0.075
	7.5

	Serine (S)
	0.079
	7.9

	Asparagine (N)
	0.081
	8.1

	Glutamic Acid (E)
	0.082
	8.2

	Lysine (K)
	0.087
	8.7
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CHAPTER 4

HYDRODYNAMIC CHARACTERIZATION OF MICROTUBULE-ASSOCIATED PROTEIN


To complement the preceding computational analysis, I have also conducted experiments to investigate the properties of intrinsically disordered proteins.  Here I describe the cloning, expression, and characterization of the projection domain from the high molecular weight microtubule-associated protein 2b (MAP2b).  MAP2b is a ~200 kD protein expressed predominantly in neurons, with highest concentrations seen in dendrites (Huber, 1984; Hyams, 1994).  The protein consists of a C-terminal tubulin binding domain and a N-terminal projection domain, which extends outward from the microtubule surface (Figure 1) (Voter, 1982).  The projection domain has a high content of hydrophilic amino acids and a large net negative charge (Lewis, 1988).  This domain also contains a number of phosphorylation sites and is highly phosphorylated in vivo (Hernandez, 1987; Tsuyama, 1987).  Structural studies indicate that the projection domain exists in an extended conformation with little or no secondary structure (Voter, 1982; Hernandez, 1986). 

MAPs are thought to function as spacing molecules in neurons (Chen, 1992).  This spacing function was originally proposed to be due to cross-linking of the projection domains with projection domains from adjacent microtubules or other intermediate filaments (Hirokawa, 1982; Bloom, 1983; Hirokawa, 1988).  Intramolecular repulsion due to the high negative charge favors an extended form of the projection domain; cross-linking of these extended molecules can thus determine microtubule spacing (Hyams, 1994).  Changes in spacing could be mediated by increasing the negative charge of the projection domain via phosphorylation (Friedrich, 1991).  

In contrast to the cross-linking model, another proposed explanation for the functional behavior of MAPs is that the projection domain is intrinsically disordered.  In this proposal, a disordered domain undergoes rapid thermal motion, sampling the ensemble of possible conformations and moving through the space available to it.  Confinement of the protein or restriction of the space through which it moves reduces the number of available states and is therefore entropically unfavorable.  The entropic cost of confinement gives rise to a repulsive force, which can exclude large molecules and maintain spacing between molecules or surfaces.  Unstructured regions in proteins exhibiting this spring-like repulsive force have been termed “entropic bristles”; a large number of adjacent bristles comprise what is referred to as an  “entropic brush” (Hoh, 1998). The entropic brush model was first applied to explain the behavior of neurofilaments, which are intermediate filament proteins important for determining axonal diameter.  Examination of these proteins by atomic force microscopy indicated the presence of “exclusion zones”, regions around the filament that are depleted of large contaminants (Brown, 1997).  The neurofilaments were also shown to possess a long-range (>50 nm) repulsive force; these results are consistent with the entropic brush model.  This presence of this repulsive force has been used to explain the maintenance of interfilament spacing in the axon (Brown, 1997; Kumar, 2002).  Experimental evidence has also shown that the repulsive force can be modulated by changes in phosphorylation content, where dephosphorylation reduces the repulsive force by diminishing intramolecular charge repulsion (Kumar, 2004).   

Recent work has applied the entropic brush model to an explanation of spacing between microtubules (Mukhopadhyay, 2001).  It has been suggested that MAPs bound to the microtubule surface act as an entropic brush, maintaining microtubule spacing by a long-range repulsive interaction (Figure 2).  The entropic brush model is consistent with the evidence for the alternative, cross-linking model, and the repulsive force of microtubule-associated proteins has been directly measured using atomic force microscopy (Mukhopadhyay, 2001).  Here I describe studies to test the entropic brush hypothesis for MAPs.  I clone and express a portion of the projection domain of MAP2b and examine the hydrodynamic properties using analytical ultracentrifugation.  Proteins that comprise an entropic brush are expected to have larger hydrodynamic radii relative to a globular protein of similar molecular weight (Hoh, 1998).  Further, the intramolecular repulsion that gives rise to this large radius is driven by charges along the protein; charge screening by increases in ionic strength or titration of the charged groups by decreases in the pH are expected to result in a decrease in hydrodynamic radius.  Finally, increased phosphorylation of MAPs has been suggested to increase electrostatic repulsion and result in an increased repulsive force; I examine whether changes in phosphorylation content translate into changes in hydrodynamic radius.
Results and Discussion

Cloning and Expression of MAP2 Projection Domain


The cloning procedure for MAP2b involved the use of multiple vectors (Figure 3).  First a 3.4 kb portion of the mouse MAP2b gene, from base pairs 1108 to 4492, encoding for the projection domain was excised from a MAP2b-pSV clone using EcoRV and XhoI restriction enzymes and spliced into the multiple cloning site of a pBluescript vector to facilitate further excisions.  A portion of the projection domain-encoding region was then excised from pBluescript and cloned into separate pMAL2c vectors, which codes for a maltose-binding protein (MBP) tag attached N-terminal to the projection domain.  Two different lengths of the gene for the projection domain encoding region were cloned into separate pMALc vectors: a 2.7 kb region (base pairs 1107-3814; amino acids 370-1270) cut with EcoRV and EcoRI, and a 1.8 kb region (base pairs 1107-2691; amino acids 370-897) cut with EcoRV and MseI.  The smaller 1.8 kb region was cloned to increase the stability of the vector after initial results suggested that the 2.7 kb region was unstable.  The hydrodynamic studies discussed below were conducted with protein from the 1.8 kb region.  The fusion protein was expressed in E. coli and batch-purified using amylose resin to bind the MBP tag.  Purified samples typically contained two major constituents, as indicated by gel electrophoresis (Figure 4).  These components run close to the calculated molecular weights for MBP alone (42 kD) and the MBP-MAP2b fusion protein (107 kD).  The smaller, MBP-like component (MBP+) may be the remnant of fusion proteins degraded in the cell and may contain a portion of the projection domain. 

Characterization of MBP-MAP2b Using Analytical Ultracentrifugation


Analytical ultracentrifugation can be used to explore the sedimentation behavior of proteins and gain insight into their hydrodynamic properties (Laue, 1999).  First, sedimentation equilibrium studies were conducted to determine the molecular weight of the two protein components.  The mass is determined by fitting the concentration versus radius data to the equation:
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where M is the protein molecular mass, R is the gas constant, T is temperature in Kelvin, EQ 
 \x \to(()
 is the partial specific volume of the protein, ( is the angular rotor velocity, ( is solvent density, c is concentration, and r is the radial distance from the rotational axis.  For MBP+, a molecular weight of 49 +/- 4 kD was obtained, close to the value predicted from sequence.  For MBP-MAP2b, the best fit for an ideal, single species yielded a molecular weight of 225 +/- 42 kD, approximately double the predicted value.  One possibility is that the protein may be forming dimers in solution, although attempts to fit the equilibrium data to models for self-association were unsuccessful.  Some evidence exists for formation of MBP dimers; however, if association were occurring between MBP domains it is expected that there would be distinct populations of homodimers and heterodimers of MBP+ and MBP-MAP2b (Richarme, 1983).  Another possibility is that the projection domains of the MBP-MAP2b are interacting in solution, although is unlikely at the high salt concentrations (100 mM NaCl).  

Sedimentation velocity studies were also carried out to characterize the hydrodynamic properties of the fusion protein.  Sedimentation coefficients were determined for both MBP+ and MBP-MAP2b over a range of ionic strength and pH values.  The sedimentation coefficient S, is a measure of the hydrodynamic shape of a molecule and is given by the equation:
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where M is molecular weight, EQ 
 \x \to(()
 is partial specific volume, ( is the solvent density, N is Avogadro’s number, and f is the frictional coefficient.  This frictional coefficient is related to the hydrodynamic dimensions of the molecule by the equation:
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where (0 is solvent viscosity and RS is Stokes radius, which is the radius of a sphere that is hydrodynamically equivalent to the protein.  Combining these equations yields:
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Over the solvent conditions used in this analysis, density and viscosity changes were negligible; thus, changes in sedimentation coefficient reflect changes in the Stokes radius of the protein and, by extension, the size of the protein.  The sedimentation coefficient for the MBP+ was not significantly affected by changes in pH and ionic strength, indicating that the molecule retains similar hydrodynamic properties in the various solvent conditions (Figure 5).  The S values obtained agree with prior results from the literature (Yang, 1996; Sachdev, 1999).  The sedimentation coefficient for MBP-MAP2b rose with increasing salt concentration, which suggests that the fusion protein is collapsing as salt is added.  This result is consistent with models for polyelectrolytes, where counterions reduce intramolecular repulsion by screening the charges along the polymer chain  (Biesheuval, 2004; Biesalski, 2004).  In addition, the results provide evidence that MBP-MAP2b collapses in size at lower pH values.  As pH decreases, the negative charges along the protein are titrated, reducing the amount of intramolecular repulsion.  Interestingly, the effects of increasing ionic strength are similar for all pH values; it is expected that increasing salt concentration would have less effect as more charges on the protein become titrated (Guo, 2001).  However, some salt effects will be present until the pH decreases to 4.7, the pI of the fusion protein.  


The sedimentation coefficient of MBP-MAP2p was also examined at different phosphorylation levels.  The fusion protein was treated with calf intestinal phosphatase (CIP) to remove any phosphate groups.  The dephosphorylated protein had a sedimentation coefficient of 10S, which was larger than the 8S value obtained for the CIP-free control sample.  This result confirms that MBP-MAP2b is phosphorylated during expression in E. coli, and indicates that removal of these phosphates reduces the size of the protein (Dadssi, 1990).  The level of phosphorylation was also increased using both casein kinase II and protein kinase A (Figure 6).  Kinase treatment of MBP-MAP2b resulted in a sedimentation coefficient of 9S, which, when compared to 10S obtained for the kinase-free control under similar buffer conditions, suggests that the protein has increased in size.  As phosphate groups are negatively charged, changes in phosphorylation level can modulate the net charge along the protein, leading to changes in the strength of intramolecular electrostatic repulsive forces.  This finding for the fusion protein supports a proposed model in which microtubule spacing is regulated by altering the phosphorylation levels of attached MAPs (Mukhopadhyay, 2004).


Sedimentation velocity results can also be used to gain some understanding of the shape of the molecule at different conditions.  The deviation of molecular shape from sphericity is one measure of how extended a protein is in solution.  This deviation is typically presented as the frictional ratio, f/f0, where f0 is the frictional coefficient for a sphere of the same volume as the hydrated protein and is given by:
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where R0 is the radius of the sphere. R0 can be determined by the equation:
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where  EQ \x \to((2)   is the partial specific volume of the protein, (1 is the hydration coefficient, (1 is the specific volume of pure water, M is the protein molecular weight, and N is Avogadro’s number.  The hydration coefficient is typically estimated at 0.4 g water per g protein (Teller, 1976).  It should be noted that this estimate is for globular proteins and disordered proteins are expected to have higher hydration coefficients.  However, the potential error from underestimation is relatively small; doubling the hydration coefficient results in a 10% increase in R0.  Analysis of the salt series sedimentation data shows that the MBP+ is slightly non-spherical in nature at all salt concentrations (Table 1).  This result is consistent with crystal structures that show MBP is ellipsoidal with overall dimensions of 30 x 40 x 65 A (Spurlino, 1991).  The frictional ratio for MBP-MAP2b at 1 mM NaCl indicates significant non-sphericity, but the protein appears to be more spherical as ionic strength is increased; the decreasing frictional ratio reflects the structural collapse expected for a polyelectrolyte at high salt concentrations (Sumi, 2005).


Taken together, the observed changes in hydrodynamic properties are consistent with the entropic brush hypothesis for MAPs.  I show that MAP2b has a larger hydrodynamic radius than expected for a globular protein of similar mass.  Further, I show that this hydrodynamic radius decreases with increased ionic strength or decreased pH, which is expected for an entropic brush.  I also show that the radius of the protein can be mediated by increasing or decreasing phosphorylation content; this behavior is consistent with a proposed mechanism by which spacing between microtubules can be controlled.

Materials and Methods

Cloning and expression of MBP-MAP2b fusion protein


The 3.4 kb region of the projection domain was excised from a MAP2-pSV vector using EcoRV and XhoI restriction enzymes and cloned into a pBluescript vector cut using the same enzymes and grown in DH5( cells.  A 1.8 kb fragment of the MAP2b domain was cloned into a pMALc vector using EcoRV and MseI restriction sites.  The pMAL vector was carried in TB1 cells.


TB1 cells were grown in 4L of culture media until the optical density at 600nm reached 0.6, which took approximately 3 hours at 370 C.  At this stage, expression was induced with IPTG for 1 hour.  Cells were spun down and resuspended in column buffer (1M Trizma-HCl, 200mM NaCl, ph 7.4).  The resuspended cells were frozen, thawed, and soniccated to break up cellular components.  Lysed cells were spun down and the supernatant was incubated for 2 hours with washed amylose resin.  The resin was put through 4 cycles of washing and centrifugation to remove unbound proteins.  The loaded resin was then placed in a disposable column and MBP-MAP2b was eluted using column buffer with 10 mM maltose to compete the protein off the amylose.  Elution fractions were evaluated with Bradford’s reagent to determine the location of proteins.  Typical yields were 2-3 mls of 0.5-1 mg/ml of protein.  Fractions containing protein were pooled and dialyzed overnight at 40 C in a 1mM PIPES, pH 7.2 solution.  

Analytical ultracentrifugation of MBP-MAP2b


Analytical ultracentrifugation experiments were conducted using a Beckman XL-I centrifuge.  For sedimentation equilibrium, analysis was conducted using the absorbance optics system at 280 nm.  Experiments were conducted in six-sector centrifuge cells, with three cells of reference buffer (1mM PIPES, 100 mM NaCl, pH 7.2) and three cells containing MBP-MAP2b at concentrations of 0.07, 0.35, and 0.7 mg/ml, respectively.  Equilibrium data were collected at 200 C and at speeds of 9,000, 12,000, 14,000, and 20,000 rpms using an An60Ti rotor; each speed was run for 28 hours, with scans taken at the 20, 24, and 28 hour marks.  Data analysis was conducted using the Origin 6.0 commercial software package.

For sedimentation velocity, the interference optical system was used for data collection. Two-sector cells were used, containing the appropriate reference buffer and the protein sample at a concentration of 0.7 mg/ml.  Data were collected at 200 C and at a speed of 50,000 rpms for 2.5 hours; scans were taken at approximately 8-second intervals.  Data analysis was done using the DCDT+ software package (Philo, 2000).  Partial specific volume were estimated from amino acid content and changes in solvent density at different solvent conditions were determined using a density increment method (McRorie, 1993).  

Figure 1. Domain structure of MAP2b full-length protein.  Total protein length is 1828 residues.  The gray box represents the projection domain from residues 376-1510.  The open boxes represent the tubulin-binding motifs from residues 1661-1755.  Domain structure taken from Pfam database (Bateman, 2004).



Figure 2. Cross-sectional view of entropic brush model for MAPs. Lines in black represent MAP projection domains extending outward from the microtubule.  The gray region represents the excluded volume due to the repulsive force of the entropic brush, which regulates the spacing between microtubules.  



Figure 3.  Schematic for cloning of MBP-MAP2b.


Figure 4. Purified protein fractions of MBP-MAP2b.  Lanes 1 to 5  represents purified proteins from a cycle of expression and purification.  The eluted protein fractions shown here were run on a 7.5% Tris-HCl gel.  Numbers on the left represent the molecular weight in kD of the component proteins in the ladder of standards.
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Figure 5. Sedimentation coefficients for MBP+ and MBP-MAP2b protein as a function of salt concentration and pH.


[image: image19.wmf]
Figure 6.  Results of phosphorylation of MBP-MAP2b with a combination of casein kinase II and protein kinase A.  Lanes 1, 3, and 5 contain the expressed protein as a control. Lanes 2 and 4 contain the protein after phosphorylation with both kinases.  Protein samples were run on a 10% Tris-HCl gel.  Number of left represent the molecular weight in kD of the proteins in the ladder of standards.
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Table 1. Frictional ratio as calculated from sedimentation coefficients for MBP+ and MBP-MAP2b.  Solvent densities used to calculate the frictional coefficient f were 0.9983 g/ml for 1 mM NaCl, 0.9987 for 10 mM NaCl, and 1.002 for 100 mM NaCl.  

	Protein
	Salt
	RH/RM
	RH (A)
	RM (A)

	MBP+
	1 mM NaCl
	1.21
	34.0
	28.1

	
	10 mM NaCl
	1.12
	31.6
	28.1

	
	100 mM NaCl
	1.18
	33.0
	28.1

	MBP-MAP2b
	1 mM NaCl
	1.45
	67.4
	46.5

	
	10 mM NaCl
	1.16
	53.8
	46.5

	
	100 mM NaCl
	1.04
	48.2
	46.5
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CHAPTER 5

CONCLUSIONS AND FUTURE DIRECTIONS


In this dissertation I investigated the properties of intrinsically disordered proteins using computational and experimental methods.  I developed a support vector machine (SVM) approach that accurately recognizes disordered proteins from amino acid sequence.  I showed that compositional information alone is sufficient to allow for high (87%) recognition accuracy; incorporation of higher-order parameters had little or no effect on accuracy.  The SVM approach was used in conjunction with reduced amino acid alphabets to examine the contributions of various factors towards disorder.  Recognition accuracies using these reduced alphabets remained high even for alphabet sizes as small as 4.  This result suggests that general physicochemical properties, rather than specific amino acid types, are important factors determining disorder in proteins.  I further examined the relationship of the level of disorder to another metric, sequence complexity, to understand the interplay of these factors in the sequences of ordered and disordered proteins.  Distributions of naturally occurring 40-amino acid peptides in this disorder-complexity space (DC-space) show that naturally occurring peptides tend to be high-complexity and low-disorder.  While an appreciable number of peptides are low-complexity and high-disorder, there are no low-complexity, ordered peptides.  This result suggests the presence of a bias against peptides in low-complexity, low-order space; one possibility is that these peptides may be more aggregation-prone.  Further, the distribution of peptides with structural coordinates taken from the Protein Data Bank (PDB) was much narrower than that for the larger set of naturally occurring proteins.  This finding indicates that peptides falling outside of the bounds of the PDB distribution are less likely to be crystallizable using current methods.  Distributions were also examined for a variety of functional classes; clear differences can be seen between classes, which can in some cases be rationalized in terms of function.  These differences indicate that the compositional information reflected in the disorder score and sequence complexity also reflects general chemical properties that are associated with a particular function.  Further, distributions for individual proteins were created by plotting disorder score and sequence complexity using a sliding 40 amino acid window and connecting the plotted points from the N- to C-terminus.  An examination of several thousand of these individual disorder-complexity traces (DC-traces) reveals a remarkable diversity of shapes.  In several cases, trace shapes can be connected to general structural or functional properties.  A pattern-matching algorithm was developed to identify similar DC-traces.  I show that this approach can be used to find structural or functional similarities between otherwise dissimilar proteins, such as prions and cytokeratins.  Pattern-matching with DC-traces can thus complement traditional similarity searches, which typically use sequence alignments.  The computational approach was supplemented by experimental work on a specific disordered domain, the projection domain of microtubule-associated protein (MAP2b).  The disordered projection domain was cloned and expressed, and the purified protein was examined using analytical ultracentrifugation.  These experiments indicate that the MAP2b projection domain collapses in size with increasing salt concentration and decreasing pH.  These results are consistent with the entropic brush model for disordered proteins, in which charged groups along the protein give rise to an extended conformation through intramolecular repulsion; screening or titration of these charges reduces the repulsive forces, leading to chain collapse (Hoh, 1998).  I also show that the hydrodynamic properties of the projection domain are dependent on the phosphorylation state of the protein.  This result also agrees with the entropic brush model and supports a potential method by which structural properties of disordered proteins may be regulated in the cell. 

The work discussed herein can be extended in a variety of directions.  Regarding the SVM approach, several potential refinements could be investigated.  While reduced amino acid alphabets have been shown to be sufficient to recognized sequences of disordered proteins, it would be of interest to determine whether this result holds for different types of proteins.  From a functional perspective, it is possible that disordered proteins with primarily structural roles, such as linkers or entropic springs, have lower requirements for specific amino acids than for disordered proteins involved in molecular recognition, which may require particular amino acids at binding interfaces.  This hypothesis could be tested by examining the recognition accuracy of reduced sets for various functional classes of disordered protein.  It is also important to evaluate how recognition accuracy changes for different lengths of disordered regions.  The support vector machine algorithm was trained on and used to recognize long (>40 aa) disordered segments; it is not known how accurate this approach is at shorter lengths, although it is expected that accuracy decreases with sequence length (Dunker, 2001).  The length dependence of the PDB and Swiss-Prot DC-space distributions indicates that sufficient information is present at lengths of 7-12 amino acids to distinguish between crystallizable and non-crystallizable peptides.  Accurate identification of short, disordered regions will be important for the identification of such regions in proteins containing both ordered and disordered segments. 


Another property that requires further analysis is sequence order.  The current implementation of the recognition algorithm utilizes only compositional information from the sequence.  Thus, the algorithm would predict the same level of disorder for a variety of sequences sharing the same overall composition but with different sequence arrangements; a protein consisting of a hydrophobic region followed by a hydrophilic region scores the same as a protein with alternating hydrophobic and hydrophilic residues.  As the arrangement of amino acids in a particular sequence clearly has some relevance to the amount of order or disorder in the protein, the incorporation of position-specific information into the analysis should be investigated.  One method for examining the effects of sequence order is to use blocks of several amino acids as the basis for the vector sets in the prediction; I have shown that pentamer blocks based on 2 amino acid types allow for accurate recognition of disorder while incorporating information on local sequence arrangements.  Similar approaches could help indicate which sequence arrangements are preferred or disfavored in disordered proteins (Lise, 2005; Schwartz, 2006). 


These potential refinements to the SVM should help to increase the recognition accuracy above the 87% mark obtained using only compositional information.  It should be noted that an upper limit might exist for recognition, below the theoretical limit of 100% accuracy.  This limit may be imposed by classification errors in the training sets or by inherent difficulties in using sequence information to predict long-range interactions in three dimensions.


Several possible lines of investigation have also been raised by the analysis of proteins in DC-space.  The distributions of individual proteins and protein databases in this space resulted in several interesting findings; different combinations of properties other than disorder and complexity may also yield insights into protein structure and function.  For example, the link between disordered proteins and aggregation propensity could be examined by analyzing naturally occurring proteins in disorder-aggregation space.  The distribution of proteins in this space could help evaluate the implied role of disordered proteins in aggregate formation (Shastry, 2003; Linding, 2005).  An initial analysis of the correlation between one set of aggregation propensities and the SVM disorder score was carried out for the PDB and Swiss-Prot (Figure 1) (de Groot, 2005).  

The distribution indicates a strong anti-correlation between the aggregation propensity and the disorder score for naturally occurring sequences.  This result shows that disordered, aggregation-promoting peptides are extremely rare in nature; however, this result is preliminary, as the theoretical boundaries in disorder-aggregation space have not been determined.

A variety of other sequence attributes have been associated with disorder; examining the relationship between the SVM disorder score and these properties could also be informative (Xie, 1998).  One consideration in choosing attributes to compare against the disorder score is the type of information contained in that attribute.  These types can be grouped into two general classes: sequence order-dependent attributes which, reflect the presence of particular sequence arrangements, such as phosphorylation sites, or sequence order-independent attributes, which only reflect overall compositional information.  Order-independent attributes can be amino acid-specific, such as the disorder score, where each amino acid is given a particular weight.  Alternately, these attributes can be independent of the different compositions of specific amino acids.  Sequence complexity, for example, reflects only the distribution of the numerical states possible for a given composition and is amino-acid independent. It should be noted that, while the equation for complexity is independent of sequence order, the complexity value effectively represents the number of unique ways in which a given sequence could be rearranged (Wootton, 1993).  Complexity thus contains both order-dependent and order-independent information; this unique property may be particularly suited to the analysis of sequence distributions in attribute space. An awareness of the types of information contained in this and other sequence attributes could help guide the choice of more informative attribute pairings.


While the most promising future directions may be with new combinations of sequence attributes, further investigation of DC-space may prove valuable.  In previous analysis, I showed that distributions of individual proteins and protein databases reflect general structural and functional properties.  This relationship between a protein’s distribution and its properties may be useful for evaluating the function of uncharacterized proteins or identifying proteins with novel properties.  An analysis of the trEMBL database, a supplement to Swiss-Prot containing protein sequences for which little or no information is available, shows that its distribution extends further into the low-complexity, ordered region of DC-space than was observed for PDB or Swiss-Prot (Figure 2) (Boeckmann, 2003).  Thus, the peptides from trEMBL that occupy this region of DC-space appear to have properties not shared by the current set of annotated proteins; investigation of these proteins could lead to the identification of novel structures or functions.


Further work on the theoretical boundaries of DC-space is also important for a better understanding of the distribution of naturally occurring proteins.  Previously, I described the boundaries in terms of the extent of DC-space that could be occupied by a protein sequence.  This treatment overlooked spatial differences within the theoretical boundaries.  At the zero-complexity limits of the theoretical boundary (i.e. homopolymers), only one peptide sequence is possible for that position in space; however, the number of possible sequences at each position increases dramatically as complexity increases.  Knowledge of the distribution of all possible 40-aa peptides (approximately 1052) in DC-space would help to evaluate the significance of protein distributions, as well as to estimate the number of possible sequences in the regions of space depleted of naturally occurring proteins. To date, I have partially calculated this distribution; the preliminary results show that the ordered, low-complexity depleted regions contain a significant number of possible peptides, with regions above a complexity containing at least 1010 unique peptides (Figure 3).  A complete distribution is currently not practical due to the computational intensity of the calculations; a future goal is to create more efficient algorithms to fill in the missing theoretical space.


On the experimental side of the project, several short-term experiments can be undertaken.  The response of the MBP-MAP2b construct to urea could be determined using analytical ultracentrifugation.  Well-folded proteins undergo cooperative unfolding in urea with a correspondingly abrupt increase in hydrodynamic radius; disordered proteins are expected to undergo a less dramatic shift in hydrodynamic properties (Cortese, 2005).  While urea will destabilize the folded MBP region of the construct, overall changes in hydrodynamic dimensions should be small compared to urea treatment of a folded protein of the same molecular weight (Csizmok, 2005).  

Further, improved methods of protein expression could be investigated.  One of the limitations of our construct is that the MBP tag cannot be cleaved due to the high proteolytic susceptibility of the MAP protein.  The presence of a relatively large (~42 kD) ordered domain in the fusion protein complicates the analysis of the hydrodynamic properties of the disordered region.  Smaller affinity tags, such as 6x-His tags, may be more suitable for hydrodynamic analysis.  Previous attempts to express the fusion protein with a 6x-His tag were unsuccessful, but this line of investigation should be further pursued.

A long-term goal of the study of intrinsically disordered proteins is the eventual use of these proteins in biomaterials applications.  Flexible polymers, such as polyethylene glycol (PEG), have been utilized in structural roles in biomedicine.  Many of these applications rely on the high dynamics of the polymer to prevent nonspecific interactions by excluding large molecules from the molecule or surface (Siegers, 2004).  This property can been used to increase the circulation times of drug-containing liposomes, which allows for improved delivery of the encapsulated molecules (Woodle, 1998).  Flexible polymers could also be used to coat the surface of implants to prevent protein adsorption and inflammation (Otsuka, 2000).  The replacement of these polymers with disordered proteins would maintain anti-fouling properties while presenting several advantages.  Genetic techniques allow for extensive control of the composition, length, and chemical properties of proteins (Kopecek, 2001).  Protein-based biomaterials will also have the advantage of increased biocompatibility (van Hest, 2001; Laverman, 2001).  In addition, proteins may undergo property changes when exposed to chemical or physical stimuli; this behavior has enabled the development of responsive or “intelligent” protein-based biomaterials, such as hydrogels (Miyata, 1999; Hoffman, 2000; Peppas, 2002). Disordered proteins could present a novel class of responsive biomaterials; the hydrodynamic dimensions of these proteins can be controlled by a variety of stimuli, altering the overall properties of the polymer or gel.


