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ABSTRACT

Over the past decade Structural Genomics projects have accumulated structural data for
over 75,000 proteins, but the function of most of them are unknown due to limitation of
laboratory approaches for discovering the functionality of proteins. Computational methods play
key roles to minimize this gap. Graphs are often used to describe and analyze the geometry and
physicochemical composition of bimolecular structures such as, chemical compounds and
protein functional sites.

In this study, we developed an innovative graph method to represent protein surface
based on how amino acid residues contact with each other. Further, we implemented a shortest-
path graph kernel method to calculate similarities between the graphs. The nearest-neighbor
method was used to compare the similarity of kernel values and predict functional sites of
protein structures.

The proposed approach achieved accuracy as high as 77.1% and would provide a useful

tool for functional site prediction.
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1. INTRODUCTION

1.1. Problem Statements

Over the past decade Structural Genomics (SG) projects have accumulated structural data
for over 75,000 proteins. But the function of many of them are unknown. To analyze these
structure data could lead to a better understanding of their function [1]. Most of the early
deposited protein structures were annotated with at least some understanding of function, even if
the functional residues remained incompletely identified. Structural genomics projects resulted in
many structures for which not only functional residues, but also the overall biological function of
the molecule is unknown [2]. The major challenge of structural biology is to better understand
the function of proteins. However, to determine protein function using experimental methods is
costly and time-consuming. Therefore, computational methods are necessary for functional
analysis for this rapidly growing data.
1.2.  Importance of Functional Site Prediction

Functional sites (e.g. Zinc-binding site, phosphorylation site, DNA binding site) include
one or more functional residues that collectively provide desired functionality. Such sites include
surface pockets that provide interfaces with ligands or catalytic triads for enzymatic activity, etc.
[4]. Being able to predict functional sites in a novel protein will help understand its function. To
reveal the structural and functional mechanism of an enzyme molecule, we need to know its
active site. In addition, to conduct structure based drug design by targeting an enzyme molecule
we also need to know its active site. Identification of the functional site which directly mediate
drug interaction is the first step in structure-based drug design (e.g. Mycobacterium tuberculosis
proteins for structure-based drug design) [6]. The compounds which are bound to the target’s

active site could interfere with protein function [5]. Further, understanding of an active site, its



geometry and physical and chemical properties are necessary for efficient design of inhibitors of
malignant proteins [18].
1.2.1. Enzyme Catalytic Site Prediction

Catalytic sites are defined as “residues that are directly involved in the enzyme-mediated
reaction pathway, meaning that catalytic sites represent a small subset of all functional sites”
[16]. Catalytic site contains catalytic machinery of the enzyme that performs the catalytic
reaction. Historically, catalytic site prediction was based on detecting conservation patterns
across a family followed by increasingly powerful sequence-based scoring functions [7] .Those
methods depend on information from solved 3D structures, analyzing features such as the
geometric arrangements of residues, surface geometry electrostatics, energetics and chemical
properties [8]. Recently, catalytic site prediction methods combine features derived from
sequence and structure or use sequence data in combination with predicted structure features to
improve accuracy [9].
1.2.2. Phosphorylation Site Prediction

Phosphorylation is a post-translational modification on proteins to control and regulate
mostly every cellular behavior in eukaryotic cells such as DNA repair [10], environmental stress
response [11], metabolism [12], immune response [13], and cellular differentiation [14].
Phosphorylated sites are known to be present often in intrinsically disordered regions of proteins
that lack unique tertiary structures, and thus less information is available about the structures of
phosphorylated sites. An important challenge is the prediction of phosphorylation sites in protein
sequences obtained from mass-scale sequencing of genomes. Phosphorylation sites may aid in
the determination of the functions of a protein or even differentiating mechanisms of protein

functions in healthy and diseased states.



Historically, low-throughput and recently high-throughput biological techniques have
been used to discover the phosphorylation site. However, those methods are associated with
some limitations such as, low-throughput techniques are time consuming and expensive to
perform. In addition, high-throughput methods such as mass spectrometry method showed that
the method cannot identify the protein kinase which is responsible for catalyzing the
phosphorylation of the given site [15]. Additionally, mass spectrometry method requires very
expensive instruments and specialized training to use the instruments. Due to those limitations of
both low-throughput and high-throughput methods, computational methods are becoming of
more interest to predict phosphorylation sites in proteins. Computational methods that have been
used to predict physphorylation sites differ in many aspects:(1) machine learning technique used,
(2) the number of residues surrounding the phosphorylation site that are taken into account, (3)
whether the method uses only sequence information or also uses structural information, (4)
whether the tool includes models specific to a particular family, and (5) the source(s) of known
phosphorylation sites used for training and testing the method.

1.3.  Existing Methods for Protein Functional Sites Prediction
1.3.1. Template-Based Methods

Template-based methods construct local structural motifs or patterns that characterize
functional sites. The structural templates are defined using sets of inter-residue or inter-atomic
distances over a set of functional residues. Template-based methods provide an important way of
identifying functional residues. However, those methods do not exploit the power of machine

learning techniques [19].



1.3.2. Methods that Explore Residues’ Microenvironment

Residue microenvironment-based methods are focused on a single residue or position in
the structure and its surrounding small environment. FEATURE is the flagship of the residue
microenvironment-based methods [20]. FEATURE models different properties of the
neighborhood of the functional sites, including atom/residue type, atom/residue physicochemical
properties, chemical groups, and secondary structure information. FEATURE has been used to
predict different functional sites of proteins including calcium binding sites, disulfide bond-

forming sites, enzyme active sites, ATP-binding sites, zinc binding sites, and etc. [19].

1.3.3. Methods that Explore