The investigations described in this dissertation contribute to the potential design of disordered proteins in biomaterials.  The experimental characterization of the MBP-MAP construct indicates that the hydrodynamic properties of disordered proteins are responsive to salt concentration and phosphorylation, supporting their use in stimuli-responsive applications.  The SVM disorder recognition algorithm has helped elucidate the composition and chemical properties of long, disordered proteins.  These characteristics can serve as guidelines for the design of de novo sequences coding for disorder.  In addition, the analysis of protein distributions in DC-space is relevant for biomaterial design; areas depleted in the distribution of naturally occurring proteins may be pathological or aggregation-prone and thus sequences from this region should be avoided in de novo protein design.  A better understanding of sequence order effects and improved expression of disordered proteins will be necessary for the advancement of these proteins in biomaterials.  The results discussed in this dissertation do, however, provide a useful foundation for the application of intrinsically disordered proteins in biomedicine. 

Figure 1. Disorder-aggregation space distributions for (a) PDB and (b) Swiss-Prot.  Aggregation propensity is calculated using the scale determined by de Groot and colleagues (de Groot, 2005).  The range for aggregation is from approximately 180 to 

-180, where positive scores indicate an increased propensity to aggregate.  The top right quadrant represents proteins that would be both disordered aggregation-prone.
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Figure 2. DC-space distribution for the trEMBL database.
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Figure 3. Partial distribution of all possible 40mers in theoretical DC-space.
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		-10		-32.94		2

		7.25		-34.77		2

		-9.75		-34.77		2

		-9.25		-36.6		2

		-9.75		-36.6		2

		-10		-36.6		2

		-8.5		-38.43		2

		-8.75		-38.43		2

		-9.75		-38.43		2

		-10.25		-38.43		2

		-9.5		-42.09		2

		-10		-42.09		2

		7.5		-43.92		2

		-8.75		-43.92		2

		-9.25		-43.92		2

		7.25		-45.75		2

		-8.5		-45.75		2

		-9.25		-47.58		2

		7.25		-49.41		2

		-8.5		-49.41		2

		-9.25		-49.41		2

		-7.75		-53.07		2

		-8.75		-53.07		2

		-9.25		-53.07		2

		-7.25		-54.9		2

		-7.75		-54.9		2

		-7.25		-56.73		2

		-8.25		-56.73		2

		-7.25		-60.39		2

		-8.25		-60.39		2

		-9		-60.39		2

		-9.25		-60.39		2

		-8.75		-62.22		2

		-7		-64.05		2

		8		-67.71		2

		-6.5		-67.71		2

		-7		-67.71		2

		-7.25		-67.71		2

		-9.25		-71.37		2

		7.75		-73.2		2

		-6.5		-73.2		2

		-7		-73.2		2

		-10		-73.2		2

		-5.25		-75.03		2

		-6.75		-75.03		2

		-5.75		-76.86		2

		-6.75		-76.86		2

		-4.75		-80.52		2

		-6.75		-80.52		2

		-5.75		-82.35		2

		-6.5		-82.35		2

		-4.25		-84.18		2

		-5.25		-84.18		2

		-3.75		-86.01		2

		-6		-86.01		2

		-4		-87.84		2

		-4.5		-91.5		2

		-2.75		-93.33		2

		-3.25		-93.33		2

		-3.75		-93.33		2

		-4.75		-93.33		2

		7.75		-95.16		2

		-3.5		-98.82		2

		-2.25		-100.65		2

		-2		-102.48		2

		-2.5		-102.48		2

		-1.75		-104.31		2

		-2		-104.31		2

		-2.25		-104.31		2

		-5.75		-104.31		2

		-1.25		-106.14		2

		-1.5		-106.14		2

		-2		-106.14		2

		-2.25		-106.14		2

		-2.5		-106.14		2

		-2.25		-107.97		2

		-3		-107.97		2

		-1		-111.63		2

		-2		-111.63		2

		-2.25		-111.63		2

		-0.75		-113.46		2

		-1		-113.46		2

		-0.25		-115.29		2

		-0.75		-115.29		2

		-2.25		-115.29		2

		-2.5		-115.29		2

		-1.25		-117.12		2

		-1.75		-117.12		2

		-1.5		-118.95		2

		-2		-118.95		2

		-2.5		-118.95		2

		1		-120.78		2

		-2.25		-120.78		2

		1		-122.61		2

		-2		-122.61		2

		7.5		-124.44		2

		1.75		-124.44		2

		8.25		-126.27		2

		8		-126.27		2

		1		-126.27		2

		-0.5		-126.27		2

		1		-128.1		2

		0		-128.1		2

		-0.75		-128.1		2

		7.75		-129.93		2

		2.75		-129.93		2

		2		-129.93		2

		2.5		-133.59		2

		4.5		-135.42		2

		4		-135.42		2

		3.75		-135.42		2

		3.25		-137.25		2

		2.5		-137.25		2

		5		-139.08		2

		4		-139.08		2

		3.75		-139.08		2

		3.25		-139.08		2

		4.5		-140.91		2

		3.75		-140.91		2

		3.5		-140.91		2

		4.5		-142.74		2

		4.25		-142.74		2

		3.25		-142.74		2

		7.25		-144.57		2

		4.75		-144.57		2

		3.75		-144.57		2

		3.25		-144.57		2

		6.75		-146.4		2

		6.25		-146.4		2

		5.75		-146.4		2

		5.25		-146.4		2

		7.75		-148.23		2

		6.5		-148.23		2

		5		-150.06		2

		4.25		-150.06		2

		7.25		-151.89		2

		6.75		-151.89		2

		6.5		-151.89		2

		5		-151.89		2

		7.25		-153.72		2

		5.75		-153.72		2

		5.5		-153.72		2

		6.75		-157.38		2

		6		-157.38		2

		6.5		-159.21		2

		5.75		-161.04		2

		5.25		-161.04		2

		6.25		-164.7		2

		5.25		-166.53		2

		-17.25		111.63		1

		-17		109.8		1

		-16.25		107.97		1

		-16		104.31		1

		-16.25		104.31		1

		-16.5		104.31		1

		-17		104.31		1

		-16.75		102.48		1

		-11.5		100.65		1

		-16		100.65		1

		-16.5		100.65		1

		-10.75		98.82		1

		-16.5		98.82		1

		-16.75		98.82		1

		-10.75		96.99		1

		-11.25		96.99		1

		-15.75		96.99		1

		-16.5		96.99		1

		-10.75		95.16		1

		-14.5		95.16		1

		-15.5		95.16		1

		-16.75		95.16		1

		-17.75		95.16		1

		-10.5		93.33		1

		-15.25		93.33		1

		-10.75		91.5		1

		-11.5		91.5		1

		-12.75		91.5		1

		-13.25		91.5		1

		-14		91.5		1

		-14.25		91.5		1

		-15.5		91.5		1

		-16		91.5		1

		-16.75		91.5		1

		-11		89.67		1

		-11.25		89.67		1

		-12.25		89.67		1

		-12.75		89.67		1

		-13.5		89.67		1

		-15		89.67		1

		-16		89.67		1

		-17		89.67		1

		-11.25		87.84		1

		-11.75		87.84		1

		-13.75		87.84		1

		-14.25		87.84		1

		-15.25		87.84		1

		-15.75		87.84		1

		-16		87.84		1

		-17		87.84		1

		-17.5		87.84		1

		-8.5		86.01		1

		-9.75		86.01		1

		-10		86.01		1

		-10.5		86.01		1

		-10.75		86.01		1

		-11.5		86.01		1

		-12		86.01		1

		-13.5		86.01		1

		-14		86.01		1

		-14.75		86.01		1

		-15		86.01		1

		-15.75		86.01		1

		-16		86.01		1

		-17		86.01		1

		-8.5		84.18		1

		-11.25		84.18		1

		-12		84.18		1

		-13		84.18		1

		-13.5		84.18		1

		-14.75		84.18		1

		-15.25		84.18		1

		-16		84.18		1

		-16.25		84.18		1

		-16.75		84.18		1

		-17		84.18		1

		-12.25		82.35		1

		-13.5		82.35		1

		-14		82.35		1

		-14.25		82.35		1

		-14.5		82.35		1

		-15.5		82.35		1

		-15.75		82.35		1

		-16		82.35		1

		-16.5		82.35		1

		-10.75		80.52		1

		-13		80.52		1

		-13.75		80.52		1

		-14.25		80.52		1

		-14.75		80.52		1

		-16.25		80.52		1

		-18.75		80.52		1

		-8.75		78.69		1

		-9.25		78.69		1

		-9.75		78.69		1

		-13.75		78.69		1

		-15.25		78.69		1

		-16.25		78.69		1

		-16.5		78.69		1

		-16.75		78.69		1

		-18.25		78.69		1

		-7.75		76.86		1

		-11.5		76.86		1

		-14.75		76.86		1

		-16		76.86		1

		-16.5		76.86		1

		-18		76.86		1

		-7.5		75.03		1

		-14.5		75.03		1

		-15		75.03		1

		-16.25		75.03		1

		-17		75.03		1

		-18		75.03		1

		-7.75		73.2		1

		-14		73.2		1

		-14.25		73.2		1

		-14.75		73.2		1

		-16.25		73.2		1

		-18.5		73.2		1

		-7.75		71.37		1

		-15.25		71.37		1

		-15.5		71.37		1

		-14.75		69.54		1

		-15		69.54		1

		-15.5		69.54		1

		-7		67.71		1

		-13.5		67.71		1

		-15.75		67.71		1

		-16.5		67.71		1

		-15		65.88		1

		-15.5		65.88		1

		-16.75		65.88		1

		-6.5		64.05		1

		-15.5		64.05		1

		-15.75		64.05		1

		-5.75		62.22		1

		-14		62.22		1

		-14.75		62.22		1

		-15.5		62.22		1

		-15.75		62.22		1

		-16		62.22		1

		-14.25		60.39		1

		-14.75		60.39		1

		-15		60.39		1

		-4.5		58.56		1

		-4.75		58.56		1

		-5.25		56.73		1

		-5.5		56.73		1

		-16		56.73		1

		-16.5		56.73		1

		-3.75		54.9		1

		-4		54.9		1

		-4.5		54.9		1

		-5		54.9		1

		-15		54.9		1

		-15.25		54.9		1

		-3.25		53.07		1

		-3.75		53.07		1

		-4		53.07		1

		-4.5		53.07		1

		-15		53.07		1

		-15.5		53.07		1

		-14.5		51.24		1

		-14.75		51.24		1

		-2.5		49.41		1

		-3		49.41		1

		-3.25		49.41		1

		-3.5		49.41		1

		-2.75		47.58		1

		-3.25		47.58		1

		-14		47.58		1

		-14.75		47.58		1

		-15.75		47.58		1

		-1.5		45.75		1

		-2.5		45.75		1

		-14.25		45.75		1

		-2.75		43.92		1

		-14.75		43.92		1

		-15.25		43.92		1

		-1.5		42.09		1

		-1.75		42.09		1

		-2.25		42.09		1

		-1.5		40.26		1

		-2		40.26		1

		-2.5		40.26		1

		-14.5		40.26		1

		-2		38.43		1

		-2.25		38.43		1

		-14.25		38.43		1

		-14.75		38.43		1

		-15		38.43		1

		-15.5		38.43		1

		-1.25		36.6		1

		-1.75		36.6		1

		-15.5		36.6		1

		-0.5		34.77		1

		-0.75		34.77		1

		-1.25		34.77		1

		0		32.94		1

		-13.75		32.94		1

		-14.75		32.94		1

		0.75		31.11		1

		-0.25		31.11		1

		-14		31.11		1

		-14.25		31.11		1

		0		29.28		1

		-13.75		29.28		1

		-14.25		29.28		1

		-14.75		29.28		1

		0.75		27.45		1

		0.5		27.45		1

		-15		27.45		1

		-14		25.62		1

		1		23.79		1

		-13.75		23.79		1

		-14.5		23.79		1

		-14.75		23.79		1

		1.5		21.96		1

		-13		21.96		1

		-14		21.96		1

		-14.5		21.96		1

		1.25		20.13		1

		-13.5		20.13		1

		-13.75		20.13		1

		1.25		18.3		1

		-13.25		18.3		1

		-13.5		18.3		1

		-14		18.3		1

		-14.75		18.3		1

		1.75		16.47		1

		1.75		14.64		1

		-13		14.64		1

		-13.75		14.64		1

		3		12.81		1

		2.75		12.81		1

		-13.75		12.81		1

		3.25		10.98		1

		3		10.98		1

		2.5		10.98		1

		-13.25		10.98		1

		-14.25		10.98		1

		-13.75		9.15		1

		3.5		7.32		1

		-13.5		7.32		1

		4.75		3.66		1

		-13		3.66		1

		4.25		1.83		1

		3.75		1.83		1

		-12.75		1.83		1

		-13.25		1.83		1

		4.5		-2.84E-14		1

		-13		-1.83		1

		-13.75		-1.83		1

		-12.25		-3.66		1

		-12.75		-3.66		1

		5.25		-5.49		1

		-12.75		-5.49		1

		-13		-5.49		1

		-13.25		-5.49		1

		-12		-7.32		1

		-12.25		-7.32		1

		-12.5		-7.32		1

		-12.75		-7.32		1

		-13.25		-7.32		1

		5.5		-9.15		1

		-12.75		-9.15		1

		-13.25		-9.15		1

		-13.5		-9.15		1

		-12		-10.98		1

		-12.25		-10.98		1

		-13.5		-10.98		1

		-11.75		-14.64		1

		-12.25		-14.64		1

		-12.5		-14.64		1

		-12.75		-14.64		1

		6		-16.47		1

		-11		-16.47		1

		-11.75		-16.47		1

		-12.5		-16.47		1

		6		-18.3		1

		-12		-18.3		1

		-12.25		-18.3		1

		-11.25		-20.13		1

		-11.5		-21.96		1

		-12		-21.96		1

		-12.25		-21.96		1

		6.5		-23.79		1

		6.25		-23.79		1

		-10.75		-23.79		1

		-11		-23.79		1

		-11.25		-23.79		1

		-11.75		-23.79		1

		-12		-23.79		1

		-12.5		-23.79		1

		-11.25		-25.62		1

		-11.5		-25.62		1

		-10.75		-27.45		1

		7.25		-29.28		1

		7		-29.28		1

		-11.5		-29.28		1

		-11.75		-29.28		1

		7.25		-31.11		1

		-9.75		-31.11		1

		-10.5		-31.11		1

		-10.75		-31.11		1

		-11.5		-31.11		1

		-11.75		-31.11		1

		-9.75		-32.94		1

		-10.5		-32.94		1

		7.75		-34.77		1

		7		-34.77		1

		-9.5		-34.77		1

		-10.25		-34.77		1

		-10.5		-34.77		1

		-9.5		-36.6		1

		-10.75		-36.6		1

		-9		-38.43		1

		-9.25		-38.43		1

		-10		-38.43		1

		-11.25		-38.43		1

		-9		-40.26		1

		-9.25		-40.26		1

		-10.5		-40.26		1

		-10.75		-40.26		1

		-11.25		-40.26		1

		-9		-42.09		1

		-9.75		-42.09		1

		-10.25		-43.92		1

		-8.75		-45.75		1

		-9.75		-45.75		1

		-10.5		-45.75		1

		-8.25		-47.58		1

		-8.5		-47.58		1

		-8.75		-47.58		1

		-9		-47.58		1

		-10		-47.58		1

		-10.5		-47.58		1

		-8.75		-49.41		1

		-9.75		-49.41		1

		-10.5		-49.41		1

		-8.75		-51.24		1

		-9.25		-51.24		1

		-9.5		-51.24		1

		-10.5		-51.24		1

		-8.5		-53.07		1

		-9		-53.07		1

		-7.5		-54.9		1

		-8		-54.9		1

		-9		-54.9		1

		-9.25		-54.9		1

		-9.5		-54.9		1

		-7.5		-56.73		1

		-7.75		-56.73		1

		-8		-56.73		1

		-10		-56.73		1

		-7.75		-58.56		1

		-8		-58.56		1

		-8.75		-58.56		1

		-7.5		-60.39		1

		-7.75		-60.39		1

		-8.5		-60.39		1

		-7.5		-62.22		1

		-7.75		-62.22		1

		-6.5		-64.05		1

		-7.25		-64.05		1

		-8		-64.05		1

		-9.25		-64.05		1

		8		-65.88		1

		-6.5		-65.88		1

		-8		-67.71		1

		-8.5		-67.71		1

		-9		-67.71		1

		-6.75		-69.54		1

		-7		-69.54		1

		-7.25		-69.54		1

		-8		-69.54		1

		-6.75		-71.37		1

		-8		-71.37		1

		-9.5		-71.37		1

		-9.75		-71.37		1

		8		-73.2		1

		-5.5		-73.2		1

		-7.25		-73.2		1

		8		-75.03		1

		7.75		-75.03		1

		-5.75		-75.03		1

		-6		-75.03		1

		-6.25		-75.03		1

		-6.5		-75.03		1

		-9.75		-75.03		1

		-5		-76.86		1

		-5.5		-76.86		1

		-6.25		-76.86		1

		-6.5		-76.86		1

		-8.25		-76.86		1

		-8.75		-76.86		1

		-5		-78.69		1

		-5.25		-78.69		1

		-6		-78.69		1

		-5.25		-80.52		1

		-6		-80.52		1

		-9.25		-80.52		1

		-4.5		-82.35		1

		-6		-82.35		1

		-6.75		-82.35		1

		-4.5		-84.18		1

		-5.75		-84.18		1

		-6		-84.18		1

		-6.25		-84.18		1

		-4.5		-86.01		1

		-4.5		-87.84		1

		-5.5		-87.84		1

		-5.75		-87.84		1

		-6		-87.84		1

		8		-89.67		1

		-3.75		-89.67		1

		7.75		-91.5		1

		-4		-91.5		1

		-4.25		-91.5		1

		-5.25		-91.5		1

		8		-93.33		1

		-3.5		-93.33		1
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		-1.75		-29.28		5340				-1.75		-29.28		5340

		-2		-27.45		5325				-2		-27.45		5325

		-2		-29.28		5296				-2		-29.28		5296

		-1.75		-27.45		5267				-1.75		-27.45		5267

		-2		-25.62		5189				-2		-25.62		5189

		-1.5		-29.28		5148				-1.5		-29.28		5148

		-1.5		-31.11		5107				-1.5		-31.11		5107

		-1.5		-32.94		5079				-1.5		-32.94		5079

		-1.75		-25.62		5029				-1.75		-25.62		5029

		-1.75		-32.94		5024				-1.75		-32.94		5024

		-2.25		-27.45		5011				-2.25		-27.45		5011

		-2.25		-25.62		5004				-2.25		-25.62		5004

		-1.75		-31.11		4975				-1.75		-31.11		4975

		-2.25		-29.28		4974				-2.25		-29.28		4974

		-2		-23.79		4943				-2		-23.79		4943

		-2.5		-23.79		4938				-2.5		-23.79		4938

		-2		-31.11		4927				-2		-31.11		4927

		-2.25		-21.96		4908				-2.25		-21.96		4908

		-1.5		-27.45		4899				-1.5		-27.45		4899

		-2		-32.94		4884				-2		-32.94		4884

		-1.25		-32.94		4879				-1.25		-32.94		4879

		-2.25		-23.79		4873				-2.25		-23.79		4873

		-2.5		-25.62		4869				-2.5		-25.62		4869

		-1.25		-34.77		4857				-1.25		-34.77		4857

		-2.5		-27.45		4847				-2.5		-27.45		4847

		-2.5		-21.96		4810				-2.5		-21.96		4810

		-1.25		-31.11		4807				-1.25		-31.11		4807

		-2.25		-31.11		4793				-2.25		-31.11		4793

		-1.75		-23.79		4774				-1.75		-23.79		4774

		-1.75		-34.77		4769				-1.75		-34.77		4769

		-2		-34.77		4757				-2		-34.77		4757

		-1.5		-36.6		4756				-1.5		-36.6		4756

		-2		-21.96		4744				-2		-21.96		4744

		-1.25		-29.28		4718				-1.25		-29.28		4718

		-1.75		-36.6		4711				-1.75		-36.6		4711

		-1.5		-34.77		4708				-1.5		-34.77		4708

		-2.25		-20.13		4656				-2.25		-20.13		4656

		-1.5		-25.62		4642				-1.5		-25.62		4642

		-2.5		-29.28		4635				-2.5		-29.28		4635

		-2.5		-20.13		4622				-2.5		-20.13		4622

		-2.25		-32.94		4543				-2.25		-32.94		4543

		-2		-20.13		4527				-2		-20.13		4527

		-1.25		-36.6		4522				-1.25		-36.6		4522

		-1.75		-21.96		4505				-1.75		-21.96		4505

		-1.5		-23.79		4495				-1.5		-23.79		4495

		-2.75		-23.79		4495				-2.75		-23.79		4495

		-1.25		-27.45		4476				-1.25		-27.45		4476

		-2.25		-34.77		4433				-2.25		-34.77		4433

		-2.5		-31.11		4405				-2.5		-31.11		4405

		-2		-36.6		4359				-2		-36.6		4359

		-2.75		-27.45		4338				-2.75		-27.45		4338

		-2.75		-21.96		4332				-2.75		-21.96		4332

		-2.75		-20.13		4325				-2.75		-20.13		4325

		-1.75		-38.43		4310				-1.75		-38.43		4310

		-1		-34.77		4308				-1		-34.77		4308

		-2.25		-18.3		4303				-2.25		-18.3		4303

		-1.25		-38.43		4302				-1.25		-38.43		4302

		-2.75		-29.28		4301				-2.75		-29.28		4301

		-1		-32.94		4298				-1		-32.94		4298

		-1.5		-38.43		4290				-1.5		-38.43		4290

		-2.75		-25.62		4285				-2.75		-25.62		4285

		-1		-36.6		4269				-1		-36.6		4269

		-1		-31.11		4242				-1		-31.11		4242

		-1.25		-25.62		4209				-1.25		-25.62		4209

		-2.25		-36.6		4182				-2.25		-36.6		4182

		-2.5		-32.94		4179				-2.5		-32.94		4179

		-1.5		-21.96		4177				-1.5		-21.96		4177

		-1		-38.43		4176				-1		-38.43		4176

		-2		-38.43		4154				-2		-38.43		4154

		-2.5		-18.3		4118				-2.5		-18.3		4118

		-2.75		-18.3		4116				-2.75		-18.3		4116

		-1.75		-20.13		4110				-1.75		-20.13		4110

		-1		-29.28		4082				-1		-29.28		4082

		-2.75		-31.11		4082				-2.75		-31.11		4082

		-3		-21.96		4070				-3		-21.96		4070

		-1.25		-23.79		4061				-1.25		-23.79		4061

		-1.25		-40.26		4049				-1.25		-40.26		4049

		-2		-18.3		4038				-2		-18.3		4038

		-3		-20.13		4012				-3		-20.13		4012

		-1.75		-40.26		4007				-1.75		-40.26		4007

		-3		-25.62		3992				-3		-25.62		3992

		-3		-23.79		3975				-3		-23.79		3975

		-1.5		-40.26		3965				-1.5		-40.26		3965

		-2.25		-38.43		3904				-2.25		-38.43		3904

		-2.25		-16.47		3894				-2.25		-16.47		3894

		-2.75		-16.47		3887				-2.75		-16.47		3887

		-2.5		-34.77		3866				-2.5		-34.77		3866

		-1.75		-18.3		3852				-1.75		-18.3		3852

		-1.5		-42.09		3845				-1.5		-42.09		3845

		-3		-29.28		3828				-3		-29.28		3828

		-1		-40.26		3820				-1		-40.26		3820

		-1.25		-42.09		3819				-1.25		-42.09		3819

		-1		-27.45		3817				-1		-27.45		3817

		-3		-18.3		3798				-3		-18.3		3798

		-3		-27.45		3793				-3		-27.45		3793

		-2.5		-16.47		3790				-2.5		-16.47		3790

		-2.75		-32.94		3766				-2.75		-32.94		3766

		-0.75		-38.43		3743				-0.75		-38.43		3743

		-2		-40.26		3739				-2		-40.26		3739

		-0.75		-34.77		3737				-0.75		-34.77		3737

		-0.75		-36.6		3727				-0.75		-36.6		3727

		-2		-16.47		3711				-2		-16.47		3711

		-1		-42.09		3705				-1		-42.09		3705

		-1		-25.62		3704				-1		-25.62		3704

		-1.5		-20.13		3700				-1.5		-20.13		3700

		-0.75		-32.94		3657				-0.75		-32.94		3657

		-2.5		-14.64		3653				-2.5		-14.64		3653

		-0.75		-40.26		3651				-0.75		-40.26		3651

		-0.75		-31.11		3648				-0.75		-31.11		3648

		-2.5		-36.6		3619				-2.5		-36.6		3619

		-3.25		-23.79		3618				-3.25		-23.79		3618

		-3		-16.47		3617				-3		-16.47		3617

		-3.25		-21.96		3607				-3.25		-21.96		3607

		-1.25		-21.96		3589				-1.25		-21.96		3589

		-1.5		-43.92		3575				-1.5		-43.92		3575

		-3.25		-20.13		3548				-3.25		-20.13		3548

		-1.75		-42.09		3510				-1.75		-42.09		3510

		-2.75		-14.64		3481				-2.75		-14.64		3481

		-1		-43.92		3480				-1		-43.92		3480

		-2.75		-34.77		3476				-2.75		-34.77		3476

		-2.25		-14.64		3460				-2.25		-14.64		3460

		-0.75		-29.28		3441				-0.75		-29.28		3441

		-3.25		-25.62		3431				-3.25		-25.62		3431

		-3		-31.11		3427				-3		-31.11		3427

		-3		-14.64		3421				-3		-14.64		3421

		-1.75		-16.47		3410				-1.75		-16.47		3410

		-2.5		-12.81		3393				-2.5		-12.81		3393

		-3.25		-27.45		3388				-3.25		-27.45		3388

		-3.25		-16.47		3381				-3.25		-16.47		3381

		-1.25		-43.92		3378				-1.25		-43.92		3378

		-3.25		-18.3		3363				-3.25		-18.3		3363

		-2.5		-38.43		3339				-2.5		-38.43		3339

		-2.75		-12.81		3338				-2.75		-12.81		3338

		-2.25		-40.26		3328				-2.25		-40.26		3328

		-0.75		-43.92		3310				-0.75		-43.92		3310

		-0.75		-42.09		3295				-0.75		-42.09		3295

		-2		-14.64		3286				-2		-14.64		3286

		-1.75		-43.92		3249				-1.75		-43.92		3249

		-1.5		-18.3		3236				-1.5		-18.3		3236

		-3		-12.81		3221				-3		-12.81		3221

		-0.5		-36.6		3218				-0.5		-36.6		3218

		-0.5		-34.77		3204				-0.5		-34.77		3204

		-1.25		-20.13		3192				-1.25		-20.13		3192

		-3.25		-29.28		3188				-3.25		-29.28		3188

		-1		-45.75		3178				-1		-45.75		3178

		-0.75		-27.45		3172				-0.75		-27.45		3172

		-0.5		-38.43		3172				-0.5		-38.43		3172

		-1		-23.79		3171				-1		-23.79		3171

		-2		-42.09		3168				-2		-42.09		3168

		-2.25		-12.81		3164				-2.25		-12.81		3164

		-3.5		-21.96		3152				-3.5		-21.96		3152

		-1.25		-45.75		3145				-1.25		-45.75		3145

		-3.25		-14.64		3133				-3.25		-14.64		3133

		-3		-32.94		3122				-3		-32.94		3122

		-0.5		-32.94		3103				-0.5		-32.94		3103

		-2.75		-36.6		3102				-2.75		-36.6		3102

		-3.5		-23.79		3090				-3.5		-23.79		3090

		-3.5		-20.13		3080				-3.5		-20.13		3080

		-0.5		-40.26		3058				-0.5		-40.26		3058

		-1.5		-45.75		3045				-1.5		-45.75		3045

		-0.75		-45.75		3038				-0.75		-45.75		3038

		-2.5		-40.26		3031				-2.5		-40.26		3031

		-2.75		-10.98		3027				-2.75		-10.98		3027

		-0.5		-42.09		3026				-0.5		-42.09		3026

		-1.75		-14.64		3004				-1.75		-14.64		3004

		-1.5		-16.47		2977				-1.5		-16.47		2977

		-3.5		-18.3		2965				-3.5		-18.3		2965

		-0.75		-25.62		2961				-0.75		-25.62		2961

		-3		-34.77		2950				-3		-34.77		2950

		-1		-47.58		2946				-1		-47.58		2946

		-3.25		-31.11		2943				-3.25		-31.11		2943

		-0.5		-43.92		2932				-0.5		-43.92		2932

		-3.5		-16.47		2931				-3.5		-16.47		2931

		-2.25		-42.09		2913				-2.25		-42.09		2913

		-1		-21.96		2912				-1		-21.96		2912

		-3		-10.98		2908				-3		-10.98		2908

		-3.25		-12.81		2887				-3.25		-12.81		2887

		-1.25		-18.3		2882				-1.25		-18.3		2882

		-3.5		-14.64		2871				-3.5		-14.64		2871

		-3.5		-25.62		2870				-3.5		-25.62		2870

		-0.5		-31.11		2841				-0.5		-31.11		2841

		-2		-43.92		2833				-2		-43.92		2833

		-0.75		-47.58		2826				-0.75		-47.58		2826

		-2		-12.81		2818				-2		-12.81		2818

		-1.5		-47.58		2814				-1.5		-47.58		2814

		-3.5		-27.45		2796				-3.5		-27.45		2796

		-2.25		-10.98		2772				-2.25		-10.98		2772

		-2.5		-10.98		2763				-2.5		-10.98		2763

		-3.5		-12.81		2730				-3.5		-12.81		2730

		-1.75		-45.75		2730				-1.75		-45.75		2730

		-0.5		-45.75		2704				-0.5		-45.75		2704

		-0.25		-38.43		2685				-0.25		-38.43		2685

		-3.75		-20.13		2680				-3.75		-20.13		2680

		-0.5		-29.28		2673				-0.5		-29.28		2673

		-0.25		-40.26		2673				-0.25		-40.26		2673

		-2.75		-38.43		2662				-2.75		-38.43		2662

		-3.25		-10.98		2648				-3.25		-10.98		2648

		-3.25		-32.94		2635				-3.25		-32.94		2635

		-0.25		-36.6		2628				-0.25		-36.6		2628

		-3.75		-16.47		2623				-3.75		-16.47		2623

		-1.25		-47.58		2619				-1.25		-47.58		2619

		-3.75		-21.96		2616				-3.75		-21.96		2616

		-3		-9.15		2608				-3		-9.15		2608

		-0.25		-34.77		2605				-0.25		-34.77		2605

		-0.75		-23.79		2595				-0.75		-23.79		2595

		-2.75		-9.15		2589				-2.75		-9.15		2589

		-1		-20.13		2583				-1		-20.13		2583

		-2		-45.75		2576				-2		-45.75		2576

		-0.75		-49.41		2572				-0.75		-49.41		2572

		-0.5		-27.45		2566				-0.5		-27.45		2566

		-0.5		-47.58		2544				-0.5		-47.58		2544

		-3.75		-23.79		2538				-3.75		-23.79		2538

		-3.75		-18.3		2532				-3.75		-18.3		2532

		-0.25		-43.92		2529				-0.25		-43.92		2529

		-3		-36.6		2524				-3		-36.6		2524

		-2.5		-9.15		2509				-2.5		-9.15		2509

		-1.5		-14.64		2506				-1.5		-14.64		2506

		-2.25		-43.92		2505				-2.25		-43.92		2505

		-1.75		-12.81		2501				-1.75		-12.81		2501

		-3.5		-29.28		2499				-3.5		-29.28		2499

		-1.75		-47.58		2483				-1.75		-47.58		2483

		-2		-10.98		2481				-2		-10.98		2481

		-3.5		-10.98		2477				-3.5		-10.98		2477

		-2.5		-42.09		2476				-2.5		-42.09		2476

		-3.25		-9.15		2468				-3.25		-9.15		2468

		-1		-49.41		2464				-1		-49.41		2464

		-3.75		-14.64		2460				-3.75		-14.64		2460

		-0.25		-42.09		2437				-0.25		-42.09		2437

		-0.25		-32.94		2417				-0.25		-32.94		2417

		-3.25		-34.77		2410				-3.25		-34.77		2410

		-0.25		-45.75		2410				-0.25		-45.75		2410

		-3.75		-25.62		2408				-3.75		-25.62		2408

		-1.25		-16.47		2405				-1.25		-16.47		2405

		-0.75		-51.24		2400				-0.75		-51.24		2400

		-3.75		-12.81		2393				-3.75		-12.81		2393

		-1.25		-49.41		2392				-1.25		-49.41		2392

		-0.75		-21.96		2386				-0.75		-21.96		2386

		-0.5		-25.62		2371				-0.5		-25.62		2371

		-2.25		-9.15		2367				-2.25		-9.15		2367

		-0.5		-49.41		2364				-0.5		-49.41		2364

		-3.5		-31.11		2343				-3.5		-31.11		2343

		-2.75		-40.26		2328				-2.75		-40.26		2328

		-3		-38.43		2322				-3		-38.43		2322

		-1.5		-49.41		2321				-1.5		-49.41		2321

		-2.5		-7.32		2299				-2.5		-7.32		2299

		-0.25		-47.58		2280				-0.25		-47.58		2280

		-3.5		-9.15		2253				-3.5		-9.15		2253

		-3.75		-10.98		2251				-3.75		-10.98		2251

		-0.25		-31.11		2246				-0.25		-31.11		2246

		-2.75		-7.32		2242				-2.75		-7.32		2242

		-3		-7.32		2229				-3		-7.32		2229

		-2.5		-43.92		2221				-2.5		-43.92		2221

		-3.25		-7.32		2211				-3.25		-7.32		2211

		-3.75		-27.45		2207				-3.75		-27.45		2207

		-1		-51.24		2204				-1		-51.24		2204

		-4		-14.64		2198				-4		-14.64		2198

		-2		-47.58		2193				-2		-47.58		2193

		-1		-18.3		2180				-1		-18.3		2180

		-2.25		-45.75		2163				-2.25		-45.75		2163

		-1.75		-10.98		2161				-1.75		-10.98		2161

		-2		-9.15		2159				-2		-9.15		2159

		-4		-16.47		2156				-4		-16.47		2156

		-3.25		-36.6		2132				-3.25		-36.6		2132

		-1.25		-51.24		2129				-1.25		-51.24		2129

		-1.5		-12.81		2125				-1.5		-12.81		2125

		-4		-21.96		2123				-4		-21.96		2123

		-0.5		-51.24		2121				-0.5		-51.24		2121

		-0.25		-29.28		2119				-0.25		-29.28		2119

		-4		-23.79		2102				-4		-23.79		2102

		-3		-40.26		2093				-3		-40.26		2093

		-2.75		-42.09		2093				-2.75		-42.09		2093

		-1.25		-14.64		2090				-1.25		-14.64		2090

		-4		-20.13		2088				-4		-20.13		2088

		0		-42.09		2088				0		-42.09		2088

		-3.75		-9.15		2087				-3.75		-9.15		2087

		-0.25		-49.41		2082				-0.25		-49.41		2082

		-3.5		-32.94		2081				-3.5		-32.94		2081

		-4		-18.3		2075				-4		-18.3		2075

		0		-40.26		2075				0		-40.26		2075

		-4		-12.81		2072				-4		-12.81		2072

		-3.5		-7.32		2067				-3.5		-7.32		2067

		-1		-16.47		2065				-1		-16.47		2065

		-1.75		-49.41		2056				-1.75		-49.41		2056

		0		-38.43		2054				0		-38.43		2054

		0		-36.6		2049				0		-36.6		2049

		-0.75		-20.13		2037				-0.75		-20.13		2037

		-2.25		-7.32		2029				-2.25		-7.32		2029

		0		-43.92		2013				0		-43.92		2013

		-3.75		-29.28		2011				-3.75		-29.28		2011

		-0.75		-53.07		1981				-0.75		-53.07		1981

		-2.5		-45.75		1976				-2.5		-45.75		1976

		-0.5		-23.79		1964				-0.5		-23.79		1964

		0		-45.75		1960				0		-45.75		1960

		-1.5		-51.24		1948				-1.5		-51.24		1948

		-0.25		-51.24		1941				-0.25		-51.24		1941

		-3.25		-5.49		1940				-3.25		-5.49		1940

		-1		-53.07		1938				-1		-53.07		1938

		-2		-49.41		1931				-2		-49.41		1931

		-3.75		-7.32		1923				-3.75		-7.32		1923

		-2.75		-5.49		1919				-2.75		-5.49		1919

		-3		-5.49		1902				-3		-5.49		1902

		-4		-25.62		1899				-4		-25.62		1899

		-4		-10.98		1896				-4		-10.98		1896

		-2.75		-43.92		1875				-2.75		-43.92		1875

		-3.25		-38.43		1871				-3.25		-38.43		1871

		-1.75		-51.24		1867				-1.75		-51.24		1867

		-0.5		-53.07		1865				-0.5		-53.07		1865

		-1.75		-9.15		1859				-1.75		-9.15		1859

		-3.75		-31.11		1848				-3.75		-31.11		1848

		0		-47.58		1844				0		-47.58		1844

		-0.25		-27.45		1838				-0.25		-27.45		1838

		-4.25		-18.3		1822				-4.25		-18.3		1822

		-3.5		-34.77		1822				-3.5		-34.77		1822

		0		-49.41		1822				0		-49.41		1822

		-4		-9.15		1821				-4		-9.15		1821

		0		-34.77		1812				0		-34.77		1812

		-1.25		-53.07		1809				-1.25		-53.07		1809

		-1.5		-10.98		1808				-1.5		-10.98		1808

		-2.5		-5.49		1805				-2.5		-5.49		1805

		-3.5		-5.49		1801				-3.5		-5.49		1801

		-4.25		-16.47		1785				-4.25		-16.47		1785

		-2.25		-47.58		1778				-2.25		-47.58		1778

		-0.75		-18.3		1771				-0.75		-18.3		1771

		-3		-42.09		1770				-3		-42.09		1770

		-4		-27.45		1765				-4		-27.45		1765

		-0.5		-21.96		1764				-0.5		-21.96		1764

		-0.25		-53.07		1757				-0.25		-53.07		1757

		-4.25		-12.81		1750				-4.25		-12.81		1750

		-1.25		-12.81		1747				-1.25		-12.81		1747

		-4.25		-14.64		1746				-4.25		-14.64		1746

		0		-32.94		1743				0		-32.94		1743

		-0.25		-25.62		1729				-0.25		-25.62		1729

		-2		-7.32		1727				-2		-7.32		1727

		-1.5		-53.07		1725				-1.5		-53.07		1725

		-4.25		-20.13		1706				-4.25		-20.13		1706

		-1		-14.64		1678				-1		-14.64		1678

		-3.75		-32.94		1669				-3.75		-32.94		1669

		-4.25		-21.96		1658				-4.25		-21.96		1658

		-2.25		-5.49		1656				-2.25		-5.49		1656

		-4		-29.28		1649				-4		-29.28		1649

		-4.25		-9.15		1637				-4.25		-9.15		1637

		0		-51.24		1635				0		-51.24		1635

		-3		-3.66		1632				-3		-3.66		1632

		-0.75		-54.9		1630				-0.75		-54.9		1630

		-0.5		-54.9		1615				-0.5		-54.9		1615

		-3.5		-36.6		1613				-3.5		-36.6		1613

		-2.5		-47.58		1609				-2.5		-47.58		1609

		0		-31.11		1608				0		-31.11		1608

		-3.75		-5.49		1604				-3.75		-5.49		1604

		0.25		-45.75		1602				0.25		-45.75		1602

		-1		-54.9		1602				-1		-54.9		1602

		-4		-7.32		1601				-4		-7.32		1601

		-4.25		-10.98		1601				-4.25		-10.98		1601

		-2.75		-3.66		1596				-2.75		-3.66		1596

		0.25		-42.09		1596				0.25		-42.09		1596

		-3.25		-3.66		1593				-3.25		-3.66		1593

		-2		-51.24		1575				-2		-51.24		1575

		-1.25		-54.9		1563				-1.25		-54.9		1563

		-0.5		-20.13		1553				-0.5		-20.13		1553

		-4.25		-23.79		1553				-4.25		-23.79		1553

		-1.75		-53.07		1548				-1.75		-53.07		1548

		-3.25		-40.26		1547				-3.25		-40.26		1547

		-2.25		-49.41		1544				-2.25		-49.41		1544

		0.25		-40.26		1535				0.25		-40.26		1535

		0.25		-43.92		1535				0.25		-43.92		1535

		-3.5		-3.66		1533				-3.5		-3.66		1533

		0		-29.28		1528				0		-29.28		1528

		-3.75		-3.66		1526				-3.75		-3.66		1526

		0		-53.07		1517				0		-53.07		1517

		-0.25		-54.9		1515				-0.25		-54.9		1515

		0.25		-47.58		1512				0.25		-47.58		1512

		-1.75		-7.32		1505				-1.75		-7.32		1505

		-2.75		-45.75		1505				-2.75		-45.75		1505

		-0.75		-16.47		1501				-0.75		-16.47		1501

		-4.5		-16.47		1492				-4.5		-16.47		1492

		0.25		-49.41		1486				0.25		-49.41		1486

		-0.25		-23.79		1479				-0.25		-23.79		1479

		-4.25		-25.62		1478				-4.25		-25.62		1478

		-1.5		-9.15		1476				-1.5		-9.15		1476

		-4		-5.49		1468				-4		-5.49		1468

		0.25		-38.43		1463				0.25		-38.43		1463

		-0.5		-56.73		1455				-0.5		-56.73		1455

		0.25		-36.6		1452				0.25		-36.6		1452

		-2.5		-3.66		1449				-2.5		-3.66		1449

		-3		-43.92		1449				-3		-43.92		1449

		0.25		-34.77		1447				0.25		-34.77		1447

		-2		-5.49		1439				-2		-5.49		1439

		-1.5		-54.9		1435				-1.5		-54.9		1435

		-4.5		-9.15		1420				-4.5		-9.15		1420

		-1.25		-10.98		1415				-1.25		-10.98		1415

		-4.5		-14.64		1414				-4.5		-14.64		1414

		0		-54.9		1411				0		-54.9		1411

		-4.5		-20.13		1403				-4.5		-20.13		1403

		-1		-12.81		1399				-1		-12.81		1399

		-1		-56.73		1382				-1		-56.73		1382

		-0.75		-14.64		1380				-0.75		-14.64		1380

		0.25		-51.24		1380				0.25		-51.24		1380

		-4.5		-12.81		1377				-4.5		-12.81		1377

		-3.5		-38.43		1377				-3.5		-38.43		1377

		-4.25		-27.45		1373				-4.25		-27.45		1373

		-4		-31.11		1370				-4		-31.11		1370

		-4.25		-7.32		1365				-4.25		-7.32		1365

		-4.25		-5.49		1364				-4.25		-5.49		1364

		-4.5		-18.3		1361				-4.5		-18.3		1361

		-3.75		-34.77		1354				-3.75		-34.77		1354

		-2.75		-1.83		1352				-2.75		-1.83		1352

		-4.5		-10.98		1350				-4.5		-10.98		1350

		0.25		-53.07		1347				0.25		-53.07		1347

		-3.25		-42.09		1346				-3.25		-42.09		1346

		-1.25		-56.73		1330				-1.25		-56.73		1330

		-3		-1.83		1325				-3		-1.83		1325

		-0.75		-56.73		1316				-0.75		-56.73		1316

		-0.25		-21.96		1312				-0.25		-21.96		1312

		-2		-53.07		1312				-2		-53.07		1312

		-0.25		-56.73		1305				-0.25		-56.73		1305

		-3.75		-1.83		1303				-3.75		-1.83		1303

		-4		-32.94		1303				-4		-32.94		1303

		-4		-3.66		1301				-4		-3.66		1301

		-3.5		-1.83		1298				-3.5		-1.83		1298

		-1.75		-54.9		1292				-1.75		-54.9		1292

		0.25		-32.94		1287				0.25		-32.94		1287

		-3.25		-1.83		1275				-3.25		-1.83		1275

		-2.5		-49.41		1269				-2.5		-49.41		1269

		-2.25		-3.66		1262				-2.25		-3.66		1262

		0		-56.73		1257				0		-56.73		1257

		0		-27.45		1252				0		-27.45		1252

		0.25		-54.9		1250				0.25		-54.9		1250

		-0.5		-18.3		1249				-0.5		-18.3		1249

		-4.5		-7.32		1241				-4.5		-7.32		1241

		-4.5		-23.79		1236				-4.5		-23.79		1236

		-2.25		-51.24		1231				-2.25		-51.24		1231

		-1.5		-7.32		1227				-1.5		-7.32		1227

		-4.25		-29.28		1226				-4.25		-29.28		1226

		-4.5		-21.96		1223				-4.5		-21.96		1223

		-4.25		-3.66		1222				-4.25		-3.66		1222

		-3.5		-40.26		1220				-3.5		-40.26		1220

		-0.5		-58.56		1216				-0.5		-58.56		1216

		-3.75		-36.6		1208				-3.75		-36.6		1208

		0.5		-40.26		1197				0.5		-40.26		1197

		-2.75		-47.58		1184				-2.75		-47.58		1184

		-4		-1.83		1182				-4		-1.83		1182

		-0.75		-58.56		1179				-0.75		-58.56		1179

		-4.5		-5.49		1178				-4.5		-5.49		1178

		0.5		-42.09		1175				0.5		-42.09		1175

		0.5		-45.75		1175				0.5		-45.75		1175

		-3		-45.75		1174				-3		-45.75		1174

		-1.5		-56.73		1174				-1.5		-56.73		1174

		-1.25		-9.15		1173				-1.25		-9.15		1173

		-2		-54.9		1173				-2		-54.9		1173

		-3.5		-2.84E-14		1172				-3.5		-2.84E-14		1172

		-4.5		-25.62		1172				-4.5		-25.62		1172

		0.25		-31.11		1169				0.25		-31.11		1169

		0		-25.62		1163				0		-25.62		1163

		0.5		-43.92		1160				0.5		-43.92		1160

		0.5		-49.41		1154				0.5		-49.41		1154

		-4		-34.77		1147				-4		-34.77		1147

		-3		-2.84E-14		1136				-3		-2.84E-14		1136

		-3.25		-43.92		1136				-3.25		-43.92		1136

		-0.25		-58.56		1128				-0.25		-58.56		1128

		-0.5		-16.47		1127				-0.5		-16.47		1127

		-1.75		-5.49		1126				-1.75		-5.49		1126

		0.5		-47.58		1126				0.5		-47.58		1126

		-4.75		-12.81		1125				-4.75		-12.81		1125

		-4.75		-10.98		1124				-4.75		-10.98		1124

		-2.5		-1.83		1123				-2.5		-1.83		1123

		-1		-10.98		1119				-1		-10.98		1119

		-4.75		-16.47		1114				-4.75		-16.47		1114

		-4.75		-9.15		1112				-4.75		-9.15		1112

		-0.25		-20.13		1112				-0.25		-20.13		1112

		0.5		-51.24		1112				0.5		-51.24		1112

		-1.75		-56.73		1112				-1.75		-56.73		1112

		-3.25		-2.84E-14		1109				-3.25		-2.84E-14		1109

		-2		-3.66		1109				-2		-3.66		1109

		-3.5		-42.09		1108				-3.5		-42.09		1108

		-3.75		-2.84E-14		1105				-3.75		-2.84E-14		1105

		-2.5		-51.24		1104				-2.5		-51.24		1104

		-3.75		-38.43		1102				-3.75		-38.43		1102

		0.25		-56.73		1100				0.25		-56.73		1100

		-4.75		-14.64		1094				-4.75		-14.64		1094

		-1		-58.56		1089				-1		-58.56		1089

		-1.25		-58.56		1081				-1.25		-58.56		1081

		0.5		-53.07		1072				0.5		-53.07		1072

		-4.75		-18.3		1070				-4.75		-18.3		1070

		-4.75		-20.13		1067				-4.75		-20.13		1067

		-4.25		-31.11		1059				-4.25		-31.11		1059

		0.5		-38.43		1056				0.5		-38.43		1056

		-4.5		-3.66		1054				-4.5		-3.66		1054

		-2.25		-53.07		1053				-2.25		-53.07		1053

		-0.75		-12.81		1042				-0.75		-12.81		1042

		0		-58.56		1040				0		-58.56		1040

		-3.25		1.83		1023				-3.25		1.83		1023

		0		-23.79		1013				0		-23.79		1013

		0.25		-29.28		1012				0.25		-29.28		1012

		-4.75		-7.32		1011				-4.75		-7.32		1011

		0.5		-36.6		1006				0.5		-36.6		1006

		-4.25		-1.83		1005				-4.25		-1.83		1005

		-4.5		-27.45		1003				-4.5		-27.45		1003

		0.5		-34.77		1002				0.5		-34.77		1002

		-0.5		-60.39		999				-0.5		-60.39		999

		-2.25		-1.83		998				-2.25		-1.83		998

		-4		-2.84E-14		997				-4		-2.84E-14		997

		-0.75		-60.39		988				-0.75		-60.39		988

		-1.5		-58.56		986				-1.5		-58.56		986

		-3		-47.58		975				-3		-47.58		975

		-2.75		-49.41		975				-2.75		-49.41		975

		-4.75		-21.96		969				-4.75		-21.96		969

		-2.75		-2.84E-14		966				-2.75		-2.84E-14		966

		-4.75		-5.49		956				-4.75		-5.49		956

		-4		-36.6		951				-4		-36.6		951

		0.5		-54.9		948				0.5		-54.9		948

		-1.25		-7.32		945				-1.25		-7.32		945

		0.25		-58.56		943				0.25		-58.56		943

		-0.25		-60.39		936				-0.25		-60.39		936

		-3		1.83		934				-3		1.83		934

		-1.75		-3.66		932				-1.75		-3.66		932

		-1.5		-5.49		930				-1.5		-5.49		930

		0.5		-56.73		929				0.5		-56.73		929

		-3.25		-45.75		927				-3.25		-45.75		927

		-3.5		1.83		922				-3.5		1.83		922

		-4.25		-32.94		922				-4.25		-32.94		922

		-2.5		-2.84E-14		920				-2.5		-2.84E-14		920

		0		-60.39		920				0		-60.39		920

		-4.75		-3.66		918				-4.75		-3.66		918

		-4.5		-1.83		917				-4.5		-1.83		917

		-2.25		-54.9		913				-2.25		-54.9		913

		-3.75		1.83		912				-3.75		1.83		912

		-0.25		-18.3		912				-0.25		-18.3		912

		-5		-9.15		911				-5		-9.15		911

		-1		-60.39		907				-1		-60.39		907

		-5		-14.64		904				-5		-14.64		904

		-1.25		-60.39		904				-1.25		-60.39		904

		-2		-56.73		894				-2		-56.73		894

		0.25		-27.45		890				0.25		-27.45		890

		-0.5		-14.64		886				-0.5		-14.64		886

		-5		-12.81		885				-5		-12.81		885

		-2		-1.83		883				-2		-1.83		883

		0		-21.96		883				0		-21.96		883

		-3.75		-40.26		882				-3.75		-40.26		882

		-2.75		-51.24		879				-2.75		-51.24		879

		-4.75		-23.79		878				-4.75		-23.79		878

		-5		-10.98		876				-5		-10.98		876

		-5		-7.32		873				-5		-7.32		873

		-4.25		-2.84E-14		870				-4.25		-2.84E-14		870

		-1		-9.15		868				-1		-9.15		868

		-4.5		-29.28		863				-4.5		-29.28		863

		-4		1.83		857				-4		1.83		857

		0.5		-32.94		856				0.5		-32.94		856

		-5		-16.47		852				-5		-16.47		852

		-2.5		-53.07		847				-2.5		-53.07		847

		-4.5		-2.84E-14		834				-4.5		-2.84E-14		834

		-5		-5.49		834				-5		-5.49		834

		-0.75		-62.22		829				-0.75		-62.22		829

		-4.75		-1.83		828				-4.75		-1.83		828

		-0.5		-62.22		826				-0.5		-62.22		826

		-1.75		-58.56		824				-1.75		-58.56		824

		-4		-38.43		823				-4		-38.43		823

		-4.25		-34.77		821				-4.25		-34.77		821

		-3.5		-43.92		821				-3.5		-43.92		821

		0.75		-43.92		820				0.75		-43.92		820

		-5		-18.3		819				-5		-18.3		819

		0.75		-45.75		813				0.75		-45.75		813

		-0.25		-62.22		811				-0.25		-62.22		811

		-0.75		-10.98		809				-0.75		-10.98		809

		-4.75		-25.62		807				-4.75		-25.62		807

		0		-62.22		806				0		-62.22		806

		-2.75		1.83		797				-2.75		1.83		797

		0.75		-42.09		794				0.75		-42.09		794

		0.75		-49.41		793				0.75		-49.41		793

		0.75		-47.58		791				0.75		-47.58		791

		-3		-49.41		791				-3		-49.41		791

		0.25		-25.62		789				0.25		-25.62		789

		0.5		-58.56		788				0.5		-58.56		788

		0.25		-60.39		784				0.25		-60.39		784

		-4.5		-31.11		782				-4.5		-31.11		782

		0.75		-53.07		770				0.75		-53.07		770

		-3.75		-42.09		769				-3.75		-42.09		769

		-2.25		-2.84E-14		768				-2.25		-2.84E-14		768

		-1.5		-60.39		763				-1.5		-60.39		763

		-3.75		3.66		759				-3.75		3.66		759

		-4.5		1.83		759				-4.5		1.83		759

		0.5		-31.11		759				0.5		-31.11		759

		-0.25		-16.47		755				-0.25		-16.47		755

		-5		-3.66		752				-5		-3.66		752

		-1		-62.22		752				-1		-62.22		752

		-3.5		3.66		749				-3.5		3.66		749

		-5		-20.13		748				-5		-20.13		748

		0.75		-40.26		747				0.75		-40.26		747

		0.25		-62.22		743				0.25		-62.22		743

		-0.5		-12.81		740				-0.5		-12.81		740

		-5		-21.96		739				-5		-21.96		739

		-0.25		-64.05		739				-0.25		-64.05		739

		0.75		-51.24		736				0.75		-51.24		736

		-5		-1.83		734				-5		-1.83		734

		-3.25		3.66		729				-3.25		3.66		729

		-2		-58.56		725				-2		-58.56		725

		-5.25		-10.98		716				-5.25		-10.98		716

		-4		-40.26		716				-4		-40.26		716

		-1.25		-62.22		714				-1.25		-62.22		714

		0.75		-38.43		712				0.75		-38.43		712

		-4.5		-32.94		711				-4.5		-32.94		711

		-5.25		-5.49		710				-5.25		-5.49		710

		-5.25		-7.32		709				-5.25		-7.32		709

		-4.25		1.83		707				-4.25		1.83		707

		-1.25		-5.49		706				-1.25		-5.49		706

		-5.25		-9.15		701				-5.25		-9.15		701

		-4		3.66		700				-4		3.66		700

		-2.5		1.83		699				-2.5		1.83		699

		-4.75		-2.84E-14		699				-4.75		-2.84E-14		699

		-1.5		-3.66		699				-1.5		-3.66		699

		-3		3.66		696				-3		3.66		696

		-4.25		-36.6		694				-4.25		-36.6		694

		-2.75		-53.07		693				-2.75		-53.07		693

		0.5		-29.28		691				0.5		-29.28		691

		0.5		-60.39		691				0.5		-60.39		691

		-1		-7.32		687				-1		-7.32		687

		-0.75		-64.05		687				-0.75		-64.05		687

		0		-20.13		683				0		-20.13		683

		-3.25		-47.58		683				-3.25		-47.58		683

		-5		-23.79		681				-5		-23.79		681

		-3.5		-45.75		681				-3.5		-45.75		681

		0.75		-54.9		680				0.75		-54.9		680

		-2.25		-56.73		680				-2.25		-56.73		680

		-5.25		-14.64		677				-5.25		-14.64		677

		0.25		-23.79		677				0.25		-23.79		677

		-5.25		-3.66		675				-5.25		-3.66		675

		-1.75		-1.83		666				-1.75		-1.83		666

		0.75		-36.6		666				0.75		-36.6		666

		-0.5		-64.05		665				-0.5		-64.05		665

		-5.25		-12.81		664				-5.25		-12.81		664

		0.75		-58.56		663				0.75		-58.56		663

		-4.75		-27.45		662				-4.75		-27.45		662

		0.75		-56.73		661				0.75		-56.73		661

		-2.5		-54.9		659				-2.5		-54.9		659

		-4.75		1.83		652				-4.75		1.83		652

		-5		-2.84E-14		652				-5		-2.84E-14		652

		-1.5		-62.22		650				-1.5		-62.22		650

		-1.75		-60.39		649				-1.75		-60.39		649

		-4.75		-29.28		644				-4.75		-29.28		644

		0		-64.05		644				0		-64.05		644

		-2.25		1.83		641				-2.25		1.83		641

		-4.5		-34.77		636				-4.5		-34.77		636

		-3.75		-43.92		636				-3.75		-43.92		636

		-1		-64.05		636				-1		-64.05		636

		0.25		-64.05		634				0.25		-64.05		634

		-5.25		-16.47		632				-5.25		-16.47		632

		-2		-2.84E-14		628				-2		-2.84E-14		628

		0.75		-34.77		625				0.75		-34.77		625

		-3		-51.24		624				-3		-51.24		624

		-4.25		3.66		622				-4.25		3.66		622

		-0.75		-9.15		618				-0.75		-9.15		618

		-0.25		-14.64		616				-0.25		-14.64		616

		-4.5		3.66		609				-4.5		3.66		609

		-5		-25.62		609				-5		-25.62		609

		-2.75		3.66		605				-2.75		3.66		605

		-1.75		-2.84E-14		603				-1.75		-2.84E-14		603

		-1.25		-64.05		598				-1.25		-64.05		598

		-3.75		5.49		596				-3.75		5.49		596

		0.5		-62.22		596				0.5		-62.22		596

		-3.25		-49.41		595				-3.25		-49.41		595

		-4		5.49		592				-4		5.49		592

		-4.25		5.49		589				-4.25		5.49		589

		0.5		-27.45		589				0.5		-27.45		589

		0		-65.88		587				0		-65.88		587

		-5.5		-9.15		581				-5.5		-9.15		581

		-5.25		-1.83		576				-5.25		-1.83		576

		-5.25		-2.84E-14		575				-5.25		-2.84E-14		575

		0.75		-60.39		575				0.75		-60.39		575

		1		-54.9		572				1		-54.9		572

		-0.5		-10.98		568				-0.5		-10.98		568

		1		-45.75		568				1		-45.75		568

		-0.5		-65.88		567				-0.5		-65.88		567

		-4.75		-31.11		562				-4.75		-31.11		562

		-3.5		-47.58		561				-3.5		-47.58		561

		-1.75		-62.22		561				-1.75		-62.22		561

		-5.5		-7.32		559				-5.5		-7.32		559

		-5.5		-12.81		559				-5.5		-12.81		559

		1		-43.92		558				1		-43.92		558

		-2.25		-58.56		555				-2.25		-58.56		555

		-3.25		5.49		554				-3.25		5.49		554

		1		-53.07		554				1		-53.07		554

		-3.5		5.49		552				-3.5		5.49		552

		0.25		-21.96		551				0.25		-21.96		551

		-5.25		-20.13		550				-5.25		-20.13		550

		0.25		-65.88		550				0.25		-65.88		550

		-5		1.83		548				-5		1.83		548

		-5.25		-18.3		548				-5.25		-18.3		548

		-0.25		-65.88		548				-0.25		-65.88		548

		-4.5		5.49		545				-4.5		5.49		545

		-0.75		-65.88		545				-0.75		-65.88		545

		0.5		-25.62		541				0.5		-25.62		541

		0		-18.3		539				0		-18.3		539

		-4		-42.09		539				-4		-42.09		539

		1		-47.58		539				1		-47.58		539

		-2		-60.39		538				-2		-60.39		538

		-5.5		-5.49		536				-5.5		-5.49		536

		1		-49.41		535				1		-49.41		535

		-1		-5.49		531				-1		-5.49		531

		-4.25		-38.43		528				-4.25		-38.43		528

		1		-51.24		527				1		-51.24		527

		-4.75		3.66		525				-4.75		3.66		525

		-5.25		-21.96		525				-5.25		-21.96		525

		0.5		-64.05		523				0.5		-64.05		523

		-1.5		-1.83		522				-1.5		-1.83		522

		0.75		-32.94		521				0.75		-32.94		521

		-1.25		-3.66		520				-1.25		-3.66		520

		-4.25		-40.26		519				-4.25		-40.26		519

		-5.5		-10.98		514				-5.5		-10.98		514

		-2.5		-56.73		511				-2.5		-56.73		511

		1		-56.73		510				1		-56.73		510

		-5		-27.45		508				-5		-27.45		508

		-5.5		-14.64		507				-5.5		-14.64		507

		-5		3.66		506				-5		3.66		506

		-2.75		-54.9		506				-2.75		-54.9		506

		0.75		-62.22		502				0.75		-62.22		502

		-3		5.49		499				-3		5.49		499

		-2.5		3.66		498				-2.5		3.66		498

		1		-40.26		498				1		-40.26		498

		-5.5		-16.47		496				-5.5		-16.47		496

		-5		-29.28		496				-5		-29.28		496

		-0.25		-67.71		495				-0.25		-67.71		495

		0		-67.71		494				0		-67.71		494

		-1		-65.88		488				-1		-65.88		488

		-4		-43.92		486				-4		-43.92		486

		-4.75		-32.94		482				-4.75		-32.94		482

		0.5		-65.88		480				0.5		-65.88		480

		-4		7.32		479				-4		7.32		479

		-0.75		-7.32		479				-0.75		-7.32		479

		1		-58.56		478				1		-58.56		478

		-4.25		7.32		474				-4.25		7.32		474

		-3		-53.07		474				-3		-53.07		474

		-4.5		-36.6		473				-4.5		-36.6		473

		-4.75		5.49		471				-4.75		5.49		471

		-3.75		-45.75		470				-3.75		-45.75		470

		-5.5		-1.83		469				-5.5		-1.83		469

		-3.25		-51.24		469				-3.25		-51.24		469

		-0.75		-67.71		469				-0.75		-67.71		469

		-3.75		7.32		468				-3.75		7.32		468

		-5.5		-3.66		468				-5.5		-3.66		468

		0		-16.47		468				0		-16.47		468

		-5.5		-18.3		462				-5.5		-18.3		462

		-5.25		1.83		461				-5.25		1.83		461

		-1.5		-64.05		460				-1.5		-64.05		460

		0.25		-20.13		459				0.25		-20.13		459

		-2		1.83		458				-2		1.83		458

		-5.25		-23.79		457				-5.25		-23.79		457

		1		-42.09		457				1		-42.09		457

		0.75		-31.11		452				0.75		-31.11		452

		-3.25		7.32		451				-3.25		7.32		451

		0.75		-64.05		445				0.75		-64.05		445

		1		-60.39		444				1		-60.39		444

		-4.75		-34.77		443				-4.75		-34.77		443

		-3.5		7.32		442				-3.5		7.32		442

		-0.5		-67.71		442				-0.5		-67.71		442

		-3.5		-49.41		441				-3.5		-49.41		441

		-0.25		-12.81		439				-0.25		-12.81		439

		-4.5		-38.43		436				-4.5		-38.43		436

		0.75		-29.28		435				0.75		-29.28		435

		-2		-62.22		434				-2		-62.22		434

		1		-38.43		432				1		-38.43		432

		-1.25		-65.88		430				-1.25		-65.88		430

		-5.5		1.83		426				-5.5		1.83		426

		-5.75		-7.32		426				-5.75		-7.32		426

		-4.75		7.32		425				-4.75		7.32		425

		-2.5		-58.56		425				-2.5		-58.56		425

		0.5		-23.79		424				0.5		-23.79		424

		-5.5		-20.13		422				-5.5		-20.13		422

		-2.25		-60.39		422				-2.25		-60.39		422

		-2.75		5.49		421				-2.75		5.49		421

		-0.75		-5.49		414				-0.75		-5.49		414

		-5		-31.11		411				-5		-31.11		411

		0.25		-67.71		410				0.25		-67.71		410

		-5.75		-3.66		409				-5.75		-3.66		409

		-5.75		-5.49		409				-5.75		-5.49		409

		-5.75		-9.15		409				-5.75		-9.15		409

		1.25		-54.9		409				1.25		-54.9		409

		-0.5		-9.15		408				-0.5		-9.15		408

		-5.25		-25.62		406				-5.25		-25.62		406

		0.75		-65.88		406				0.75		-65.88		406

		-3		-54.9		404				-3		-54.9		404

		-1.25		-1.83		403				-1.25		-1.83		403

		1		-36.6		403				1		-36.6		403

		-3.75		-47.58		403				-3.75		-47.58		403

		-5.5		-2.84E-14		401				-5.5		-2.84E-14		401

		-5.5		-21.96		400				-5.5		-21.96		400

		-2.75		-56.73		400				-2.75		-56.73		400

		-3.75		9.15		399				-3.75		9.15		399

		-4.25		-42.09		398				-4.25		-42.09		398

		-2.75		7.32		393				-2.75		7.32		393

		1.25		-43.92		393				1.25		-43.92		393

		1.25		-53.07		393				1.25		-53.07		393

		-5.75		-2.84E-14		392				-5.75		-2.84E-14		392

		-1		-3.66		390				-1		-3.66		390

		0.25		-18.3		390				0.25		-18.3		390

		-1.75		-64.05		389				-1.75		-64.05		389

		-1		-67.71		389				-1		-67.71		389

		1		-62.22		384				1		-62.22		384

		-5.75		-10.98		383				-5.75		-10.98		383

		1.25		-45.75		383				1.25		-45.75		383

		1.25		-47.58		383				1.25		-47.58		383

		-4.5		7.32		382				-4.5		7.32		382

		-5.25		3.66		381				-5.25		3.66		381

		-0.5		-69.54		380				-0.5		-69.54		380

		-4.75		-36.6		378				-4.75		-36.6		378

		1.25		-56.73		378				1.25		-56.73		378

		-4		-45.75		377				-4		-45.75		377

		-5.75		-1.83		375				-5.75		-1.83		375

		-5.75		-12.81		375				-5.75		-12.81		375

		-5.5		3.66		373				-5.5		3.66		373

		-0.25		-10.98		373				-0.25		-10.98		373

		1		-34.77		371				1		-34.77		371

		-1.5		-2.84E-14		370				-1.5		-2.84E-14		370

		-5		5.49		369				-5		5.49		369

		-1.5		-65.88		368				-1.5		-65.88		368

		-2.25		3.66		367				-2.25		3.66		367

		-1.75		1.83		367				-1.75		1.83		367

		0		-14.64		365				0		-14.64		365

		-4.5		-40.26		364				-4.5		-40.26		364

		1.25		-49.41		364				1.25		-49.41		364

		1.25		-51.24		362				1.25		-51.24		362

		-6		-3.66		361				-6		-3.66		361

		-4.25		-43.92		358				-4.25		-43.92		358

		-2.5		5.49		355				-2.5		5.49		355

		-5.25		-27.45		353				-5.25		-27.45		353

		-0.25		-69.54		353				-0.25		-69.54		353

		0.5		-21.96		351				0.5		-21.96		351

		1.25		-58.56		351				1.25		-58.56		351

		1		-64.05		350				1		-64.05		350

		-4		9.15		348				-4		9.15		348

		-3.25		-53.07		348				-3.25		-53.07		348

		0.75		-67.71		347				0.75		-67.71		347

		0.25		-69.54		347				0.25		-69.54		347

		0		-69.54		347				0		-69.54		347

		-3		7.32		346				-3		7.32		346

		0.5		-69.54		346				0.5		-69.54		346

		-4.75		9.15		342				-4.75		9.15		342

		-5.25		7.32		341				-5.25		7.32		341

		-5		-32.94		340				-5		-32.94		340

		0.5		-67.71		340				0.5		-67.71		340

		-3.5		9.15		339				-3.5		9.15		339

		-5.5		5.49		339				-5.5		5.49		339

		-4.25		9.15		337				-4.25		9.15		337

		-5.75		-18.3		335				-5.75		-18.3		335

		-5		7.32		333				-5		7.32		333

		-0.5		-7.32		333				-0.5		-7.32		333

		-5.75		-14.64		332				-5.75		-14.64		332

		-5.25		5.49		331				-5.25		5.49		331

		-6		-5.49		329				-6		-5.49		329

		-5.75		-16.47		326				-5.75		-16.47		326

		-1.25		-67.71		326				-1.25		-67.71		326

		0.75		-27.45		324				0.75		-27.45		324

		-3.5		-51.24		324				-3.5		-51.24		324

		-2.25		-62.22		323				-2.25		-62.22		323

		0.75		-25.62		321				0.75		-25.62		321

		-2.5		-60.39		321				-2.5		-60.39		321

		-5.5		-23.79		320				-5.5		-23.79		320

		-5.75		1.83		318				-5.75		1.83		318

		1.25		-42.09		318				1.25		-42.09		318

		1.25		-60.39		318				1.25		-60.39		318

		-4.5		9.15		317				-4.5		9.15		317

		-6		-7.32		317				-6		-7.32		317

		-6		-1.83		314				-6		-1.83		314

		-3		-56.73		314				-3		-56.73		314

		-5.25		-29.28		313				-5.25		-29.28		313

		-5.5		-25.62		307				-5.5		-25.62		307

		1.25		-40.26		307				1.25		-40.26		307

		-5.25		-31.11		305				-5.25		-31.11		305

		-2.75		-58.56		305				-2.75		-58.56		305

		-2		3.66		304				-2		3.66		304

		1		-32.94		304				1		-32.94		304

		-0.75		-69.54		303				-0.75		-69.54		303

		-0.25		-71.37		303				-0.25		-71.37		303

		0		-12.81		302				0		-12.81		302

		-5		-34.77		302				-5		-34.77		302

		-3.25		9.15		301				-3.25		9.15		301

		1		-65.88		301				1		-65.88		301

		-4		10.98		300				-4		10.98		300

		1.25		-38.43		299				1.25		-38.43		299

		-4		-47.58		298				-4		-47.58		298

		0.25		-16.47		297				0.25		-16.47		297

		1		-31.11		295				1		-31.11		295

		1.25		-62.22		294				1.25		-62.22		294

		0		-71.37		294				0		-71.37		294

		-6		-10.98		293				-6		-10.98		293

		0.75		-69.54		292				0.75		-69.54		292

		-1		-69.54		292				-1		-69.54		292

		-4.75		-38.43		290				-4.75		-38.43		290

		0.5		-20.13		289				0.5		-20.13		289

		-2		-64.05		289				-2		-64.05		289

		-3.75		-49.41		287				-3.75		-49.41		287

		-5		9.15		286				-5		9.15		286

		1		-67.71		286				1		-67.71		286

		-1.75		-65.88		284				-1.75		-65.88		284

		-2.25		5.49		283				-2.25		5.49		283

		-1.5		1.83		283				-1.5		1.83		283

		1.5		-51.24		281				1.5		-51.24		281

		-5.5		7.32		279				-5.5		7.32		279

		0.25		-71.37		278				0.25		-71.37		278

		-0.75		-3.66		276				-0.75		-3.66		276

		-6		-2.84E-14		273				-6		-2.84E-14		273

		1.5		-49.41		271				1.5		-49.41		271

		-6.25		-3.66		270				-6.25		-3.66		270

		-6		-9.15		270				-6		-9.15		270

		-6		1.83		269				-6		1.83		269

		-3.25		-54.9		269				-3.25		-54.9		269

		-3		9.15		267				-3		9.15		267

		-5.75		3.66		267				-5.75		3.66		267

		-5.75		-21.96		267				-5.75		-21.96		267

		1		-69.54		267				1		-69.54		267

		-0.5		-71.37		267				-0.5		-71.37		267

		-3.5		10.98		266				-3.5		10.98		266

		-1		-1.83		264				-1		-1.83		264

		-5.5		-27.45		264				-5.5		-27.45		264

		1.5		-53.07		264				1.5		-53.07		264

		-0.25		-9.15		263				-0.25		-9.15		263

		-5.75		-20.13		263				-5.75		-20.13		263

		-1.75		3.66		262				-1.75		3.66		262

		-0.75		-71.37		262				-0.75		-71.37		262

		-1.5		-67.71		260				-1.5		-67.71		260

		-4.25		10.98		258				-4.25		10.98		258

		-1.25		-2.84E-14		258				-1.25		-2.84E-14		258

		-6		-12.81		257				-6		-12.81		257

		-6		-14.64		257				-6		-14.64		257

		-3.75		10.98		254				-3.75		10.98		254

		-5.75		5.49		253				-5.75		5.49		253

		-4.5		10.98		252				-4.5		10.98		252

		-4.5		-42.09		252				-4.5		-42.09		252

		-4.25		-45.75		252				-4.25		-45.75		252

		0.5		-71.37		250				0.5		-71.37		250

		-5.25		9.15		249				-5.25		9.15		249

		1.25		-36.6		249				1.25		-36.6		249

		1.5		-58.56		249				1.5		-58.56		249

		-5.25		-32.94		248				-5.25		-32.94		248

		0.75		-71.37		246				0.75		-71.37		246

		-0.25		-73.2		246				-0.25		-73.2		246

		-4.75		10.98		243				-4.75		10.98		243

		1		-29.28		242				1		-29.28		242

		-2.5		-62.22		241				-2.5		-62.22		241

		0		-10.98		240				0		-10.98		240

		0.75		-23.79		240				0.75		-23.79		240

		1.5		-45.75		240				1.5		-45.75		240

		-2.25		-64.05		239				-2.25		-64.05		239

		-0.5		-5.49		238				-0.5		-5.49		238

		1.5		-43.92		238				1.5		-43.92		238

		-1.25		-69.54		238				-1.25		-69.54		238

		1.5		-47.58		237				1.5		-47.58		237

		1.25		-64.05		237				1.25		-64.05		237

		1.25		-65.88		236				1.25		-65.88		236

		-6.25		-1.83		235				-6.25		-1.83		235

		-6		-18.3		235				-6		-18.3		235

		-6		5.49		233				-6		5.49		233

		-1.5		3.66		232				-1.5		3.66		232

		0.75		-73.2		232				0.75		-73.2		232

		-5		10.98		229				-5		10.98		229

		-2.5		7.32		229				-2.5		7.32		229

		-2		5.49		225				-2		5.49		225

		0.5		-18.3		225				0.5		-18.3		225

		-6		-16.47		223				-6		-16.47		223

		1.25		-34.77		223				1.25		-34.77		223

		1		-71.37		222				1		-71.37		222

		-6.25		-9.15		220				-6.25		-9.15		220

		-4.25		12.81		219				-4.25		12.81		219

		-6.25		-2.84E-14		219				-6.25		-2.84E-14		219

		-4.5		-43.92		219				-4.5		-43.92		219

		-5.75		7.32		218				-5.75		7.32		218

		0		-73.2		218				0		-73.2		218

		1.5		-54.9		217				1.5		-54.9		217

		-6		3.66		216				-6		3.66		216

		-1.25		1.83		216				-1.25		1.83		216

		-3		-58.56		216				-3		-58.56		216

		-6.25		1.83		215				-6.25		1.83		215

		-5.75		-23.79		215				-5.75		-23.79		215

		-1.75		-67.71		215				-1.75		-67.71		215

		-4		12.81		214				-4		12.81		214

		-6.25		-5.49		214				-6.25		-5.49		214

		-3.75		-51.24		214				-3.75		-51.24		214

		-3.5		-53.07		214				-3.5		-53.07		214

		-2		-65.88		214				-2		-65.88		214

		-4.75		12.81		213				-4.75		12.81		213

		-5.5		9.15		213				-5.5		9.15		213

		0.75		-21.96		213				0.75		-21.96		213

		1.5		-56.73		213				1.5		-56.73		213

		-4.5		12.81		211				-4.5		12.81		211

		-6.25		-7.32		210				-6.25		-7.32		210

		-6		-21.96		210				-6		-21.96		210

		0.5		-73.2		210				0.5		-73.2		210

		0.25		-14.64		209				0.25		-14.64		209

		-2.75		-60.39		209				-2.75		-60.39		209

		-1.5		-69.54		209				-1.5		-69.54		209

		0.5		-16.47		208				0.5		-16.47		208

		-6.25		-10.98		206				-6.25		-10.98		206

		-6		-20.13		206				-6		-20.13		206

		-1		-2.84E-14		205				-1		-2.84E-14		205

		0.25		-73.2		204				0.25		-73.2		204

		-5.5		-29.28		203				-5.5		-29.28		203

		-5		12.81		202				-5		12.81		202

		-1		-71.37		202				-1		-71.37		202

		-3		10.98		201				-3		10.98		201

		-5		-36.6		201				-5		-36.6		201

		-5.75		-25.62		200				-5.75		-25.62		200

		1.25		-32.94		200				1.25		-32.94		200

		-2.5		-64.05		198				-2.5		-64.05		198

		-3.25		-56.73		197				-3.25		-56.73		197

		-2.75		9.15		196				-2.75		9.15		196

		-4.25		-47.58		195				-4.25		-47.58		195

		-3.25		10.98		194				-3.25		10.98		194

		-1.75		5.49		194				-1.75		5.49		194

		-4.75		-40.26		194				-4.75		-40.26		194

		-0.75		-73.2		194				-0.75		-73.2		194

		-0.75		-1.83		192				-0.75		-1.83		192

		-0.5		-73.2		192				-0.5		-73.2		192

		1.5		-60.39		190				1.5		-60.39		190

		-5.25		10.98		189				-5.25		10.98		189

		1.5		-42.09		189				1.5		-42.09		189

		1.25		-69.54		189				1.25		-69.54		189

		-5.75		10.98		188				-5.75		10.98		188

		-6.25		-12.81		188				-6.25		-12.81		188

		1		-27.45		188				1		-27.45		188

		1.75		-58.56		188				1.75		-58.56		188

		-6.25		-14.64		186				-6.25		-14.64		186

		-4		-49.41		186				-4		-49.41		186

		1.5		-62.22		186				1.5		-62.22		186

		-6.25		3.66		185				-6.25		3.66		185

		1.5		-40.26		185				1.5		-40.26		185

		1.75		-60.39		185				1.75		-60.39		185

		1.25		-67.71		185				1.25		-67.71		185

		-5.75		9.15		184				-5.75		9.15		184

		-5.75		-27.45		184				-5.75		-27.45		184

		-3.25		-58.56		184				-3.25		-58.56		184

		-6.25		-16.47		182				-6.25		-16.47		182

		-3.5		-54.9		182				-3.5		-54.9		182

		-3.75		12.81		179				-3.75		12.81		179

		-6.5		-2.84E-14		179				-6.5		-2.84E-14		179

		-5.25		-34.77		179				-5.25		-34.77		179

		1.75		-56.73		178				1.75		-56.73		178

		0		-75.03		178				0		-75.03		178

		-6		10.98		177				-6		10.98		177

		-4.75		-42.09		177				-4.75		-42.09		177

		-3.75		-53.07		177				-3.75		-53.07		177

		1.25		-71.37		177				1.25		-71.37		177

		-0.25		-75.03		177				-0.25		-75.03		177

		-3.5		12.81		176				-3.5		12.81		176

		-6		7.32		176				-6		7.32		176

		-0.25		-7.32		176				-0.25		-7.32		176

		-1.25		-71.37		176				-1.25		-71.37		176

		-2.25		7.32		175				-2.25		7.32		175

		-2.5		9.15		172				-2.5		9.15		172

		0.25		-12.81		172				0.25		-12.81		172

		-0.75		-75.03		172				-0.75		-75.03		172

		-5.5		10.98		171				-5.5		10.98		171

		0		-9.15		171				0		-9.15		171

		1.5		-64.05		171				1.5		-64.05		171

		-1		-73.2		171				-1		-73.2		171

		0.25		-75.03		171				0.25		-75.03		171

		-3.75		14.64		170				-3.75		14.64		170

		-6.5		-3.66		170				-6.5		-3.66		170

		-6		-23.79		170				-6		-23.79		170

		-5.5		-31.11		170				-5.5		-31.11		170

		-6		9.15		169				-6		9.15		169

		-6.25		5.49		169				-6.25		5.49		169

		0.75		-75.03		167				0.75		-75.03		167

		-5.25		12.81		165				-5.25		12.81		165

		-2		7.32		165				-2		7.32		165

		-6.5		-5.49		165				-6.5		-5.49		165

		0.75		-20.13		165				0.75		-20.13		165

		-3		-60.39		165				-3		-60.39		165

		1		-25.62		164				1		-25.62		164

		-2.75		10.98		162				-2.75		10.98		162

		-5.5		-32.94		161				-5.5		-32.94		161

		-2.75		-62.22		160				-2.75		-62.22		160

		1.5		-65.88		160				1.5		-65.88		160

		-2		-67.71		160				-2		-67.71		160

		1		-75.03		160				1		-75.03		160

		-6.25		9.15		157				-6.25		9.15		157

		1.5		-38.43		157				1.5		-38.43		157

		-4.5		-45.75		157				-4.5		-45.75		157

		1.75		-64.05		157				1.75		-64.05		157

		-5		-38.43		156				-5		-38.43		156

		-4.25		-49.41		156				-4.25		-49.41		156

		-1.75		-69.54		156				-1.75		-69.54		156

		-4.5		14.64		155				-4.5		14.64		155

		1		-73.2		155				1		-73.2		155

		-6.25		7.32		154				-6.25		7.32		154

		1.25		-73.2		154				1.25		-73.2		154

		0.5		-75.03		154				0.5		-75.03		154

		-5.5		12.81		153				-5.5		12.81		153

		-6.5		1.83		153				-6.5		1.83		153

		1.75		-49.41		153				1.75		-49.41		153

		1.5		-69.54		153				1.5		-69.54		153

		-4.75		14.64		151				-4.75		14.64		151

		-2.25		9.15		151				-2.25		9.15		151

		-1.5		5.49		150				-1.5		5.49		150

		-2.5		-65.88		150				-2.5		-65.88		150

		-4		14.64		149				-4		14.64		149

		-0.5		-3.66		149				-0.5		-3.66		149

		-6.5		-7.32		149				-6.5		-7.32		149

		-6		-25.62		149				-6		-25.62		149

		1.75		-51.24		149				1.75		-51.24		149

		-3.25		12.81		148				-3.25		12.81		148

		-1		1.83		148				-1		1.83		148

		1.75		-54.9		148				1.75		-54.9		148

		-4.25		14.64		147				-4.25		14.64		147

		-0.75		-2.84E-14		146				-0.75		-2.84E-14		146

		1.75		-47.58		146				1.75		-47.58		146

		-0.5		-75.03		146				-0.5		-75.03		146

		-6.5		-1.83		145				-6.5		-1.83		145

		1.25		-31.11		145				1.25		-31.11		145

		-0.25		-5.49		144				-0.25		-5.49		144

		-5.75		-29.28		144				-5.75		-29.28		144

		-2.25		-65.88		144				-2.25		-65.88		144

		-5.75		12.81		143				-5.75		12.81		143

		-1.25		3.66		142				-1.25		3.66		142

		-6.5		-12.81		142				-6.5		-12.81		142

		1.25		-29.28		142				1.25		-29.28		142

		-5.25		-36.6		142				-5.25		-36.6		142

		1.5		-36.6		140				1.5		-36.6		140

		1.75		-53.07		140				1.75		-53.07		140

		-6.25		-18.3		139				-6.25		-18.3		139

		0.5		-76.86		139				0.5		-76.86		139

		-6.5		5.49		138				-6.5		5.49		138

		-1.25		-73.2		138				-1.25		-73.2		138

		0.75		-76.86		138				0.75		-76.86		138

		-5		-40.26		137				-5		-40.26		137

		-2.75		-64.05		137				-2.75		-64.05		137

		1.5		-67.71		137				1.5		-67.71		137

		1.75		-43.92		136				1.75		-43.92		136

		-4.75		-43.92		136				-4.75		-43.92		136

		0.25		-10.98		135				0.25		-10.98		135

		-6.25		-20.13		135				-6.25		-20.13		135

		1.75		-62.22		134				1.75		-62.22		134

		-4.5		16.47		133				-4.5		16.47		133

		-6.5		-10.98		133				-6.5		-10.98		133

		-4.25		16.47		132				-4.25		16.47		132

		-6		12.81		132				-6		12.81		132

		0.75		-18.3		132				0.75		-18.3		132

		1.25		-75.03		132				1.25		-75.03		132

		1.75		-45.75		131				1.75		-45.75		131

		-4		-51.24		130				-4		-51.24		130

		-3.75		-54.9		129				-3.75		-54.9		129

		-3		-62.22		129				-3		-62.22		129

		-6.25		12.81		128				-6.25		12.81		128

		-6.75		-2.84E-14		128				-6.75		-2.84E-14		128

		-2.25		-67.71		128				-2.25		-67.71		128

		-6.75		1.83		127				-6.75		1.83		127

		-1.5		-71.37		127				-1.5		-71.37		127

		-6.5		3.66		126				-6.5		3.66		126

		-6.25		-21.96		125				-6.25		-21.96		125

		1.5		-71.37		125				1.5		-71.37		125

		-5.25		14.64		124				-5.25		14.64		124

		-6.75		3.66		124				-6.75		3.66		124

		-6.5		-14.64		123				-6.5		-14.64		123

		1.75		-65.88		123				1.75		-65.88		123

		-5.5		14.64		121				-5.5		14.64		121

		-2.5		10.98		120				-2.5		10.98		120

		-6.5		7.32		120				-6.5		7.32		120

		2		-60.39		120				2		-60.39		120

		-3		12.81		119				-3		12.81		119

		-6.75		-1.83		119				-6.75		-1.83		119

		1		-23.79		119				1		-23.79		119

		-4		-53.07		119				-4		-53.07		119

		-6.5		-9.15		118				-6.5		-9.15		118

		0.5		-14.64		118				0.5		-14.64		118

		1.25		-76.86		118				1.25		-76.86		118

		1		-76.86		118				1		-76.86		118

		0		-7.32		117				0		-7.32		117

		-1		-75.03		117				-1		-75.03		117

		-0.25		-76.86		117				-0.25		-76.86		117

		-4.75		16.47		116				-4.75		16.47		116

		1.5		-34.77		116				1.5		-34.77		116

		-3.5		-56.73		116				-3.5		-56.73		116

		2		-62.22		116				2		-62.22		116

		-1.75		-71.37		116				-1.75		-71.37		116

		-4.75		18.3		115				-4.75		18.3		115

		-3.5		14.64		115				-3.5		14.64		115

		-6.5		10.98		114				-6.5		10.98		114

		-6.75		-9.15		113				-6.75		-9.15		113

		-5		14.64		112				-5		14.64		112

		-6.75		-7.32		112				-6.75		-7.32		112

		-5.5		-34.77		112				-5.5		-34.77		112

		-4.5		-47.58		112				-4.5		-47.58		112

		-6.5		9.15		111				-6.5		9.15		111

		-1.75		7.32		111				-1.75		7.32		111

		0.5		-12.81		111				0.5		-12.81		111

		0.75		-16.47		111				0.75		-16.47		111

		-5		-42.09		111				-5		-42.09		111

		1		-21.96		110				1		-21.96		110

		1.75		-67.71		110				1.75		-67.71		110

		0		-76.86		110				0		-76.86		110

		-0.5		-76.86		110				-0.5		-76.86		110

		0.75		-78.69		110				0.75		-78.69		110

		-5.25		16.47		109				-5.25		16.47		109

		-0.5		-1.83		109				-0.5		-1.83		109

		-0.25		-3.66		109				-0.25		-3.66		109

		0.25		-76.86		109				0.25		-76.86		109

		-2		9.15		108				-2		9.15		108

		1.75		-42.09		108				1.75		-42.09		108

		-0.25		-78.69		108				-0.25		-78.69		108

		-1.5		7.32		107				-1.5		7.32		107

		0.25		-9.15		107				0.25		-9.15		107

		-0.75		-78.69		106				-0.75		-78.69		106

		-6.75		5.49		105				-6.75		5.49		105

		-6.75		-3.66		105				-6.75		-3.66		105

		-6.75		-5.49		105				-6.75		-5.49		105

		0.5		-78.69		105				0.5		-78.69		105

		-3.75		16.47		104				-3.75		16.47		104

		-5.75		14.64		104				-5.75		14.64		104

		-6.75		9.15		104				-6.75		9.15		104

		1.5		-76.86		104				1.5		-76.86		104

		-6.25		14.64		103				-6.25		14.64		103

		-6.75		7.32		103				-6.75		7.32		103

		-5		-43.92		103				-5		-43.92		103

		-1.25		5.49		102				-1.25		5.49		102

		-6.5		-16.47		102				-6.5		-16.47		102

		-5.75		-31.11		102				-5.75		-31.11		102

		2		-54.9		102				2		-54.9		102

		-3.25		14.64		101				-3.25		14.64		101

		-7		-2.84E-14		101				-7		-2.84E-14		101

		-6.25		-23.79		101				-6.25		-23.79		101

		-6		-27.45		101				-6		-27.45		101

		-2		-71.37		101				-2		-71.37		101

		-2.25		10.98		100				-2.25		10.98		100

		-1.75		9.15		100				-1.75		9.15		100

		-4.25		18.3		99				-4.25		18.3		99

		-6.25		10.98		99				-6.25		10.98		99

		1		-20.13		99				1		-20.13		99

		1.25		-27.45		99				1.25		-27.45		99

		1.5		-31.11		99				1.5		-31.11		99

		2		-53.07		99				2		-53.07		99

		-0.5		-78.69		99				-0.5		-78.69		99

		-4.25		-51.24		98				-4.25		-51.24		98

		-3.75		-56.73		98				-3.75		-56.73		98

		1.75		-71.37		98				1.75		-71.37		98

		-4		16.47		97				-4		16.47		97

		-6.5		-18.3		97				-6.5		-18.3		97

		-3.25		-60.39		97				-3.25		-60.39		97

		-5		16.47		96				-5		16.47		96

		-5.75		-32.94		96				-5.75		-32.94		96

		2		-56.73		96				2		-56.73		96

		1.5		-73.2		96				1.5		-73.2		96

		1.75		-38.43		94				1.75		-38.43		94

		1.5		-75.03		94				1.5		-75.03		94

		-1.25		-75.03		94				-1.25		-75.03		94

		1.5		-78.69		94				1.5		-78.69		94

		-6.25		16.47		93				-6.25		16.47		93

		-4.5		-49.41		93				-4.5		-49.41		93

		0		-78.69		93				0		-78.69		93

		-5.75		16.47		92				-5.75		16.47		92

		1.5		-32.94		92				1.5		-32.94		92

		1.75		-40.26		92				1.75		-40.26		92

		-4.75		-45.75		92				-4.75		-45.75		92

		2		-58.56		92				2		-58.56		92

		-1.5		-73.2		92				-1.5		-73.2		92

		2		-49.41		91				2		-49.41		91

		0.25		-78.69		91				0.25		-78.69		91

		-3.5		16.47		90				-3.5		16.47		90

		-6.75		12.81		90				-6.75		12.81		90

		-2		-69.54		90				-2		-69.54		90

		-0.75		-76.86		90				-0.75		-76.86		90

		-1		3.66		89				-1		3.66		89

		-0.75		1.83		89				-0.75		1.83		89

		2		-51.24		89				2		-51.24		89

		2		-64.05		89				2		-64.05		89

		1.5		-80.52		89				1.5		-80.52		89

		-6.5		-20.13		88				-6.5		-20.13		88

		-3.5		-58.56		88				-3.5		-58.56		88

		-3		-64.05		88				-3		-64.05		88

		-2.5		-67.71		88				-2.5		-67.71		88

		0.5		-80.52		87				0.5		-80.52		87

		-6.5		12.81		86				-6.5		12.81		86

		-7		7.32		86				-7		7.32		86

		-4.75		-47.58		86				-4.75		-47.58		86

		-2.75		-65.88		86				-2.75		-65.88		86

		-2.25		-71.37		86				-2.25		-71.37		86

		-6		14.64		85				-6		14.64		85

		-2.75		12.81		85				-2.75		12.81		85

		-6.75		10.98		85				-6.75		10.98		85

		-6.75		-16.47		85				-6.75		-16.47		85

		1.75		-76.86		85				1.75		-76.86		85

		-5.5		18.3		84				-5.5		18.3		84

		-6		-29.28		84				-6		-29.28		84

		-1		-76.86		84				-1		-76.86		84

		1		-78.69		84				1		-78.69		84

		-3		14.64		83				-3		14.64		83

		1.75		-69.54		83				1.75		-69.54		83

		-1.75		-75.03		83				-1.75		-75.03		83

		1.75		-78.69		82				1.75		-78.69		82

		-5.5		16.47		81				-5.5		16.47		81

		-5.5		-36.6		81				-5.5		-36.6		81

		-4.75		-49.41		81				-4.75		-49.41		81

		-4		18.3		80				-4		18.3		80

		-6.5		14.64		80				-6.5		14.64		80

		-7		1.83		80				-7		1.83		80

		-5.25		-38.43		80				-5.25		-38.43		80

		-1.5		-76.86		80				-1.5		-76.86		80

		1.25		-78.69		80				1.25		-78.69		80

		-5		20.13		79				-5		20.13		79

		-6.5		16.47		79				-6.5		16.47		79

		-6.25		-25.62		79				-6.25		-25.62		79

		2		-45.75		79				2		-45.75		79

		-1.5		-75.03		79				-1.5		-75.03		79

		-0.75		-80.52		79				-0.75		-80.52		79

		-3.25		16.47		78				-3.25		16.47		78

		-6.5		-21.96		78				-6.5		-21.96		78

		-5.75		-34.77		78				-5.75		-34.77		78

		0.75		-80.52		78				0.75		-80.52		78

		0		-3.66		77				0		-3.66		77

		0		-5.49		77				0		-5.49		77

		-5.25		-40.26		77				-5.25		-40.26		77

		-3.25		-62.22		77				-3.25		-62.22		77

		0.25		-80.52		77				0.25		-80.52		77

		0		-80.52		77				0		-80.52		77

		1.25		-25.62		76				1.25		-25.62		76

		-3.5		-60.39		76				-3.5		-60.39		76

		-7		3.66		75				-7		3.66		75

		-6.75		-18.3		75				-6.75		-18.3		75

		-1.75		-73.2		75				-1.75		-73.2		75

		-1.25		7.32		74				-1.25		7.32		74

		-7		-1.83		74				-7		-1.83		74

		-7.25		-1.83		74				-7.25		-1.83		74

		1.75		-36.6		74				1.75		-36.6		74

		-4.5		-51.24		74				-4.5		-51.24		74

		2.25		-58.56		74				2.25		-58.56		74

		1.75		-73.2		74				1.75		-73.2		74

		1		-80.52		74				1		-80.52		74

		-4.25		20.13		73				-4.25		20.13		73

		-7		9.15		73				-7		9.15		73

		1		-18.3		73				1		-18.3		73

		-5.5		-38.43		73				-5.5		-38.43		73

		0.5		-82.35		73				0.5		-82.35		73

		-6		16.47		72				-6		16.47		72

		-2.5		12.81		72				-2.5		12.81		72

		-7		5.49		72				-7		5.49		72

		-6.25		-27.45		72				-6.25		-27.45		72

		-5.25		18.3		71				-5.25		18.3		71

		-5.75		18.3		71				-5.75		18.3		71

		-3		16.47		71				-3		16.47		71

		-6.75		14.64		71				-6.75		14.64		71

		-7		12.81		71				-7		12.81		71

		-6.75		-14.64		71				-6.75		-14.64		71

		1.75		-75.03		71				1.75		-75.03		71

		-6		20.13		70				-6		20.13		70

		-4.5		18.3		70				-4.5		18.3		70

		-1.5		9.15		70				-1.5		9.15		70

		-0.5		-2.84E-14		70				-0.5		-2.84E-14		70

		-6.5		-23.79		70				-6.5		-23.79		70

		-4		-56.73		70				-4		-56.73		70

		-2.25		-69.54		70				-2.25		-69.54		70

		-3.25		18.3		69				-3.25		18.3		69

		-5		18.3		69				-5		18.3		69

		-2.5		14.64		69				-2.5		14.64		69

		-4.25		-53.07		69				-4.25		-53.07		69

		2.25		-67.71		69				2.25		-67.71		69

		2		-69.54		69				2		-69.54		69

		-2		10.98		68				-2		10.98		68

		-5.25		-42.09		68				-5.25		-42.09		68

		-4		-54.9		68				-4		-54.9		68

		2		-67.71		68				2		-67.71		68

		0.75		-82.35		68				0.75		-82.35		68

		-5.25		20.13		67				-5.25		20.13		67

		-2.75		14.64		67				-2.75		14.64		67

		-7		-9.15		67				-7		-9.15		67

		-6.75		-12.81		67				-6.75		-12.81		67

		1.75		-34.77		67				1.75		-34.77		67

		-3.5		-62.22		67				-3.5		-62.22		67

		2		-65.88		67				2		-65.88		67

		1		-82.35		67				1		-82.35		67

		-6.5		18.3		66				-6.5		18.3		66

		0.5		-10.98		66				0.5		-10.98		66

		-6.75		-10.98		66				-6.75		-10.98		66

		-0.5		-82.35		66				-0.5		-82.35		66

		-7.25		7.32		65				-7.25		7.32		65

		-7		-12.81		65				-7		-12.81		65

		-3		-65.88		65				-3		-65.88		65

		-1.25		-78.69		65				-1.25		-78.69		65

		-4.5		20.13		64				-4.5		20.13		64

		-3.75		18.3		64				-3.75		18.3		64

		-7		-5.49		64				-7		-5.49		64

		1.25		-23.79		64				1.25		-23.79		64

		-3.75		-58.56		64				-3.75		-58.56		64

		1.25		-80.52		64				1.25		-80.52		64

		-0.75		-82.35		64				-0.75		-82.35		64

		-4.75		21.96		63				-4.75		21.96		63

		-4		20.13		63				-4		20.13		63

		2		-47.58		63				2		-47.58		63

		-1.25		-76.86		63				-1.25		-76.86		63

		-6.25		18.3		62				-6.25		18.3		62

		-2.25		12.81		62				-2.25		12.81		62

		0.25		-7.32		62				0.25		-7.32		62

		-7		-10.98		62				-7		-10.98		62

		0.75		-14.64		62				0.75		-14.64		62

		2		-43.92		62				2		-43.92		62

		2.25		-69.54		62				2.25		-69.54		62

		-2.5		-69.54		62				-2.5		-69.54		62

		-5.25		21.96		61				-5.25		21.96		61

		-5.75		20.13		61				-5.75		20.13		61

		-7		14.64		61				-7		14.64		61

		-7		10.98		61				-7		10.98		61

		-7.25		1.83		61				-7.25		1.83		61

		-7		-7.32		61				-7		-7.32		61

		-5.5		21.96		60				-5.5		21.96		60

		-4.75		20.13		60				-4.75		20.13		60

		-3.5		18.3		60				-3.5		18.3		60

		2		-75.03		60				2		-75.03		60

		-0.25		-80.52		60				-0.25		-80.52		60

		-6.75		16.47		59				-6.75		16.47		59

		1.25		-21.96		59				1.25		-21.96		59

		-6		-31.11		59				-6		-31.11		59

		-2		-73.2		59				-2		-73.2		59

		-1		-78.69		59				-1		-78.69		59

		-0.5		-80.52		59				-0.5		-80.52		59

		-0.25		-82.35		59				-0.25		-82.35		59

		-0.5		1.83		58				-0.5		1.83		58

		-7		-3.66		58				-7		-3.66		58

		-6		18.3		57				-6		18.3		57

		-6.75		18.3		57				-6.75		18.3		57

		1.5		-29.28		57				1.5		-29.28		57

		-5		-45.75		57				-5		-45.75		57

		-5		-47.58		57				-5		-47.58		57

		2.25		-56.73		57				2.25		-56.73		57

		2.25		-60.39		57				2.25		-60.39		57

		-2.75		-67.71		57				-2.75		-67.71		57

		-0.75		3.66		56				-0.75		3.66		56

		-7.25		-12.81		56				-7.25		-12.81		56

		1.5		-82.35		56				1.5		-82.35		56

		-6.5		20.13		55				-6.5		20.13		55

		0		-1.83		55				0		-1.83		55

		-7.25		-3.66		55				-7.25		-3.66		55

		-5.25		-43.92		55				-5.25		-43.92		55

		-3.25		-64.05		55				-3.25		-64.05		55

		1.75		-80.52		55				1.75		-80.52		55

		-5		21.96		54				-5		21.96		54

		-6.5		-27.45		54				-6.5		-27.45		54

		2.25		-62.22		54				2.25		-62.22		54

		2.25		-73.2		54				2.25		-73.2		54

		2		-76.86		54				2		-76.86		54

		1.25		-84.18		54				1.25		-84.18		54

		-0.25		-84.18		54				-0.25		-84.18		54

		-6.25		20.13		53				-6.25		20.13		53

		-1		5.49		53				-1		5.49		53

		-7.5		1.83		53				-7.5		1.83		53

		0.5		-9.15		53				0.5		-9.15		53

		-6		-34.77		53				-6		-34.77		53

		2.25		-64.05		53				2.25		-64.05		53

		2		-73.2		53				2		-73.2		53

		-5.5		20.13		52				-5.5		20.13		52

		-0.25		-1.83		52				-0.25		-1.83		52

		-4.75		-51.24		52				-4.75		-51.24		52

		2.25		-53.07		52				2.25		-53.07		52

		2.25		-71.37		52				2.25		-71.37		52

		2		-78.69		52				2		-78.69		52

		-6.5		21.96		51				-6.5		21.96		51

		-7.25		5.49		51				-7.25		5.49		51

		-0.25		-2.84E-14		51				-0.25		-2.84E-14		51

		-7.25		-2.84E-14		51				-7.25		-2.84E-14		51

		-5.75		-36.6		51				-5.75		-36.6		51

		-5.5		-42.09		51				-5.5		-42.09		51

		2.25		-65.88		51				2.25		-65.88		51

		2		-71.37		51				2		-71.37		51

		0.25		-84.18		51				0.25		-84.18		51

		-6		21.96		50				-6		21.96		50

		-7.25		3.66		50				-7.25		3.66		50

		2		-42.09		50				2		-42.09		50

		0		-82.35		50				0		-82.35		50

		-4.5		21.96		49				-4.5		21.96		49

		-7		16.47		49				-7		16.47		49

		-7		-16.47		49				-7		-16.47		49

		-6.25		-32.94		49				-6.25		-32.94		49

		-4.25		-54.9		49				-4.25		-54.9		49

		2		-80.52		49				2		-80.52		49

		0.75		-86.01		49				0.75		-86.01		49

		-5.5		23.79		48				-5.5		23.79		48

		-3.75		20.13		48				-3.75		20.13		48

		-2		12.81		48				-2		12.81		48

		-6.75		-20.13		48				-6.75		-20.13		48

		-6.25		-29.28		48				-6.25		-29.28		48

		2		-40.26		48				2		-40.26		48

		2.25		-49.41		48				2.25		-49.41		48

		2.25		-54.9		48				2.25		-54.9		48

		1.75		-82.35		48				1.75		-82.35		48

		-3		18.3		47				-3		18.3		47

		-7.25		12.81		47				-7.25		12.81		47

		-6.5		-25.62		47				-6.5		-25.62		47

		-5.5		-40.26		47				-5.5		-40.26		47

		-5		-49.41		47				-5		-49.41		47

		2.25		-51.24		47				2.25		-51.24		47

		-4.5		-53.07		47				-4.5		-53.07		47

		-5.75		23.79		46				-5.75		23.79		46

		-6.75		23.79		46				-6.75		23.79		46

		-5.25		-45.75		46				-5.25		-45.75		46

		-3.75		-60.39		46				-3.75		-60.39		46

		1.25		-82.35		46				1.25		-82.35		46

		1.5		-84.18		46				1.5		-84.18		46

		-5		23.79		45				-5		23.79		45

		-4.25		21.96		45				-4.25		21.96		45

		-1.75		10.98		45				-1.75		10.98		45

		1.25		-18.3		45				1.25		-18.3		45

		-6		-32.94		45				-6		-32.94		45

		2.25		-75.03		45				2.25		-75.03		45

		-7		18.3		44				-7		18.3		44

		-2.5		16.47		44				-2.5		16.47		44

		-7.5		10.98		44				-7.5		10.98		44

		-7.5		3.66		44				-7.5		3.66		44

		-7		-14.64		44				-7		-14.64		44

		1		-16.47		44				1		-16.47		44

		1.75		-32.94		44				1.75		-32.94		44

		-4		-58.56		44				-4		-58.56		44

		-1.75		-76.86		44				-1.75		-76.86		44

		1.75		-84.18		44				1.75		-84.18		44

		0.75		-84.18		44				0.75		-84.18		44

		0.5		-84.18		44				0.5		-84.18		44

		-5.75		21.96		43				-5.75		21.96		43

		-6.75		20.13		43				-6.75		20.13		43

		-2.75		16.47		43				-2.75		16.47		43

		-7.25		10.98		43				-7.25		10.98		43

		0.75		-10.98		43				0.75		-10.98		43

		2.5		-64.05		43				2.5		-64.05		43

		-1		-82.35		43				-1		-82.35		43

		-3.5		20.13		42				-3.5		20.13		42

		-7		20.13		42				-7		20.13		42

		-7.25		18.3		42				-7.25		18.3		42

		-7.75		10.98		42				-7.75		10.98		42

		-7.5		-5.49		42				-7.5		-5.49		42

		0.75		-12.81		42				0.75		-12.81		42

		-6.75		-21.96		42				-6.75		-21.96		42

		-5.75		-38.43		42				-5.75		-38.43		42

		-4.75		-53.07		42				-4.75		-53.07		42

		-3.75		-62.22		42				-3.75		-62.22		42

		0.25		-82.35		42				0.25		-82.35		42

		-7.5		20.13		41				-7.5		20.13		41

		-1.25		9.15		41				-1.25		9.15		41

		-7.5		5.49		41				-7.5		5.49		41

		2.25		-45.75		41				2.25		-45.75		41

		-0.75		-84.18		41				-0.75		-84.18		41

		-2.25		14.64		40				-2.25		14.64		40

		-1		7.32		40				-1		7.32		40

		-7.5		-3.66		40				-7.5		-3.66		40

		0.25		-5.49		40				0.25		-5.49		40

		1		-12.81		40				1		-12.81		40

		-6.75		-23.79		40				-6.75		-23.79		40

		2.5		-60.39		40				2.5		-60.39		40

		-3.5		-64.05		40				-3.5		-64.05		40

		2.5		-67.71		40				2.5		-67.71		40

		-2		-75.03		40				-2		-75.03		40

		-6.75		21.96		39				-6.75		21.96		39

		-7.5		18.3		39				-7.5		18.3		39

		-7.25		14.64		39				-7.25		14.64		39

		1.5		-27.45		39				1.5		-27.45		39

		2.5		-65.88		39				2.5		-65.88		39

		-3		-67.71		39				-3		-67.71		39

		2		-82.35		39				2		-82.35		39

		1		-84.18		39				1		-84.18		39

		1		-86.01		39				1		-86.01		39

		-7.75		18.3		38				-7.75		18.3		38

		-7.25		16.47		38				-7.25		16.47		38

		-7.5		12.81		38				-7.5		12.81		38

		-7.5		7.32		38				-7.5		7.32		38

		-0.75		5.49		38				-0.75		5.49		38

		0.5		-7.32		38				0.5		-7.32		38

		-7.25		-9.15		38				-7.25		-9.15		38

		-6		-36.6		38				-6		-36.6		38

		2.25		-47.58		38				2.25		-47.58		38

		-4.25		-56.73		38				-4.25		-56.73		38

		2.5		-69.54		38				2.5		-69.54		38

		-7.25		20.13		37				-7.25		20.13		37

		-7.5		14.64		37				-7.5		14.64		37

		-1.5		10.98		37				-1.5		10.98		37

		-7.25		-5.49		37				-7.25		-5.49		37

		-7.25		-14.64		37				-7.25		-14.64		37

		1.5		-25.62		37				1.5		-25.62		37

		2		-38.43		37				2		-38.43		37

		-2.75		-69.54		37				-2.75		-69.54		37

		-2.5		-71.37		37				-2.5		-71.37		37

		-2.25		-73.2		37				-2.25		-73.2		37

		2.5		-76.86		37				2.5		-76.86		37

		-5.25		23.79		36				-5.25		23.79		36

		-7.5		9.15		36				-7.5		9.15		36

		-7.25		-10.98		36				-7.25		-10.98		36

		-2.25		-75.03		36				-2.25		-75.03		36

		0.5		-86.01		36				0.5		-86.01		36

		1.75		-87.84		36				1.75		-87.84		36

		-6.75		25.62		35				-6.75		25.62		35

		-7		21.96		35				-7		21.96		35

		-1.75		12.81		35				-1.75		12.81		35

		-7.75		12.81		35				-7.75		12.81		35

		-7.5		-10.98		35				-7.5		-10.98		35

		-7.25		-18.3		35				-7.25		-18.3		35

		1.25		-20.13		35				1.25		-20.13		35

		-7		-21.96		35				-7		-21.96		35

		-1		-80.52		35				-1		-80.52		35

		-1		-84.18		35				-1		-84.18		35

		0.5		-87.84		35				0.5		-87.84		35

		-4		21.96		34				-4		21.96		34

		-7.5		16.47		34				-7.5		16.47		34

		1.75		-31.11		34				1.75		-31.11		34

		-5		-51.24		34				-5		-51.24		34

		-1.5		-78.69		34				-1.5		-78.69		34

		1.75		-86.01		34				1.75		-86.01		34

		-5.25		25.62		33				-5.25		25.62		33

		-4.5		23.79		33				-4.5		23.79		33

		-7		23.79		33				-7		23.79		33

		-7.25		9.15		33				-7.25		9.15		33

		-7.75		5.49		33				-7.75		5.49		33

		-7.25		-7.32		33				-7.25		-7.32		33

		-7.5		-9.15		33				-7.5		-9.15		33

		-6.5		-29.28		33				-6.5		-29.28		33

		2.5		-56.73		33				2.5		-56.73		33

		2.5		-71.37		33				2.5		-71.37		33

		2.25		-76.86		33				2.25		-76.86		33

		-0.5		-84.18		33				-0.5		-84.18		33

		1.25		-86.01		33				1.25		-86.01		33

		-0.25		-86.01		33				-0.25		-86.01		33

		-0.75		-86.01		33				-0.75		-86.01		33

		0.75		-87.84		33				0.75		-87.84		33

		-7.5		25.62		32				-7.5		25.62		32

		-6.25		23.79		32				-6.25		23.79		32

		-7.75		14.64		32				-7.75		14.64		32

		-0.5		3.66		32				-0.5		3.66		32

		-8		1.83		32				-8		1.83		32

		0.25		-3.66		32				0.25		-3.66		32

		0.75		-7.32		32				0.75		-7.32		32

		1		-14.64		32				1		-14.64		32

		-6.25		-34.77		32				-6.25		-34.77		32

		2.75		-69.54		32				2.75		-69.54		32

		0.25		-86.01		32				0.25		-86.01		32

		-6.5		29.28		31				-6.5		29.28		31

		-5.75		25.62		31				-5.75		25.62		31

		-7		25.62		31				-7		25.62		31

		-6.5		23.79		31				-6.5		23.79		31

		-8		18.3		31				-8		18.3		31

		-7.75		1.83		31				-7.75		1.83		31

		-7		-18.3		31				-7		-18.3		31

		-5.75		-40.26		31				-5.75		-40.26		31

		-5.5		-43.92		31				-5.5		-43.92		31

		2.75		-64.05		31				2.75		-64.05		31

		-2.5		-73.2		31				-2.5		-73.2		31

		0		-84.18		31				0		-84.18		31

		1.25		-89.67		31				1.25		-89.67		31

		-6		25.62		30				-6		25.62		30

		-7.75		3.66		30				-7.75		3.66		30

		0.75		-9.15		30				0.75		-9.15		30

		-7.25		-16.47		30				-7.25		-16.47		30

		-7		-20.13		30				-7		-20.13		30

		-7.25		-20.13		30				-7.25		-20.13		30

		-6.75		-25.62		30				-6.75		-25.62		30

		-6.25		-31.11		30				-6.25		-31.11		30

		2.5		-62.22		30				2.5		-62.22		30

		2.75		-65.88		30				2.75		-65.88		30

		-1.5		-80.52		30				-1.5		-80.52		30

		2		-84.18		30				2		-84.18		30

		-7.75		27.45		29				-7.75		27.45		29

		-5.5		25.62		29				-5.5		25.62		29

		-6.25		25.62		29				-6.25		25.62		29

		-6.5		25.62		29				-6.5		25.62		29

		-7.75		23.79		29				-7.75		23.79		29

		-7.25		21.96		29				-7.25		21.96		29

		-7.5		21.96		29				-7.5		21.96		29

		-2.5		18.3		29				-2.5		18.3		29

		-2.25		16.47		29				-2.25		16.47		29

		2		-32.94		29				2		-32.94		29

		-5.5		-47.58		29				-5.5		-47.58		29

		-4.5		-56.73		29				-4.5		-56.73		29

		2.5		-73.2		29				2.5		-73.2		29

		0.25		-87.84		29				0.25		-87.84		29

		-6.5		27.45		28				-6.5		27.45		28

		-6		23.79		28				-6		23.79		28

		-7.25		23.79		28				-7.25		23.79		28

		-6.25		21.96		28				-6.25		21.96		28

		-7.75		16.47		28				-7.75		16.47		28

		-8		12.81		28				-8		12.81		28

		-7.75		9.15		28				-7.75		9.15		28

		-7.75		7.32		28				-7.75		7.32		28

		-8		7.32		28				-8		7.32		28

		-7.5		-1.83		28				-7.5		-1.83		28

		-7.5		-12.81		28				-7.5		-12.81		28

		1.5		-23.79		28				1.5		-23.79		28

		1.75		-29.28		28				1.75		-29.28		28

		2.5		-54.9		28				2.5		-54.9		28

		2.5		-75.03		28				2.5		-75.03		28

		1.25		-87.84		28				1.25		-87.84		28

		-7.25		25.62		27				-7.25		25.62		27

		-7.75		20.13		27				-7.75		20.13		27

		-8		14.64		27				-8		14.64		27

		-1.5		12.81		27				-1.5		12.81		27

		-8		9.15		27				-8		9.15		27

		-0.75		7.32		27				-0.75		7.32		27

		1		-10.98		27				1		-10.98		27

		-5.75		-43.92		27				-5.75		-43.92		27

		-5.5		-45.75		27				-5.5		-45.75		27

		-3		-69.54		27				-3		-69.54		27

		1		-87.84		27				1		-87.84		27

		0		-87.84		27				0		-87.84		27

		-7.25		27.45		26				-7.25		27.45		26

		-4.75		23.79		26				-4.75		23.79		26

		-7.5		23.79		26				-7.5		23.79		26

		-3.25		20.13		26				-3.25		20.13		26

		-7.75		-3.66		26				-7.75		-3.66		26

		-6.5		-31.11		26				-6.5		-31.11		26

		-6		-42.09		26				-6		-42.09		26

		-5.25		-47.58		26				-5.25		-47.58		26

		2.5		-51.24		26				2.5		-51.24		26

		2.5		-53.07		26				2.5		-53.07		26

		-4		-60.39		26				-4		-60.39		26

		2.75		-62.22		26				2.75		-62.22		26

		-3.25		-65.88		26				-3.25		-65.88		26

		-2		-76.86		26				-2		-76.86		26

		2.25		-78.69		26				2.25		-78.69		26

		-7		29.28		25				-7		29.28		25

		-5.5		27.45		25				-5.5		27.45		25

		-6.25		27.45		25				-6.25		27.45		25

		-7.5		27.45		25				-7.5		27.45		25

		-5		25.62		25				-5		25.62		25

		-4		23.79		25				-4		23.79		25

		-7.75		21.96		25				-7.75		21.96		25

		-3		20.13		25				-3		20.13		25

		-7.75		-2.84E-14		25				-7.75		-2.84E-14		25

		-7.75		-1.83		25				-7.75		-1.83		25

		1		-7.32		25				1		-7.32		25

		-7.5		-7.32		25				-7.5		-7.32		25

		1.75		-25.62		25				1.75		-25.62		25

		2		-36.6		25				2		-36.6		25

		2.25		-42.09		25				2.25		-42.09		25

		-5.75		-42.09		25				-5.75		-42.09		25

		-4.5		-54.9		25				-4.5		-54.9		25

		2.75		-71.37		25				2.75		-71.37		25

		2.25		-82.35		25				2.25		-82.35		25

		2		-86.01		25				2		-86.01		25

		-3.5		21.96		24				-3.5		21.96		24

		-2.75		18.3		24				-2.75		18.3		24

		-1.25		12.81		24				-1.25		12.81		24

		-8.25		10.98		24				-8.25		10.98		24

		-0.25		1.83		24				-0.25		1.83		24

		-8		-5.49		24				-8		-5.49		24

		-7.5		-18.3		24				-7.5		-18.3		24

		-1.25		-80.52		24				-1.25		-80.52		24

		-1.25		-82.35		24				-1.25		-82.35		24

		0		-89.67		24				0		-89.67		24

		1.5		-91.5		24				1.5		-91.5		24

		-8.5		25.62		23				-8.5		25.62		23

		-3.75		23.79		23				-3.75		23.79		23

		-8.25		18.3		23				-8.25		18.3		23

		-7.5		-2.84E-14		23				-7.5		-2.84E-14		23

		-7.75		-7.32		23				-7.75		-7.32		23

		1.5		-20.13		23				1.5		-20.13		23

		2.25		-43.92		23				2.25		-43.92		23

		2.5		-47.58		23				2.5		-47.58		23

		2.75		-56.73		23				2.75		-56.73		23

		-3.75		-64.05		23				-3.75		-64.05		23

		0		-86.01		23				0		-86.01		23

		1.5		-87.84		23				1.5		-87.84		23

		1.75		-89.67		23				1.75		-89.67		23

		-0.25		3.66		22				-0.25		3.66		22

		-8.25		3.66		22				-8.25		3.66		22

		0		1.83		22				0		1.83		22

		-7.5		-16.47		22				-7.5		-16.47		22

		-6.75		-27.45		22				-6.75		-27.45		22

		-5.25		-49.41		22				-5.25		-49.41		22

		2.75		-60.39		22				2.75		-60.39		22

		2.25		-86.01		22				2.25		-86.01		22

		1.5		-86.01		22				1.5		-86.01		22

		1.25		-91.5		22				1.25		-91.5		22

		-6.75		32.94		21				-6.75		32.94		21

		-7.5		32.94		21				-7.5		32.94		21

		-6.75		29.28		21				-6.75		29.28		21

		-7.25		29.28		21				-7.25		29.28		21

		-3.75		21.96		21				-3.75		21.96		21

		-8.25		20.13		21				-8.25		20.13		21

		-1.75		14.64		21				-1.75		14.64		21

		-1.25		10.98		21				-1.25		10.98		21

		-0.75		9.15		21				-0.75		9.15		21

		0		-2.84E-14		21				0		-2.84E-14		21

		-7.75		-10.98		21				-7.75		-10.98		21

		2		-34.77		21				2		-34.77		21

		-6		-40.26		21				-6		-40.26		21

		2.75		-58.56		21				2.75		-58.56		21

		2.5		-58.56		21				2.5		-58.56		21

		2.75		-67.71		21				2.75		-67.71		21

		2.75		-75.03		21				2.75		-75.03		21

		-1.75		-78.69		21				-1.75		-78.69		21

		2.75		-80.52		21				2.75		-80.52		21

		-1.5		-84.18		21				-1.5		-84.18		21

		-0.5		-86.01		21				-0.5		-86.01		21

		2		-87.84		21				2		-87.84		21

		-7.75		38.43		20				-7.75		38.43		20

		-6.5		31.11		20				-6.5		31.11		20

		-7		27.45		20				-7		27.45		20

		-7.75		25.62		20				-7.75		25.62		20

		-8		16.47		20				-8		16.47		20

		-2		14.64		20				-2		14.64		20

		-1		9.15		20				-1		9.15		20

		-8		5.49		20				-8		5.49		20

		1.75		-27.45		20				1.75		-27.45		20

		2.5		-49.41		20				2.5		-49.41		20

		2.75		-78.69		20				2.75		-78.69		20

		2.5		-78.69		20				2.5		-78.69		20

		1		-89.67		20				1		-89.67		20

		-7.75		32.94		19				-7.75		32.94		19

		-5.75		31.11		19				-5.75		31.11		19

		-6.75		27.45		19				-6.75		27.45		19

		-4.25		25.62		19				-4.25		25.62		19

		-2		18.3		19				-2		18.3		19

		0		3.66		19				0		3.66		19

		-8		-1.83		19				-8		-1.83		19

		0.5		-5.49		19				0.5		-5.49		19

		1.5		-18.3		19				1.5		-18.3		19

		-7		-23.79		19				-7		-23.79		19

		-6.25		-36.6		19				-6.25		-36.6		19

		-6		-38.43		19				-6		-38.43		19

		2.75		-51.24		19				2.75		-51.24		19

		-5		-53.07		19				-5		-53.07		19

		-4.25		-58.56		19				-4.25		-58.56		19

		3		-69.54		19				3		-69.54		19

		-3		-71.37		19				-3		-71.37		19

		2.5		-82.35		19				2.5		-82.35		19

		1.5		-89.67		19				1.5		-89.67		19

		-0.25		-89.67		19				-0.25		-89.67		19

		1.75		-91.5		19				1.75		-91.5		19

		0.75		-91.5		19				0.75		-91.5		19

		-6.75		34.77		18				-6.75		34.77		18

		-6.25		31.11		18				-6.25		31.11		18

		-5.25		29.28		18				-5.25		29.28		18

		-5.5		29.28		18				-5.5		29.28		18

		-5		27.45		18				-5		27.45		18

		-8.5		27.45		18				-8.5		27.45		18

		-8		23.79		18				-8		23.79		18

		-8		21.96		18				-8		21.96		18

		-8.25		12.81		18				-8.25		12.81		18

		-8		10.98		18				-8		10.98		18

		-0.5		5.49		18				-0.5		5.49		18

		1.5		-21.96		18				1.5		-21.96		18

		-7.25		-21.96		18				-7.25		-21.96		18

		2		-29.28		18				2		-29.28		18

		-7		-29.28		18				-7		-29.28		18

		2.25		-36.6		18				2.25		-36.6		18

		2.5		-45.75		18				2.5		-45.75		18

		-4		-62.22		18				-4		-62.22		18

		-2.75		-71.37		18				-2.75		-71.37		18

		2.75		-73.2		18				2.75		-73.2		18

		-2.75		-73.2		18				-2.75		-73.2		18

		-2		-78.69		18				-2		-78.69		18

		2.5		-80.52		18				2.5		-80.52		18

		2.25		-80.52		18				2.25		-80.52		18

		0.25		-89.67		18				0.25		-89.67		18

		1		-91.5		18				1		-91.5		18

		0.5		-91.5		18				0.5		-91.5		18

		-7		34.77		17				-7		34.77		17

		-7.25		34.77		17				-7.25		34.77		17

		-7.5		34.77		17				-7.5		34.77		17

		-6.5		32.94		17				-6.5		32.94		17

		-7		31.11		17				-7		31.11		17

		-5.25		27.45		17				-5.25		27.45		17

		-4.25		23.79		17				-4.25		23.79		17

		-8		20.13		17				-8		20.13		17

		-9		18.3		17				-9		18.3		17

		-8.25		16.47		17				-8.25		16.47		17

		-8.25		14.64		17				-8.25		14.64		17

		-8.5		10.98		17				-8.5		10.98		17

		-8		3.66		17				-8		3.66		17

		-8.5		3.66		17				-8.5		3.66		17

		0.25		-2.84E-14		17				0.25		-2.84E-14		17

		-7.75		-5.49		17				-7.75		-5.49		17

		1		-9.15		17				1		-9.15		17

		-7.75		-9.15		17				-7.75		-9.15		17

		1.75		-23.79		17				1.75		-23.79		17

		-7		-25.62		17				-7		-25.62		17

		-6.75		-29.28		17				-6.75		-29.28		17

		2.5		-43.92		17				2.5		-43.92		17

		-3.5		-65.88		17				-3.5		-65.88		17

		-3.75		-65.88		17				-3.75		-65.88		17

		2.75		-76.86		17				2.75		-76.86		17

		-2.25		-76.86		17				-2.25		-76.86		17

		-1.5		-82.35		17				-1.5		-82.35		17

		-0.25		-87.84		17				-0.25		-87.84		17

		0.75		-89.67		17				0.75		-89.67		17

		-0.5		-91.5		17				-0.5		-91.5		17

		1.25		-93.33		17				1.25		-93.33		17

		1		-93.33		17				1		-93.33		17

		-6.75		36.6		16				-6.75		36.6		16

		-6.25		32.94		16				-6.25		32.94		16

		-8		31.11		16				-8		31.11		16

		-5		29.28		16				-5		29.28		16

		-7.75		29.28		16				-7.75		29.28		16

		-6		27.45		16				-6		27.45		16

		-8.75		27.45		16				-8.75		27.45		16

		-4.5		25.62		16				-4.5		25.62		16

		-3.25		21.96		16				-3.25		21.96		16

		-8.75		20.13		16				-8.75		20.13		16

		-8.5		18.3		16				-8.5		18.3		16

		-2		16.47		16				-2		16.47		16

		-1.5		14.64		16				-1.5		14.64		16

		-8.5		9.15		16				-8.5		9.15		16

		-8.25		5.49		16				-8.25		5.49		16

		0.75		-5.49		16				0.75		-5.49		16

		-8		-7.32		16				-8		-7.32		16

		-8		-9.15		16				-8		-9.15		16

		-7.75		-12.81		16				-7.75		-12.81		16

		1.25		-16.47		16				1.25		-16.47		16

		2		-31.11		16				2		-31.11		16

		-7		-31.11		16				-7		-31.11		16

		2.25		-40.26		16				2.25		-40.26		16

		-5.25		-51.24		16				-5.25		-51.24		16

		2.75		-53.07		16				2.75		-53.07		16

		3		-54.9		16				3		-54.9		16

		2.75		-54.9		16				2.75		-54.9		16

		-4.25		-62.22		16				-4.25		-62.22		16

		-3.25		-67.71		16				-3.25		-67.71		16

		3		-73.2		16				3		-73.2		16

		-1.75		-82.35		16				-1.75		-82.35		16

		2.25		-84.18		16				2.25		-84.18		16

		-1.25		-84.18		16				-1.25		-84.18		16

		0.5		-89.67		16				0.5		-89.67		16

		-8.25		31.11		15				-8.25		31.11		15

		-4.5		27.45		15				-4.5		27.45		15

		-4		25.62		15				-4		25.62		15

		0.25		-1.83		15				0.25		-1.83		15

		-8		-10.98		15				-8		-10.98		15

		-7.75		-18.3		15				-7.75		-18.3		15

		-5.5		-49.41		15				-5.5		-49.41		15

		-4.25		-60.39		15				-4.25		-60.39		15

		-4		-65.88		15				-4		-65.88		15

		-3.25		-69.54		15				-3.25		-69.54		15

		-3.25		-71.37		15				-3.25		-71.37		15

		2.75		-82.35		15				2.75		-82.35		15

		-8.75		40.26		14				-8.75		40.26		14

		-7.75		34.77		14				-7.75		34.77		14

		-5		32.94		14				-5		32.94		14

		-6.75		31.11		14				-6.75		31.11		14

		-7.5		31.11		14				-7.5		31.11		14

		-6.25		29.28		14				-6.25		29.28		14

		-8.25		29.28		14				-8.25		29.28		14

		-4.75		27.45		14				-4.75		27.45		14

		-5.75		27.45		14				-5.75		27.45		14

		-4.75		25.62		14				-4.75		25.62		14

		-8.25		23.79		14				-8.25		23.79		14

		-3		21.96		14				-3		21.96		14

		-8.25		21.96		14				-8.25		21.96		14

		-2.5		20.13		14				-2.5		20.13		14

		-2.75		20.13		14				-2.75		20.13		14

		-9.25		16.47		14				-9.25		16.47		14

		-1		10.98		14				-1		10.98		14

		-8.25		-10.98		14				-8.25		-10.98		14

		1.5		-14.64		14				1.5		-14.64		14

		-7.5		-14.64		14				-7.5		-14.64		14

		1.5		-16.47		14				1.5		-16.47		14

		-7.75		-16.47		14				-7.75		-16.47		14

		-7.25		-29.28		14				-7.25		-29.28		14

		-6.5		-32.94		14				-6.5		-32.94		14

		-6.25		-40.26		14				-6.25		-40.26		14

		-6.25		-42.09		14				-6.25		-42.09		14

		-5.75		-45.75		14				-5.75		-45.75		14

		-4.75		-54.9		14				-4.75		-54.9		14

		-4.5		-58.56		14				-4.5		-58.56		14

		3		-64.05		14				3		-64.05		14

		3		-71.37		14				3		-71.37		14

		-2.75		-75.03		14				-2.75		-75.03		14

		-1.75		-80.52		14				-1.75		-80.52		14

		-1.25		-86.01		14				-1.25		-86.01		14

		-0.75		-87.84		14				-0.75		-87.84		14

		-1		-87.84		14				-1		-87.84		14

		-6		32.94		13				-6		32.94		13

		-8		27.45		13				-8		27.45		13

		-8.25		25.62		13				-8.25		25.62		13

		-9.5		18.3		13				-9.5		18.3		13

		-8.5		12.81		13				-8.5		12.81		13

		-0.75		10.98		13				-0.75		10.98		13

		-8.25		7.32		13				-8.25		7.32		13

		-8.25		1.83		13				-8.25		1.83		13

		-8.25		-1.83		13				-8.25		-1.83		13

		0.5		-3.66		13				0.5		-3.66		13

		-8.25		-5.49		13				-8.25		-5.49		13

		1.25		-12.81		13				1.25		-12.81		13

		1.75		-20.13		13				1.75		-20.13		13

		-7.25		-23.79		13				-7.25		-23.79		13

		-7		-27.45		13				-7		-27.45		13

		-6.75		-31.11		13				-6.75		-31.11		13

		-6.75		-34.77		13				-6.75		-34.77		13

		-6.5		-42.09		13				-6.5		-42.09		13

		-5.75		-47.58		13				-5.75		-47.58		13

		3		-53.07		13				3		-53.07		13

		-2.75		-76.86		13				-2.75		-76.86		13

		3		-80.52		13				3		-80.52		13

		2.5		-84.18		13				2.5		-84.18		13

		-0.5		-89.67		13				-0.5		-89.67		13

		0		-91.5		13				0		-91.5		13

		2		-96.99		13				2		-96.99		13

		-6.75		40.26		12				-6.75		40.26		12

		-7		38.43		12				-7		38.43		12

		-7		32.94		12				-7		32.94		12

		-8.25		32.94		12				-8.25		32.94		12

		-4		27.45		12				-4		27.45		12

		-8.25		27.45		12				-8.25		27.45		12

		-8.5		23.79		12				-8.5		23.79		12

		-8.75		23.79		12				-8.75		23.79		12

		-2.75		21.96		12				-2.75		21.96		12

		-8.5		20.13		12				-8.5		20.13		12

		-8.5		14.64		12				-8.5		14.64		12

		-8.75		10.98		12				-8.75		10.98		12

		-8.25		9.15		12				-8.25		9.15		12

		-8.75		9.15		12				-8.75		9.15		12

		-8.5		7.32		12				-8.5		7.32		12

		-8.5		5.49		12				-8.5		5.49		12

		-8.5		1.83		12				-8.5		1.83		12

		-8		-2.84E-14		12				-8		-2.84E-14		12

		-8		-3.66		12				-8		-3.66		12

		-8.25		-12.81		12				-8.25		-12.81		12

		-6.5		-34.77		12				-6.5		-34.77		12

		-6.5		-36.6		12				-6.5		-36.6		12

		2.25		-38.43		12				2.25		-38.43		12

		2.5		-42.09		12				2.5		-42.09		12

		-5.75		-49.41		12				-5.75		-49.41		12

		-5.25		-53.07		12				-5.25		-53.07		12

		-5.25		-54.9		12				-5.25		-54.9		12

		-4.75		-56.73		12				-4.75		-56.73		12

		-4.5		-60.39		12				-4.5		-60.39		12

		3.25		-65.88		12				3.25		-65.88		12

		3		-75.03		12				3		-75.03		12

		2.75		-84.18		12				2.75		-84.18		12

		-0.75		-89.67		12				-0.75		-89.67		12

		2.75		-91.5		12				2.75		-91.5		12

		2.25		-93.33		12				2.25		-93.33		12

		-7.25		38.43		11				-7.25		38.43		11

		-6.25		36.6		11				-6.25		36.6		11

		-6.5		36.6		11				-6.5		36.6		11

		-8.5		36.6		11				-8.5		36.6		11

		-6		34.77		11				-6		34.77		11

		-5.5		32.94		11				-5.5		32.94		11

		-7.25		32.94		11				-7.25		32.94		11

		-7.25		31.11		11				-7.25		31.11		11

		-7.75		31.11		11				-7.75		31.11		11

		-5.75		29.28		11				-5.75		29.28		11

		-7.5		29.28		11				-7.5		29.28		11

		-8		29.28		11				-8		29.28		11

		-8		25.62		11				-8		25.62		11

		-2.5		21.96		11				-2.5		21.96		11

		-8.75		16.47		11				-8.75		16.47		11

		-9		16.47		11				-9		16.47		11

		-8.75		14.64		11				-8.75		14.64		11

		-8.5		-2.84E-14		11				-8.5		-2.84E-14		11

		1.25		-14.64		11				1.25		-14.64		11

		-7.75		-20.13		11				-7.75		-20.13		11

		-7.5		-23.79		11				-7.5		-23.79		11

		-7.25		-31.11		11				-7.25		-31.11		11

		2.25		-34.77		11				2.25		-34.77		11

		3		-58.56		11				3		-58.56		11

		3.25		-60.39		11				3.25		-60.39		11

		-3.5		-67.71		11				-3.5		-67.71		11

		-3.5		-71.37		11				-3.5		-71.37		11

		-2.5		-75.03		11				-2.5		-75.03		11

		3		-82.35		11				3		-82.35		11

		2.5		-93.33		11				2.5		-93.33		11

		2.5		-95.16		11				2.5		-95.16		11

		-0.5		-95.16		11				-0.5		-95.16		11

		-6		38.43		10				-6		38.43		10

		-7.25		36.6		10				-7.25		36.6		10

		-8.75		36.6		10				-8.75		36.6		10

		-5.75		34.77		10				-5.75		34.77		10

		-8		34.77		10				-8		34.77		10

		-8.75		32.94		10				-8.75		32.94		10

		-6		31.11		10				-6		31.11		10

		-4.25		29.28		10				-4.25		29.28		10

		-6		29.28		10				-6		29.28		10

		-3.25		23.79		10				-3.25		23.79		10

		-8.5		21.96		10				-8.5		21.96		10

		-2.25		18.3		10				-2.25		18.3		10

		-9		14.64		10				-9		14.64		10

		-1		12.81		10				-1		12.81		10

		-0.5		7.32		10				-0.5		7.32		10

		-0.25		5.49		10				-0.25		5.49		10

		-8.25		-2.84E-14		10				-8.25		-2.84E-14		10

		0.5		-1.83		10				0.5		-1.83		10

		1.5		-10.98		10				1.5		-10.98		10

		1.5		-12.81		10				1.5		-12.81		10

		-8		-14.64		10				-8		-14.64		10

		-7.5		-20.13		10				-7.5		-20.13		10

		-6.25		-38.43		10				-6.25		-38.43		10

		-6.25		-45.75		10				-6.25		-45.75		10

		-5.5		-51.24		10				-5.5		-51.24		10

		3		-65.88		10				3		-65.88		10

		-3		-73.2		10				-3		-73.2		10

		-2		-84.18		10				-2		-84.18		10

		2.5		-86.01		10				2.5		-86.01		10

		2.75		-87.84		10				2.75		-87.84		10

		-0.5		-87.84		10				-0.5		-87.84		10

		2.5		-89.67		10				2.5		-89.67		10

		2		-89.67		10				2		-89.67		10

		2		-91.5		10				2		-91.5		10

		0.75		-93.33		10				0.75		-93.33		10

		0.5		-93.33		10				0.5		-93.33		10

		-8.5		45.75		9				-8.5		45.75		9

		-6.5		34.77		9				-6.5		34.77		9

		-8.5		34.77		9				-8.5		34.77		9

		-5.75		32.94		9				-5.75		32.94		9

		-5.5		31.11		9				-5.5		31.11		9

		-8.5		31.11		9				-8.5		31.11		9

		-4.5		29.28		9				-4.5		29.28		9

		-2.5		23.79		9				-2.5		23.79		9

		-9.75		20.13		9				-9.75		20.13		9

		-8.5		16.47		9				-8.5		16.47		9

		-0.75		12.81		9				-0.75		12.81		9

		-9		12.81		9				-9		12.81		9

		-0.5		9.15		9				-0.5		9.15		9

		0.25		3.66		9				0.25		3.66		9

		0.5		-2.84E-14		9				0.5		-2.84E-14		9

		-8.25		-3.66		9				-8.25		-3.66		9

		-9		-3.66		9				-9		-3.66		9

		-8.25		-7.32		9				-8.25		-7.32		9

		-8.75		-12.81		9				-8.75		-12.81		9

		-7.5		-21.96		9				-7.5		-21.96		9

		-7.75		-23.79		9				-7.75		-23.79		9

		2		-27.45		9				2		-27.45		9

		-7.25		-27.45		9				-7.25		-27.45		9

		-7.25		-32.94		9				-7.25		-32.94		9

		2.5		-38.43		9				2.5		-38.43		9

		3		-43.92		9				3		-43.92		9

		-6		-43.92		9				-6		-43.92		9

		-5.75		-53.07		9				-5.75		-53.07		9

		-4.75		-58.56		9				-4.75		-58.56		9

		3.25		-62.22		9				3.25		-62.22		9

		-3.5		-69.54		9				-3.5		-69.54		9

		-3.25		-73.2		9				-3.25		-73.2		9

		-2.5		-76.86		9				-2.5		-76.86		9

		3		-78.69		9				3		-78.69		9

		-1.75		-84.18		9				-1.75		-84.18		9

		2.25		-87.84		9				2.25		-87.84		9

		2.25		-89.67		9				2.25		-89.67		9

		2		-93.33		9				2		-93.33		9

		1.75		-93.33		9				1.75		-93.33		9

		2		-95.16		9				2		-95.16		9

		3		-98.82		9				3		-98.82		9

		-6.25		40.26		8				-6.25		40.26		8

		-7		40.26		8				-7		40.26		8

		-8		40.26		8				-8		40.26		8

		-8.5		40.26		8				-8.5		40.26		8

		-8.5		38.43		8				-8.5		38.43		8

		-7		36.6		8				-7		36.6		8

		-7.5		36.6		8				-7.5		36.6		8

		-7.75		36.6		8				-7.75		36.6		8

		-8.25		34.77		8				-8.25		34.77		8

		-8.75		34.77		8				-8.75		34.77		8

		-9		34.77		8				-9		34.77		8

		-8.5		32.94		8				-8.5		32.94		8

		-9		32.94		8				-9		32.94		8

		-4.25		27.45		8				-4.25		27.45		8

		-3.5		25.62		8				-3.5		25.62		8

		-8.75		25.62		8				-8.75		25.62		8

		-2.75		23.79		8				-2.75		23.79		8

		-1.5		16.47		8				-1.5		16.47		8

		-1.75		16.47		8				-1.75		16.47		8

		-0.5		14.64		8				-0.5		14.64		8

		-9.5		14.64		8				-9.5		14.64		8

		-9		10.98		8				-9		10.98		8

		0		9.15		8				0		9.15		8

		-0.25		9.15		8				-0.25		9.15		8

		-9		9.15		8				-9		9.15		8

		-9.25		5.49		8				-9.25		5.49		8

		-9		3.66		8				-9		3.66		8

		-8.75		-2.84E-14		8				-8.75		-2.84E-14		8

		-8.75		-1.83		8				-8.75		-1.83		8

		-8.5		-3.66		8				-8.5		-3.66		8

		1		-5.49		8				1		-5.49		8

		-8.25		-9.15		8				-8.25		-9.15		8

		-8.5		-10.98		8				-8.5		-10.98		8

		1.75		-18.3		8				1.75		-18.3		8

		1.75		-21.96		8				1.75		-21.96		8

		-7.5		-25.62		8				-7.5		-25.62		8

		-7		-34.77		8				-7		-34.77		8

		-7		-36.6		8				-7		-36.6		8

		-6		-45.75		8				-6		-45.75		8

		2.75		-47.58		8				2.75		-47.58		8

		2.75		-49.41		8				2.75		-49.41		8

		3		-56.73		8				3		-56.73		8

		-5		-56.73		8				-5		-56.73		8

		3.25		-64.05		8				3.25		-64.05		8

		3.25		-67.71		8				3.25		-67.71		8

		3		-67.71		8				3		-67.71		8

		3.5		-71.37		8				3.5		-71.37		8

		3.25		-78.69		8				3.25		-78.69		8

		-2		-80.52		8				-2		-80.52		8

		3.25		-84.18		8				3.25		-84.18		8

		-1.75		-86.01		8				-1.75		-86.01		8

		-1.5		-87.84		8				-1.5		-87.84		8

		2.5		-91.5		8				2.5		-91.5		8

		2.75		-93.33		8				2.75		-93.33		8

		0.25		-93.33		8				0.25		-93.33		8

		1.25		-95.16		8				1.25		-95.16		8

		0.5		-95.16		8				0.5		-95.16		8

		1.25		-96.99		8				1.25		-96.99		8

		-6.5		43.92		7				-6.5		43.92		7

		-7.5		42.09		7				-7.5		42.09		7

		-7.75		42.09		7				-7.75		42.09		7

		-7.75		40.26		7				-7.75		40.26		7

		-8.25		40.26		7				-8.25		40.26		7

		-10.25		40.26		7				-10.25		40.26		7

		-9		38.43		7				-9		38.43		7

		-9.5		36.6		7				-9.5		36.6		7

		-6.25		34.77		7				-6.25		34.77		7

		-5		31.11		7				-5		31.11		7

		-9		31.11		7				-9		31.11		7

		-4.75		29.28		7				-4.75		29.28		7

		-8.5		29.28		7				-8.5		29.28		7

		-3.75		25.62		7				-3.75		25.62		7

		-9		25.62		7				-9		25.62		7

		-3.5		23.79		7				-3.5		23.79		7

		-9.25		23.79		7				-9.25		23.79		7

		-9.5		23.79		7				-9.5		23.79		7

		-8.75		21.96		7				-8.75		21.96		7

		-0.5		10.98		7				-0.5		10.98		7

		-9.5		5.49		7				-9.5		5.49		7

		-8.75		1.83		7				-8.75		1.83		7

		-9		-2.84E-14		7				-9		-2.84E-14		7

		-8.5		-1.83		7				-8.5		-1.83		7

		0.75		-3.66		7				0.75		-3.66		7

		-8.75		-3.66		7				-8.75		-3.66		7

		-8.5		-7.32		7				-8.5		-7.32		7

		1.25		-10.98		7				1.25		-10.98		7

		-7.75		-14.64		7				-7.75		-14.64		7

		-8.25		-14.64		7				-8.25		-14.64		7

		2		-18.3		7				2		-18.3		7

		-8.25		-18.3		7				-8.25		-18.3		7

		2		-23.79		7				2		-23.79		7

		2.25		-27.45		7				2.25		-27.45		7

		-6.75		-32.94		7				-6.75		-32.94		7

		2.75		-38.43		7				2.75		-38.43		7

		-6.5		-40.26		7				-6.5		-40.26		7

		-6.75		-42.09		7				-6.75		-42.09		7

		2.75		-43.92		7				2.75		-43.92		7

		-6.25		-43.92		7				-6.25		-43.92		7

		-6.5		-43.92		7				-6.5		-43.92		7

		3		-60.39		7				3		-60.39		7

		-5		-60.39		7				-5		-60.39		7

		-4		-64.05		7				-4		-64.05		7

		-3.75		-67.71		7				-3.75		-67.71		7

		4.25		-73.2		7				4.25		-73.2		7

		3.25		-75.03		7				3.25		-75.03		7

		4.25		-80.52		7				4.25		-80.52		7

		3.25		-82.35		7				3.25		-82.35		7

		4.25		-86.01		7				4.25		-86.01		7

		-1.5		-86.01		7				-1.5		-86.01		7

		-2		-86.01		7				-2		-86.01		7

		-1.25		-87.84		7				-1.25		-87.84		7

		2.75		-89.67		7				2.75		-89.67		7

		-0.25		-91.5		7				-0.25		-91.5		7

		3		-93.33		7				3		-93.33		7

		1.5		-93.33		7				1.5		-93.33		7

		1		-96.99		7				1		-96.99		7

		1.25		-98.82		7				1.25		-98.82		7

		2.25		-102.48		7				2.25		-102.48		7

		-7.75		45.75		6				-7.75		45.75		6

		-8.25		42.09		6				-8.25		42.09		6

		-8.75		42.09		6				-8.75		42.09		6

		-6.5		40.26		6				-6.5		40.26		6

		-4.75		36.6		6				-4.75		36.6		6

		-8.25		36.6		6				-8.25		36.6		6

		-9		36.6		6				-9		36.6		6

		-5.5		34.77		6				-5.5		34.77		6

		-5.25		31.11		6				-5.25		31.11		6

		-8.75		31.11		6				-8.75		31.11		6

		-8.75		29.28		6				-8.75		29.28		6

		-9.25		29.28		6				-9.25		29.28		6

		-9		27.45		6				-9		27.45		6

		-3.25		25.62		6				-3.25		25.62		6

		-9.25		25.62		6				-9.25		25.62		6

		-10		21.96		6				-10		21.96		6

		-1.5		20.13		6				-1.5		20.13		6

		-9.25		20.13		6				-9.25		20.13		6

		-9.5		16.47		6				-9.5		16.47		6

		-9.25		14.64		6				-9.25		14.64		6

		-9.75		14.64		6				-9.75		14.64		6

		-9.25		10.98		6				-9.25		10.98		6

		0		7.32		6				0		7.32		6

		-8.75		7.32		6				-8.75		7.32		6

		-9.25		7.32		6				-9.25		7.32		6

		0.25		5.49		6				0.25		5.49		6

		1		-3.66		6				1		-3.66		6

		-8.5		-5.49		6				-8.5		-5.49		6

		-8.75		-5.49		6				-8.75		-5.49		6

		1.25		-9.15		6				1.25		-9.15		6

		-8.75		-9.15		6				-8.75		-9.15		6

		-8.75		-10.98		6				-8.75		-10.98		6

		-8		-12.81		6				-8		-12.81		6

		-8.5		-14.64		6				-8.5		-14.64		6

		1.75		-16.47		6				1.75		-16.47		6

		-8		-16.47		6				-8		-16.47		6

		-8.25		-16.47		6				-8.25		-16.47		6

		2.25		-21.96		6				2.25		-21.96		6

		-8		-21.96		6				-8		-21.96		6

		2.25		-25.62		6				2.25		-25.62		6

		2		-25.62		6				2		-25.62		6

		-7		-32.94		6				-7		-32.94		6

		-7.5		-32.94		6				-7.5		-32.94		6

		-6.5		-38.43		6				-6.5		-38.43		6

		3		-45.75		6				3		-45.75		6

		2.75		-45.75		6				2.75		-45.75		6

		-6.25		-47.58		6				-6.25		-47.58		6

		-5		-54.9		6				-5		-54.9		6

		-5.5		-56.73		6				-5.5		-56.73		6

		3.25		-58.56		6				3.25		-58.56		6

		-4.25		-64.05		6				-4.25		-64.05		6

		3.5		-65.88		6				3.5		-65.88		6

		3.5		-67.71		6				3.5		-67.71		6

		-4		-67.71		6				-4		-67.71		6

		3.5		-69.54		6				3.5		-69.54		6

		3.25		-69.54		6				3.25		-69.54		6

		-3.75		-69.54		6				-3.75		-69.54		6

		4		-71.37		6				4		-71.37		6

		4		-73.2		6				4		-73.2		6

		3.75		-73.2		6				3.75		-73.2		6

		3.5		-73.2		6				3.5		-73.2		6

		3.5		-75.03		6				3.5		-75.03		6

		-3		-75.03		6				-3		-75.03		6

		-3.25		-75.03		6				-3.25		-75.03		6

		-3.5		-75.03		6				-3.5		-75.03		6

		3		-76.86		6				3		-76.86		6

		-3		-76.86		6				-3		-76.86		6

		-2.25		-78.69		6				-2.25		-78.69		6

		-2.5		-78.69		6				-2.5		-78.69		6

		3.5		-80.52		6				3.5		-80.52		6

		-2		-82.35		6				-2		-82.35		6

		-2.25		-82.35		6				-2.25		-82.35		6

		2.5		-87.84		6				2.5		-87.84		6

		-1.75		-87.84		6				-1.75		-87.84		6

		3		-89.67		6				3		-89.67		6

		-1		-89.67		6				-1		-89.67		6

		3		-91.5		6				3		-91.5		6

		0.25		-91.5		6				0.25		-91.5		6

		-0.75		-91.5		6				-0.75		-91.5		6

		1.75		-95.16		6				1.75		-95.16		6

		3.25		-96.99		6				3.25		-96.99		6

		2.25		-96.99		6				2.25		-96.99		6

		0.75		-96.99		6				0.75		-96.99		6

		0		-96.99		6				0		-96.99		6

		2		-98.82		6				2		-98.82		6

		1.75		-98.82		6				1.75		-98.82		6

		3.25		-102.48		6				3.25		-102.48		6

		2.75		-104.31		6				2.75		-104.31		6

		-10.5		51.24		5				-10.5		51.24		5

		-7		49.41		5				-7		49.41		5

		-8.75		47.58		5				-8.75		47.58		5

		-9		47.58		5				-9		47.58		5

		-8.25		45.75		5				-8.25		45.75		5

		-7		43.92		5				-7		43.92		5

		-7		42.09		5				-7		42.09		5

		-7.25		42.09		5				-7.25		42.09		5

		-8.5		42.09		5				-8.5		42.09		5

		-7.25		40.26		5				-7.25		40.26		5

		-7.5		38.43		5				-7.5		38.43		5

		-8		38.43		5				-8		38.43		5

		-8.25		38.43		5				-8.25		38.43		5

		-8.75		38.43		5				-8.75		38.43		5

		-9.25		38.43		5				-9.25		38.43		5

		-6		36.6		5				-6		36.6		5

		-8		36.6		5				-8		36.6		5

		-5.25		32.94		5				-5.25		32.94		5

		-4.25		31.11		5				-4.25		31.11		5

		-9.75		31.11		5				-9.75		31.11		5

		-9		29.28		5				-9		29.28		5

		-9.5		27.45		5				-9.5		27.45		5

		-2.75		25.62		5				-2.75		25.62		5

		-3		23.79		5				-3		23.79		5

		-10		23.79		5				-10		23.79		5

		-9.5		21.96		5				-9.5		21.96		5

		-8.75		18.3		5				-8.75		18.3		5

		-9.25		18.3		5				-9.25		18.3		5

		-1.25		14.64		5				-1.25		14.64		5

		-9.5		9.15		5				-9.5		9.15		5

		-0.25		7.32		5				-0.25		7.32		5

		0		5.49		5				0		5.49		5

		0.25		1.83		5				0.25		1.83		5

		0.75		-2.84E-14		5				0.75		-2.84E-14		5

		0.75		-1.83		5				0.75		-1.83		5

		-9.5		-3.66		5				-9.5		-3.66		5

		-8.5		-12.81		5				-8.5		-12.81		5

		4.25		-36.6		5				4.25		-36.6		5

		4.25		-38.43		5				4.25		-38.43		5

		-6.75		-40.26		5				-6.75		-40.26		5

		2.75		-42.09		5				2.75		-42.09		5

		-6.75		-43.92		5				-6.75		-43.92		5

		3.25		-49.41		5				3.25		-49.41		5

		-5.5		-53.07		5				-5.5		-53.07		5

		-4.75		-60.39		5				-4.75		-60.39		5

		4		-69.54		5				4		-69.54		5

		3.75		-69.54		5				3.75		-69.54		5

		-4		-71.37		5				-4		-71.37		5

		-3.5		-73.2		5				-3.5		-73.2		5

		3.25		-86.01		5				3.25		-86.01		5

		2.25		-95.16		5				2.25		-95.16		5

		1		-95.16		5				1		-95.16		5

		1.75		-96.99		5				1.75		-96.99		5

		3.25		-98.82		5				3.25		-98.82		5

		0.5		-98.82		5				0.5		-98.82		5

		3.25		-100.65		5				3.25		-100.65		5

		2.25		-100.65		5				2.25		-100.65		5

		-9		53.07		4				-9		53.07		4

		-10.25		51.24		4				-10.25		51.24		4

		-7.75		49.41		4				-7.75		49.41		4

		-6.5		47.58		4				-6.5		47.58		4

		-8.5		43.92		4				-8.5		43.92		4

		-9.25		43.92		4				-9.25		43.92		4

		-6.25		42.09		4				-6.25		42.09		4

		-6.25		38.43		4				-6.25		38.43		4

		-6.5		38.43		4				-6.5		38.43		4

		-4.5		36.6		4				-4.5		36.6		4

		-5.75		36.6		4				-5.75		36.6		4

		-4.75		34.77		4				-4.75		34.77		4

		-5.25		34.77		4				-5.25		34.77		4

		-4.5		32.94		4				-4.5		32.94		4

		-9.5		32.94		4				-9.5		32.94		4

		-4		31.11		4				-4		31.11		4

		-3.5		29.28		4				-3.5		29.28		4

		-4		29.28		4				-4		29.28		4

		-9.5		29.28		4				-9.5		29.28		4

		-3.5		27.45		4				-3.5		27.45		4

		-3.75		27.45		4				-3.75		27.45		4

		-9.75		27.45		4				-9.75		27.45		4

		-3		25.62		4				-3		25.62		4

		-9		23.79		4				-9		23.79		4

		-9		21.96		4				-9		21.96		4

		-11		21.96		4				-11		21.96		4

		-1.25		16.47		4				-1.25		16.47		4

		-9.75		16.47		4				-9.75		16.47		4

		-1		14.64		4				-1		14.64		4

		-10.5		14.64		4				-10.5		14.64		4

		-9.25		12.81		4				-9.25		12.81		4

		0		10.98		4				0		10.98		4

		-0.25		10.98		4				-0.25		10.98		4

		-9.5		10.98		4				-9.5		10.98		4

		-8.75		5.49		4				-8.75		5.49		4

		-9		5.49		4				-9		5.49		4

		0.5		1.83		4				0.5		1.83		4

		1.25		-7.32		4				1.25		-7.32		4

		1.75		-9.15		4				1.75		-9.15		4

		-9		-9.15		4				-9		-9.15		4

		1.75		-10.98		4				1.75		-10.98		4

		2		-14.64		4				2		-14.64		4

		1.75		-14.64		4				1.75		-14.64		4

		-8		-18.3		4				-8		-18.3		4

		2		-20.13		4				2		-20.13		4

		-7.75		-21.96		4				-7.75		-21.96		4

		-8		-23.79		4				-8		-23.79		4

		-7.25		-25.62		4				-7.25		-25.62		4

		-7.75		-25.62		4				-7.75		-25.62		4

		2.5		-27.45		4				2.5		-27.45		4

		-7.5		-27.45		4				-7.5		-27.45		4

		-7.75		-27.45		4				-7.75		-27.45		4

		-8		-27.45		4				-8		-27.45		4

		2.25		-29.28		4				2.25		-29.28		4

		-7.75		-29.28		4				-7.75		-29.28		4

		2.5		-31.11		4				2.5		-31.11		4

		-7.5		-31.11		4				-7.5		-31.11		4

		3		-34.77		4				3		-34.77		4

		2.5		-34.77		4				2.5		-34.77		4

		2.5		-36.6		4				2.5		-36.6		4

		-6.75		-36.6		4				-6.75		-36.6		4

		2.75		-40.26		4				2.75		-40.26		4

		4.5		-42.09		4				4.5		-42.09		4

		3		-51.24		4				3		-51.24		4

		3.25		-53.07		4				3.25		-53.07		4

		-5.5		-54.9		4				-5.5		-54.9		4

		-5.25		-56.73		4				-5.25		-56.73		4

		-5.75		-56.73		4				-5.75		-56.73		4

		3.5		-58.56		4				3.5		-58.56		4

		-5		-58.56		4				-5		-58.56		4

		-5.25		-58.56		4				-5.25		-58.56		4

		-5		-62.22		4				-5		-62.22		4

		3.5		-64.05		4				3.5		-64.05		4

		3.75		-71.37		4				3.75		-71.37		4

		-3.75		-71.37		4				-3.75		-71.37		4

		3.25		-73.2		4				3.25		-73.2		4

		-3.75		-73.2		4				-3.75		-73.2		4

		3.75		-76.86		4				3.75		-76.86		4

		3.25		-76.86		4				3.25		-76.86		4

		-3.25		-76.86		4				-3.25		-76.86		4

		4		-78.69		4				4		-78.69		4

		3.75		-78.69		4				3.75		-78.69		4

		3.25		-80.52		4				3.25		-80.52		4

		-3		-82.35		4				-3		-82.35		4

		3.75		-87.84		4				3.75		-87.84		4

		3.25		-89.67		4				3.25		-89.67		4

		-2.25		-89.67		4				-2.25		-89.67		4

		-0.5		-93.33		4				-0.5		-93.33		4

		-2		-93.33		4				-2		-93.33		4

		2.75		-95.16		4				2.75		-95.16		4

		1.5		-95.16		4				1.5		-95.16		4

		-0.75		-95.16		4				-0.75		-95.16		4

		-0.5		-96.99		4				-0.5		-96.99		4

		3		-100.65		4				3		-100.65		4

		1		-100.65		4				1		-100.65		4

		2.5		-102.48		4				2.5		-102.48		4

		2		-102.48		4				2		-102.48		4

		2.25		-104.31		4				2.25		-104.31		4

		2.5		-107.97		4				2.5		-107.97		4

		2.5		-111.63		4				2.5		-111.63		4

		-10.5		54.9		3				-10.5		54.9		3

		-7.25		53.07		3				-7.25		53.07		3

		-8.75		51.24		3				-8.75		51.24		3

		-9		51.24		3				-9		51.24		3

		-6.5		49.41		3				-6.5		49.41		3

		-6.75		49.41		3				-6.75		49.41		3

		-8.5		49.41		3				-8.5		49.41		3

		-9.25		49.41		3				-9.25		49.41		3

		-8.25		47.58		3				-8.25		47.58		3

		-8.5		47.58		3				-8.5		47.58		3

		-8		45.75		3				-8		45.75		3

		-7.5		43.92		3				-7.5		43.92		3

		-9		42.09		3				-9		42.09		3

		-6		40.26		3				-6		40.26		3

		-7.5		40.26		3				-7.5		40.26		3

		-9.25		40.26		3				-9.25		40.26		3

		-9.5		40.26		3				-9.5		40.26		3

		-5.75		38.43		3				-5.75		38.43		3

		-6.75		38.43		3				-6.75		38.43		3

		-9.5		38.43		3				-9.5		38.43		3

		-10		38.43		3				-10		38.43		3

		-3.25		34.77		3				-3.25		34.77		3

		-4.5		34.77		3				-4.5		34.77		3

		-9.5		34.77		3				-9.5		34.77		3

		-9.75		34.77		3				-9.75		34.77		3

		-8		32.94		3				-8		32.94		3

		-4.5		31.11		3				-4.5		31.11		3

		-4.75		31.11		3				-4.75		31.11		3

		-10.25		31.11		3				-10.25		31.11		3

		-3		27.45		3				-3		27.45		3

		-9.25		27.45		3				-9.25		27.45		3

		-10.25		27.45		3				-10.25		27.45		3

		-12.5		27.45		3				-12.5		27.45		3

		-10		25.62		3				-10		25.62		3

		-10.5		25.62		3				-10.5		25.62		3

		-1.75		20.13		3				-1.75		20.13		3

		-2		20.13		3				-2		20.13		3

		-9		20.13		3				-9		20.13		3

		-9.5		20.13		3				-9.5		20.13		3

		-0.75		18.3		3				-0.75		18.3		3

		-1.75		18.3		3				-1.75		18.3		3

		-9.75		18.3		3				-9.75		18.3		3

		-10.25		18.3		3				-10.25		18.3		3

		-1		16.47		3				-1		16.47		3

		-0.75		14.64		3				-0.75		14.64		3

		-8.75		12.81		3				-8.75		12.81		3

		-9.5		12.81		3				-9.5		12.81		3

		-9.75		10.98		3				-9.75		10.98		3

		-10.25		10.98		3				-10.25		10.98		3

		-9.5		7.32		3				-9.5		7.32		3

		0.5		5.49		3				0.5		5.49		3

		-10.25		5.49		3				-10.25		5.49		3

		-11		3.66		3				-11		3.66		3

		0.75		1.83		3				0.75		1.83		3

		-9.5		-1.83		3				-9.5		-1.83		3

		-9.25		-3.66		3				-9.25		-3.66		3

		2		-7.32		3				2		-7.32		3

		2		-9.15		3				2		-9.15		3

		-9		-10.98		3				-9		-10.98		3

		-9		-12.81		3				-9		-12.81		3

		-8		-20.13		3				-8		-20.13		3

		-8.25		-20.13		3				-8.25		-20.13		3

		2		-21.96		3				2		-21.96		3

		2.25		-23.79		3				2.25		-23.79		3

		2.5		-25.62		3				2.5		-25.62		3

		2.75		-29.28		3				2.75		-29.28		3

		2.5		-29.28		3				2.5		-29.28		3

		3		-31.11		3				3		-31.11		3

		4		-32.94		3				4		-32.94		3

		3.75		-32.94		3				3.75		-32.94		3

		2.5		-32.94		3				2.5		-32.94		3

		2.25		-32.94		3				2.25		-32.94		3

		3.5		-34.77		3				3.5		-34.77		3

		2.75		-34.77		3				2.75		-34.77		3

		-8		-34.77		3				-8		-34.77		3

		2.75		-36.6		3				2.75		-36.6		3

		-7.25		-36.6		3				-7.25		-36.6		3

		3.75		-38.43		3				3.75		-38.43		3

		-7.25		-38.43		3				-7.25		-38.43		3

		3.25		-40.26		3				3.25		-40.26		3

		3.25		-43.92		3				3.25		-43.92		3

		-6		-47.58		3				-6		-47.58		3

		5.25		-49.41		3				5.25		-49.41		3

		-6.25		-49.41		3				-6.25		-49.41		3

		3.25		-56.73		3				3.25		-56.73		3

		-5.5		-58.56		3				-5.5		-58.56		3

		4		-60.39		3				4		-60.39		3

		-5.25		-60.39		3				-5.25		-60.39		3

		3		-62.22		3				3		-62.22		3

		-5.25		-62.22		3				-5.25		-62.22		3

		-4.5		-64.05		3				-4.5		-64.05		3

		3.75		-65.88		3				3.75		-65.88		3

		-4.25		-65.88		3				-4.25		-65.88		3

		3.25		-71.37		3				3.25		-71.37		3

		4		-75.03		3				4		-75.03		3

		-3.75		-75.03		3				-3.75		-75.03		3

		3.5		-76.86		3				3.5		-76.86		3

		-3.5		-76.86		3				-3.5		-76.86		3

		-3.25		-78.69		3				-3.25		-78.69		3

		-2.25		-80.52		3				-2.25		-80.52		3

		4.25		-82.35		3				4.25		-82.35		3

		-2.75		-82.35		3				-2.75		-82.35		3

		3.5		-84.18		3				3.5		-84.18		3

		-2.75		-84.18		3				-2.75		-84.18		3

		-1		-86.01		3				-1		-86.01		3

		3.25		-87.84		3				3.25		-87.84		3

		3		-87.84		3				3		-87.84		3

		-1		-91.5		3				-1		-91.5		3

		0		-93.33		3				0		-93.33		3

		-0.25		-93.33		3				-0.25		-93.33		3

		0.75		-95.16		3				0.75		-95.16		3

		0		-95.16		3				0		-95.16		3

		1.5		-96.99		3				1.5		-96.99		3

		0.25		-96.99		3				0.25		-96.99		3

		-0.25		-96.99		3				-0.25		-96.99		3

		-2		-96.99		3				-2		-96.99		3

		1		-98.82		3				1		-98.82		3

		0.25		-98.82		3				0.25		-98.82		3

		2.5		-100.65		3				2.5		-100.65		3

		2		-100.65		3				2		-100.65		3

		0.5		-100.65		3				0.5		-100.65		3

		3		-102.48		3				3		-102.48		3

		2.75		-102.48		3				2.75		-102.48		3

		0.75		-102.48		3				0.75		-102.48		3

		2.5		-104.31		3				2.5		-104.31		3

		-1.25		-104.31		3				-1.25		-104.31		3

		2.25		-107.97		3				2.25		-107.97		3

		-9		56.73		2				-9		56.73		2

		-7.5		54.9		2				-7.5		54.9		2

		-10		54.9		2				-10		54.9		2

		-11.5		54.9		2				-11.5		54.9		2

		-6.75		51.24		2				-6.75		51.24		2

		-7		51.24		2				-7		51.24		2

		-9.25		51.24		2				-9.25		51.24		2

		-7.25		49.41		2				-7.25		49.41		2

		-6.75		47.58		2				-6.75		47.58		2

		-7		47.58		2				-7		47.58		2

		-7.25		47.58		2				-7.25		47.58		2

		-7.5		47.58		2				-7.5		47.58		2

		-9.25		47.58		2				-9.25		47.58		2

		-10		47.58		2				-10		47.58		2

		-7		45.75		2				-7		45.75		2

		-7.5		45.75		2				-7.5		45.75		2

		-8.75		45.75		2				-8.75		45.75		2

		-9		45.75		2				-9		45.75		2

		-9.5		45.75		2				-9.5		45.75		2

		-9.75		45.75		2				-9.75		45.75		2

		-7.25		43.92		2				-7.25		43.92		2

		-7.75		43.92		2				-7.75		43.92		2

		-8.25		43.92		2				-8.25		43.92		2

		-10.75		43.92		2				-10.75		43.92		2

		-6		42.09		2				-6		42.09		2

		-6.75		42.09		2				-6.75		42.09		2

		-10.25		42.09		2				-10.25		42.09		2

		-5.75		40.26		2				-5.75		40.26		2

		-9.75		40.26		2				-9.75		40.26		2

		-10		40.26		2				-10		40.26		2

		-5.5		38.43		2				-5.5		38.43		2

		-5		36.6		2				-5		36.6		2

		-5.25		36.6		2				-5.25		36.6		2

		-5.5		36.6		2				-5.5		36.6		2

		-9.25		36.6		2				-9.25		36.6		2

		-9.75		36.6		2				-9.75		36.6		2

		-12.25		36.6		2				-12.25		36.6		2

		-3.75		34.77		2				-3.75		34.77		2

		-9.25		34.77		2				-9.25		34.77		2

		-12		34.77		2				-12		34.77		2

		-3.5		32.94		2				-3.5		32.94		2

		-4.25		32.94		2				-4.25		32.94		2

		-4.75		32.94		2				-4.75		32.94		2

		-9.25		32.94		2				-9.25		32.94		2

		-10.25		32.94		2				-10.25		32.94		2

		-10.75		32.94		2				-10.75		32.94		2

		-3		31.11		2				-3		31.11		2

		-9.25		31.11		2				-9.25		31.11		2

		-9.5		31.11		2				-9.5		31.11		2

		-3		29.28		2				-3		29.28		2

		-3.75		29.28		2				-3.75		29.28		2

		-10.75		29.28		2				-10.75		29.28		2

		-11		29.28		2				-11		29.28		2

		-11.5		29.28		2				-11.5		29.28		2

		-12		29.28		2				-12		29.28		2

		-12.25		29.28		2				-12.25		29.28		2

		-10		27.45		2				-10		27.45		2

		-11.25		27.45		2				-11.25		27.45		2

		-2.25		23.79		2				-2.25		23.79		2

		-10.75		23.79		2				-10.75		23.79		2

		-11.75		23.79		2				-11.75		23.79		2

		-1.5		21.96		2				-1.5		21.96		2

		-2.25		21.96		2				-2.25		21.96		2

		-9.25		21.96		2				-9.25		21.96		2

		-9.75		21.96		2				-9.75		21.96		2

		-10		20.13		2				-10		20.13		2

		-10.5		20.13		2				-10.5		20.13		2

		-1.5		18.3		2				-1.5		18.3		2

		-10.75		18.3		2				-10.75		18.3		2

		-0.5		16.47		2				-0.5		16.47		2

		-0.25		14.64		2				-0.25		14.64		2

		-10.75		14.64		2				-10.75		14.64		2

		-0.25		12.81		2				-0.25		12.81		2

		-9.75		12.81		2				-9.75		12.81		2

		-10.5		12.81		2				-10.5		12.81		2

		-9.75		9.15		2				-9.75		9.15		2

		0.25		7.32		2				0.25		7.32		2

		-9		7.32		2				-9		7.32		2

		-9.75		7.32		2				-9.75		7.32		2

		-10		5.49		2				-10		5.49		2

		-9.25		3.66		2				-9.25		3.66		2

		-10.25		3.66		2				-10.25		3.66		2

		-9.25		1.83		2				-9.25		1.83		2

		-9.5		1.83		2				-9.5		1.83		2

		1.25		-2.84E-14		2				1.25		-2.84E-14		2

		-9.25		-2.84E-14		2				-9.25		-2.84E-14		2

		-9.75		-2.84E-14		2				-9.75		-2.84E-14		2

		-10		-2.84E-14		2				-10		-2.84E-14		2

		1		-1.83		2				1		-1.83		2

		-9.25		-1.83		2				-9.25		-1.83		2

		2		-5.49		2				2		-5.49		2

		-9.25		-5.49		2				-9.25		-5.49		2

		-9.25		-7.32		2				-9.25		-7.32		2

		1.5		-9.15		2				1.5		-9.15		2

		-8.5		-9.15		2				-8.5		-9.15		2

		-9.25		-10.98		2				-9.25		-10.98		2

		2.25		-16.47		2				2.25		-16.47		2

		-8.5		-16.47		2				-8.5		-16.47		2

		-8.25		-21.96		2				-8.25		-21.96		2

		-8.5		-21.96		2				-8.5		-21.96		2

		-8.25		-23.79		2				-8.25		-23.79		2

		-7.5		-29.28		2				-7.5		-29.28		2

		-8		-29.28		2				-8		-29.28		2

		2.25		-31.11		2				2.25		-31.11		2

		4.75		-36.6		2				4.75		-36.6		2

		4		-36.6		2				4		-36.6		2

		3		-36.6		2				3		-36.6		2

		5		-38.43		2				5		-38.43		2

		4		-38.43		2				4		-38.43		2

		-7		-38.43		2				-7		-38.43		2

		4.25		-40.26		2				4.25		-40.26		2

		3		-40.26		2				3		-40.26		2

		2.5		-40.26		2				2.5		-40.26		2

		5		-42.09		2				5		-42.09		2

		3.5		-45.75		2				3.5		-45.75		2

		-6.5		-45.75		2				-6.5		-45.75		2

		-6.75		-45.75		2				-6.75		-45.75		2

		3		-47.58		2				3		-47.58		2

		4.25		-49.41		2				4.25		-49.41		2

		3.75		-49.41		2				3.75		-49.41		2

		3		-49.41		2				3		-49.41		2

		-5.75		-51.24		2				-5.75		-51.24		2

		-6.25		-51.24		2				-6.25		-51.24		2

		-6.5		-51.24		2				-6.5		-51.24		2

		3.5		-53.07		2				3.5		-53.07		2

		-6		-53.07		2				-6		-53.07		2

		-6.25		-53.07		2				-6.25		-53.07		2

		3.5		-54.9		2				3.5		-54.9		2

		4.5		-56.73		2				4.5		-56.73		2

		-6.5		-56.73		2				-6.5		-56.73		2

		-6.25		-58.56		2				-6.25		-58.56		2

		3.5		-60.39		2				3.5		-60.39		2

		-6.25		-60.39		2				-6.25		-60.39		2

		-4.75		-62.22		2				-4.75		-62.22		2

		-4.75		-64.05		2				-4.75		-64.05		2

		4		-65.88		2				4		-65.88		2

		-4		-69.54		2				-4		-69.54		2

		3.75		-75.03		2				3.75		-75.03		2

		4		-76.86		2				4		-76.86		2

		3.5		-78.69		2				3.5		-78.69		2

		-3		-78.69		2				-3		-78.69		2

		-3.5		-78.69		2				-3.5		-78.69		2

		4.75		-80.52		2				4.75		-80.52		2

		4.5		-80.52		2				4.5		-80.52		2

		3.75		-80.52		2				3.75		-80.52		2

		4.75		-82.35		2				4.75		-82.35		2

		3.5		-82.35		2				3.5		-82.35		2

		-2.5		-82.35		2				-2.5		-82.35		2

		4.25		-84.18		2				4.25		-84.18		2

		3.75		-84.18		2				3.75		-84.18		2

		3		-84.18		2				3		-84.18		2

		-2.25		-84.18		2				-2.25		-84.18		2

		5.5		-86.01		2				5.5		-86.01		2

		5		-86.01		2				5		-86.01		2

		3.5		-86.01		2				3.5		-86.01		2

		2.75		-86.01		2				2.75		-86.01		2

		-2.25		-86.01		2				-2.25		-86.01		2

		5		-87.84		2				5		-87.84		2

		4.25		-87.84		2				4.25		-87.84		2

		3.5		-87.84		2				3.5		-87.84		2

		-2		-87.84		2				-2		-87.84		2

		-1.25		-89.67		2				-1.25		-89.67		2

		-1.5		-89.67		2				-1.5		-89.67		2

		-1.75		-89.67		2				-1.75		-89.67		2

		4.5		-91.5		2				4.5		-91.5		2

		3.5		-91.5		2				3.5		-91.5		2

		3.25		-91.5		2				3.25		-91.5		2

		2.25		-91.5		2				2.25		-91.5		2

		-1.25		-91.5		2				-1.25		-91.5		2

		4.5		-93.33		2				4.5		-93.33		2

		-1.25		-93.33		2				-1.25		-93.33		2

		3.25		-95.16		2				3.25		-95.16		2

		-0.25		-95.16		2				-0.25		-95.16		2

		-1		-95.16		2				-1		-95.16		2

		-1.25		-95.16		2				-1.25		-95.16		2

		-2		-95.16		2				-2		-95.16		2

		2.75		-96.99		2				2.75		-96.99		2

		-1		-96.99		2				-1		-96.99		2

		2.75		-98.82		2				2.75		-98.82		2

		0		-98.82		2				0		-98.82		2

		-1		-98.82		2				-1		-98.82		2

		-2.25		-98.82		2				-2.25		-98.82		2

		1.25		-100.65		2				1.25		-100.65		2

		0.25		-100.65		2				0.25		-100.65		2

		1.75		-102.48		2				1.75		-102.48		2

		0.5		-102.48		2				0.5		-102.48		2

		-1		-102.48		2				-1		-102.48		2

		2		-107.97		2				2		-107.97		2

		-11.25		65.88		1				-11.25		65.88		1

		-10.75		62.22		1				-10.75		62.22		1

		-11.5		62.22		1				-11.5		62.22		1

		-9.75		58.56		1				-9.75		58.56		1

		-10		58.56		1				-10		58.56		1

		-11		58.56		1				-11		58.56		1

		-11.5		58.56		1				-11.5		58.56		1

		-6.5		56.73		1				-6.5		56.73		1

		-7.75		56.73		1				-7.75		56.73		1

		-9.75		56.73		1				-9.75		56.73		1

		-11		56.73		1				-11		56.73		1

		-11.75		56.73		1				-11.75		56.73		1

		-7		54.9		1				-7		54.9		1

		-7.25		54.9		1				-7.25		54.9		1

		-9.5		54.9		1				-9.5		54.9		1

		-11.25		54.9		1				-11.25		54.9		1

		-6		53.07		1				-6		53.07		1

		-6.5		53.07		1				-6.5		53.07		1

		-6.75		53.07		1				-6.75		53.07		1

		-7.75		53.07		1				-7.75		53.07		1

		-8.75		53.07		1				-8.75		53.07		1

		-9.5		53.07		1				-9.5		53.07		1

		-10.5		53.07		1				-10.5		53.07		1

		-10.75		53.07		1				-10.75		53.07		1

		-11.25		53.07		1				-11.25		53.07		1

		-12		53.07		1				-12		53.07		1

		-7.25		51.24		1				-7.25		51.24		1

		-7.5		51.24		1				-7.5		51.24		1

		-8.5		51.24		1				-8.5		51.24		1

		-12.25		51.24		1				-12.25		51.24		1

		-5.75		49.41		1				-5.75		49.41		1

		-6		49.41		1				-6		49.41		1

		-7.5		49.41		1				-7.5		49.41		1

		-8.75		49.41		1				-8.75		49.41		1

		-9.5		49.41		1				-9.5		49.41		1

		-9.75		49.41		1				-9.75		49.41		1

		-10.25		49.41		1				-10.25		49.41		1

		-10.5		49.41		1				-10.5		49.41		1

		-10.75		49.41		1				-10.75		49.41		1

		-11		49.41		1				-11		49.41		1

		-12		49.41		1				-12		49.41		1

		-8		47.58		1				-8		47.58		1

		-9.5		47.58		1				-9.5		47.58		1

		-10.75		47.58		1				-10.75		47.58		1

		-11.75		47.58		1				-11.75		47.58		1

		-3.75		45.75		1				-3.75		45.75		1

		-5.5		45.75		1				-5.5		45.75		1

		-6.75		45.75		1				-6.75		45.75		1

		-7.25		45.75		1				-7.25		45.75		1

		-9.25		45.75		1				-9.25		45.75		1

		-10.5		45.75		1				-10.5		45.75		1

		-10.75		45.75		1				-10.75		45.75		1

		-11		45.75		1				-11		45.75		1

		-11.25		45.75		1				-11.25		45.75		1

		-4.5		43.92		1				-4.5		43.92		1

		-5.25		43.92		1				-5.25		43.92		1

		-5.5		43.92		1				-5.5		43.92		1

		-6.25		43.92		1				-6.25		43.92		1

		-8.75		43.92		1				-8.75		43.92		1

		-9.5		43.92		1				-9.5		43.92		1

		-9.75		43.92		1				-9.75		43.92		1

		-10		43.92		1				-10		43.92		1

		-10.5		43.92		1				-10.5		43.92		1

		-11.25		43.92		1				-11.25		43.92		1

		-4.75		42.09		1				-4.75		42.09		1

		-5		42.09		1				-5		42.09		1

		-6.5		42.09		1				-6.5		42.09		1

		-9.25		42.09		1				-9.25		42.09		1

		-9.5		42.09		1				-9.5		42.09		1

		-9.75		42.09		1				-9.75		42.09		1

		-3.25		40.26		1				-3.25		40.26		1

		-4.5		40.26		1				-4.5		40.26		1

		-5.25		40.26		1				-5.25		40.26		1

		-9		40.26		1				-9		40.26		1

		-10.75		40.26		1				-10.75		40.26		1

		-3.75		38.43		1				-3.75		38.43		1

		-4.25		38.43		1				-4.25		38.43		1

		-4.5		38.43		1				-4.5		38.43		1

		-5		38.43		1				-5		38.43		1

		-5.25		38.43		1				-5.25		38.43		1

		-9.75		38.43		1				-9.75		38.43		1

		-10.25		38.43		1				-10.25		38.43		1

		-10.5		38.43		1				-10.5		38.43		1

		-4.25		36.6		1				-4.25		36.6		1

		-10		36.6		1				-10		36.6		1

		-10.25		36.6		1				-10.25		36.6		1

		-10.5		36.6		1				-10.5		36.6		1

		-12		36.6		1				-12		36.6		1

		-12.5		36.6		1				-12.5		36.6		1

		-3.5		34.77		1				-3.5		34.77		1

		-4		34.77		1				-4		34.77		1

		-5		34.77		1				-5		34.77		1

		-10		34.77		1				-10		34.77		1

		-10.75		34.77		1				-10.75		34.77		1

		-12.25		34.77		1				-12.25		34.77		1

		-12.5		34.77		1				-12.5		34.77		1

		-2.75		32.94		1				-2.75		32.94		1

		-3		32.94		1				-3		32.94		1

		-10		32.94		1				-10		32.94		1

		-12.25		32.94		1				-12.25		32.94		1

		-2		31.11		1				-2		31.11		1

		-2.75		31.11		1				-2.75		31.11		1

		-3.5		31.11		1				-3.5		31.11		1

		-10		31.11		1				-10		31.11		1

		-10.5		31.11		1				-10.5		31.11		1

		-11.75		31.11		1				-11.75		31.11		1

		-2.75		29.28		1				-2.75		29.28		1

		-9.75		29.28		1				-9.75		29.28		1

		-10		29.28		1				-10		29.28		1

		-10.25		29.28		1				-10.25		29.28		1

		-10.5		29.28		1				-10.5		29.28		1

		-11.75		29.28		1				-11.75		29.28		1

		-2		27.45		1				-2		27.45		1

		-2.75		27.45		1				-2.75		27.45		1

		-3.25		27.45		1				-3.25		27.45		1

		-10.75		27.45		1				-10.75		27.45		1

		-11.5		27.45		1				-11.5		27.45		1

		-11.75		27.45		1				-11.75		27.45		1

		-12		27.45		1				-12		27.45		1

		-2.5		25.62		1				-2.5		25.62		1

		-9.75		25.62		1				-9.75		25.62		1

		-11.25		25.62		1				-11.25		25.62		1

		-11.5		25.62		1				-11.5		25.62		1

		-11.75		25.62		1				-11.75		25.62		1

		-12		25.62		1				-12		25.62		1

		-9.75		23.79		1				-9.75		23.79		1

		-10.25		23.79		1				-10.25		23.79		1

		-11		23.79		1				-11		23.79		1

		-0.75		21.96		1				-0.75		21.96		1

		-1.25		21.96		1				-1.25		21.96		1

		-1.75		21.96		1				-1.75		21.96		1

		-2		21.96		1				-2		21.96		1

		-10.25		21.96		1				-10.25		21.96		1

		-10.5		21.96		1				-10.5		21.96		1

		-11.25		21.96		1				-11.25		21.96		1

		-11.75		21.96		1				-11.75		21.96		1

		-2.25		20.13		1				-2.25		20.13		1

		-11.75		20.13		1				-11.75		20.13		1

		-10.5		18.3		1				-10.5		18.3		1

		-11		18.3		1				-11		18.3		1

		-12.25		18.3		1				-12.25		18.3		1

		-12.75		18.3		1				-12.75		18.3		1

		-0.75		16.47		1				-0.75		16.47		1

		-10		16.47		1				-10		16.47		1

		-10.25		16.47		1				-10.25		16.47		1

		-12.5		16.47		1				-12.5		16.47		1

		-10.25		14.64		1				-10.25		14.64		1

		-11.25		14.64		1				-11.25		14.64		1

		0		12.81		1				0		12.81		1

		-0.5		12.81		1				-0.5		12.81		1

		-10		12.81		1				-10		12.81		1

		-10.25		12.81		1				-10.25		12.81		1

		-10.75		12.81		1				-10.75		12.81		1

		-11.25		12.81		1				-11.25		12.81		1

		0.5		10.98		1				0.5		10.98		1

		0.25		10.98		1				0.25		10.98		1

		-10		10.98		1				-10		10.98		1

		-10.5		10.98		1				-10.5		10.98		1

		-10.75		10.98		1				-10.75		10.98		1

		-11.25		10.98		1				-11.25		10.98		1

		-11.75		10.98		1				-11.75		10.98		1

		0.5		9.15		1				0.5		9.15		1

		-9.25		9.15		1				-9.25		9.15		1

		-10.5		9.15		1				-10.5		9.15		1

		0.5		7.32		1				0.5		7.32		1

		-10.5		7.32		1				-10.5		7.32		1

		-10.5		5.49		1				-10.5		5.49		1

		-11.25		5.49		1				-11.25		5.49		1

		1		3.66		1				1		3.66		1

		0.75		3.66		1				0.75		3.66		1

		0.5		3.66		1				0.5		3.66		1

		-8.75		3.66		1				-8.75		3.66		1

		-9.5		3.66		1				-9.5		3.66		1

		-9.75		3.66		1				-9.75		3.66		1

		-9		1.83		1				-9		1.83		1

		-10		1.83		1				-10		1.83		1

		-10.25		1.83		1				-10.25		1.83		1

		-10.75		1.83		1				-10.75		1.83		1

		1		-2.84E-14		1				1		-2.84E-14		1

		-11.25		-2.84E-14		1				-11.25		-2.84E-14		1

		1.5		-1.83		1				1.5		-1.83		1

		1.25		-1.83		1				1.25		-1.83		1

		-9		-1.83		1				-9		-1.83		1

		-10.25		-1.83		1				-10.25		-1.83		1

		1.5		-3.66		1				1.5		-3.66		1

		-9.75		-3.66		1				-9.75		-3.66		1

		1.5		-5.49		1				1.5		-5.49		1

		1.25		-5.49		1				1.25		-5.49		1

		-9		-5.49		1				-9		-5.49		1

		-9.75		-5.49		1				-9.75		-5.49		1

		-10.25		-5.49		1				-10.25		-5.49		1

		-10.5		-5.49		1				-10.5		-5.49		1

		2.5		-7.32		1				2.5		-7.32		1

		1.75		-7.32		1				1.75		-7.32		1

		1.5		-7.32		1				1.5		-7.32		1

		-8.75		-7.32		1				-8.75		-7.32		1

		-9		-7.32		1				-9		-7.32		1

		-9.5		-7.32		1				-9.5		-7.32		1

		-10.5		-7.32		1				-10.5		-7.32		1

		-9.25		-9.15		1				-9.25		-9.15		1

		3		-12.81		1				3		-12.81		1

		2.25		-12.81		1				2.25		-12.81		1

		1.75		-12.81		1				1.75		-12.81		1

		-8.75		-14.64		1				-8.75		-14.64		1

		-9		-14.64		1				-9		-14.64		1

		2		-16.47		1				2		-16.47		1

		-9.25		-16.47		1				-9.25		-16.47		1

		3		-20.13		1				3		-20.13		1

		3.5		-23.79		1				3.5		-23.79		1

		-8		-25.62		1				-8		-25.62		1

		3.5		-27.45		1				3.5		-27.45		1

		3		-27.45		1				3		-27.45		1

		3.75		-29.28		1				3.75		-29.28		1

		-8.25		-29.28		1				-8.25		-29.28		1

		4		-31.11		1				4		-31.11		1

		3.75		-31.11		1				3.75		-31.11		1

		3.25		-31.11		1				3.25		-31.11		1

		2.75		-31.11		1				2.75		-31.11		1

		-7.75		-31.11		1				-7.75		-31.11		1

		2.75		-32.94		1				2.75		-32.94		1

		-8		-32.94		1				-8		-32.94		1

		3.75		-34.77		1				3.75		-34.77		1

		3.25		-34.77		1				3.25		-34.77		1

		3.5		-36.6		1				3.5		-36.6		1

		3.25		-36.6		1				3.25		-36.6		1

		-7.5		-36.6		1				-7.5		-36.6		1

		5.25		-38.43		1				5.25		-38.43		1

		4.75		-38.43		1				4.75		-38.43		1

		3		-38.43		1				3		-38.43		1

		-6.75		-38.43		1				-6.75		-38.43		1

		5		-40.26		1				5		-40.26		1

		4.5		-40.26		1				4.5		-40.26		1

		3.75		-40.26		1				3.75		-40.26		1

		3.5		-40.26		1				3.5		-40.26		1

		-7.5		-40.26		1				-7.5		-40.26		1

		4.25		-42.09		1				4.25		-42.09		1

		3.75		-42.09		1				3.75		-42.09		1

		3.5		-42.09		1				3.5		-42.09		1

		-7		-42.09		1				-7		-42.09		1

		5.25		-43.92		1				5.25		-43.92		1

		4.75		-43.92		1				4.75		-43.92		1

		4.5		-43.92		1				4.5		-43.92		1

		3.5		-43.92		1				3.5		-43.92		1

		4.5		-45.75		1				4.5		-45.75		1

		3.25		-45.75		1				3.25		-45.75		1

		3.25		-47.58		1				3.25		-47.58		1

		-6.75		-47.58		1				-6.75		-47.58		1

		5		-49.41		1				5		-49.41		1

		4.5		-49.41		1				4.5		-49.41		1

		-6.5		-49.41		1				-6.5		-49.41		1

		5.5		-51.24		1				5.5		-51.24		1

		4.25		-51.24		1				4.25		-51.24		1

		4		-51.24		1				4		-51.24		1

		3.75		-51.24		1				3.75		-51.24		1

		3.5		-51.24		1				3.5		-51.24		1

		-6		-51.24		1				-6		-51.24		1

		5.25		-53.07		1				5.25		-53.07		1

		4.75		-53.07		1				4.75		-53.07		1

		4.5		-53.07		1				4.5		-53.07		1

		3.25		-54.9		1				3.25		-54.9		1

		-6.5		-54.9		1				-6.5		-54.9		1

		4.25		-56.73		1				4.25		-56.73		1

		4		-56.73		1				4		-56.73		1

		3.75		-56.73		1				3.75		-56.73		1

		5.25		-58.56		1				5.25		-58.56		1

		4.5		-58.56		1				4.5		-58.56		1

		4		-58.56		1				4		-58.56		1

		-5.75		-58.56		1				-5.75		-58.56		1

		-6		-58.56		1				-6		-58.56		1

		4.5		-60.39		1				4.5		-60.39		1

		3.75		-60.39		1				3.75		-60.39		1

		4		-62.22		1				4		-62.22		1

		3.75		-62.22		1				3.75		-62.22		1

		3.5		-62.22		1				3.5		-62.22		1

		-4.5		-62.22		1				-4.5		-62.22		1

		-5		-64.05		1				-5		-64.05		1

		3.75		-67.71		1				3.75		-67.71		1

		-4.25		-67.71		1				-4.25		-67.71		1

		4.5		-71.37		1				4.5		-71.37		1

		4.25		-71.37		1				4.25		-71.37		1

		-4.25		-71.37		1				-4.25		-71.37		1

		4.5		-73.2		1				4.5		-73.2		1

		4.75		-75.03		1				4.75		-75.03		1

		4.5		-75.03		1				4.5		-75.03		1

		4.5		-76.86		1				4.5		-76.86		1

		4.25		-76.86		1				4.25		-76.86		1

		-3.75		-76.86		1				-3.75		-76.86		1

		4.75		-78.69		1				4.75		-78.69		1

		-3.75		-78.69		1				-3.75		-78.69		1

		4		-80.52		1				4		-80.52		1

		-2.5		-80.52		1				-2.5		-80.52		1

		-3		-80.52		1				-3		-80.52		1

		5.5		-82.35		1				5.5		-82.35		1

		4		-82.35		1				4		-82.35		1

		3.75		-82.35		1				3.75		-82.35		1

		-3.25		-82.35		1				-3.25		-82.35		1

		5.5		-84.18		1				5.5		-84.18		1

		5.25		-84.18		1				5.25		-84.18		1

		4.5		-84.18		1				4.5		-84.18		1

		4		-84.18		1				4		-84.18		1

		-3		-84.18		1				-3		-84.18		1

		-3.25		-84.18		1				-3.25		-84.18		1

		5.25		-86.01		1				5.25		-86.01		1

		4.5		-86.01		1				4.5		-86.01		1

		3.75		-86.01		1				3.75		-86.01		1

		-2.75		-86.01		1				-2.75		-86.01		1

		4.75		-87.84		1				4.75		-87.84		1

		4.5		-87.84		1				4.5		-87.84		1

		5.5		-89.67		1				5.5		-89.67		1

		4.5		-89.67		1				4.5		-89.67		1

		4.25		-89.67		1				4.25		-89.67		1

		3.5		-89.67		1				3.5		-89.67		1

		-2		-89.67		1				-2		-89.67		1

		5.75		-91.5		1				5.75		-91.5		1

		5.5		-91.5		1				5.5		-91.5		1

		4.75		-91.5		1				4.75		-91.5		1

		-1.5		-91.5		1				-1.5		-91.5		1

		-1.75		-91.5		1				-1.75		-91.5		1

		3.25		-93.33		1				3.25		-93.33		1

		-0.75		-93.33		1				-0.75		-93.33		1

		-2.25		-93.33		1				-2.25		-93.33		1

		3.5		-95.16		1				3.5		-95.16		1

		0.25		-95.16		1				0.25		-95.16		1

		-1.5		-95.16		1				-1.5		-95.16		1

		3		-96.99		1				3		-96.99		1

		2.5		-96.99		1				2.5		-96.99		1

		-1.25		-96.99		1				-1.25		-96.99		1

		2.25		-98.82		1				2.25		-98.82		1

		1.5		-98.82		1				1.5		-98.82		1

		-1.5		-98.82		1				-1.5		-98.82		1

		-1.75		-98.82		1				-1.75		-98.82		1

		1.75		-100.65		1				1.75		-100.65		1

		0		-100.65		1				0		-100.65		1

		-0.25		-100.65		1				-0.25		-100.65		1

		-0.5		-100.65		1				-0.5		-100.65		1

		1		-102.48		1				1		-102.48		1

		-0.25		-102.48		1				-0.25		-102.48		1

		-0.75		-102.48		1				-0.75		-102.48		1

		-1.25		-102.48		1				-1.25		-102.48		1

		-1.75		-102.48		1				-1.75		-102.48		1

		3.5		-104.31		1				3.5		-104.31		1

		3.25		-104.31		1				3.25		-104.31		1

		2		-104.31		1				2		-104.31		1

		1.75		-104.31		1				1.75		-104.31		1

		3.5		-106.14		1				3.5		-106.14		1

		3		-106.14		1				3		-106.14		1

		2.5		-106.14		1				2.5		-106.14		1

		1.75		-106.14		1				1.75		-106.14		1

		4		-107.97		1				4		-107.97		1

		3.5		-107.97		1				3.5		-107.97		1

		2.75		-107.97		1				2.75		-107.97		1

		2.5		-109.8		1				2.5		-109.8		1

		2		-111.63		1				2		-111.63		1

		9.75		181.17		0				9.75		181.17		0

		9.5		181.17		0

		9.25		181.17		0

		9		181.17		0

		8.75		181.17		0

		8.5		181.17		0

		8.25		181.17		0

		8		181.17		0

		7.75		181.17		0

		7.5		181.17		0

		7.25		181.17		0

		7		181.17		0

		6.75		181.17		0

		6.5		181.17		0

		6.25		181.17		0

		6		181.17		0

		5.75		181.17		0

		5.5		181.17		0

		5.25		181.17		0

		5		181.17		0

		4.75		181.17		0

		4.5		181.17		0

		4.25		181.17		0

		4		181.17		0

		3.75		181.17		0

		3.5		181.17		0

		3.25		181.17		0

		3		181.17		0

		2.75		181.17		0

		2.5		181.17		0

		2.25		181.17		0

		2		181.17		0

		1.75		181.17		0

		1.5		181.17		0

		1.25		181.17		0

		1		181.17		0

		0.75		181.17		0

		0.5		181.17		0

		0.25		181.17		0

		0		181.17		0

		-0.25		181.17		0

		-0.5		181.17		0

		-0.75		181.17		0

		-1		181.17		0

		-1.25		181.17		0

		-1.5		181.17		0

		-1.75		181.17		0

		-2		181.17		0

		-2.25		181.17		0

		-2.5		181.17		0

		-2.75		181.17		0

		-3		181.17		0

		-3.25		181.17		0

		-3.5		181.17		0

		-3.75		181.17		0

		-4		181.17		0

		-4.25		181.17		0

		-4.5		181.17		0

		-4.75		181.17		0

		-5		181.17		0

		-5.25		181.17		0

		-5.5		181.17		0

		-5.75		181.17		0

		-6		181.17		0

		-6.25		181.17		0

		-6.5		181.17		0

		-6.75		181.17		0

		-7		181.17		0

		-7.25		181.17		0

		-7.5		181.17		0

		-7.75		181.17		0

		-8		181.17		0

		-8.25		181.17		0

		-8.5		181.17		0

		-8.75		181.17		0

		-9		181.17		0

		-9.25		181.17		0

		-9.5		181.17		0

		-9.75		181.17		0

		-10		181.17		0

		-10.25		181.17		0

		-10.5		181.17		0

		-10.75		181.17		0

		-11		181.17		0

		-11.25		181.17		0

		-11.5		181.17		0

		-11.75		181.17		0

		-12		181.17		0

		-12.25		181.17		0

		-12.5		181.17		0

		-12.75		181.17		0

		-13		181.17		0

		-13.25		181.17		0

		-13.5		181.17		0

		-13.75		181.17		0

		-14		181.17		0

		-14.25		181.17		0

		-14.5		181.17		0

		-14.75		181.17		0

		-15		181.17		0

		-15.25		181.17		0

		-15.5		181.17		0

		-15.75		181.17		0

		-16		181.17		0

		-16.25		181.17		0

		-16.5		181.17		0

		-16.75		181.17		0

		-17		181.17		0

		-17.25		181.17		0

		-17.5		181.17		0

		-17.75		181.17		0

		-18		181.17		0

		-18.25		181.17		0

		-18.5		181.17		0

		-18.75		181.17		0

		-19		181.17		0

		-19.25		181.17		0

		-19.5		181.17		0

		-19.75		181.17		0

		-20		181.17		0

		-20.25		181.17		0

		-20.5		181.17		0

		-20.75		181.17		0

		-21		181.17		0
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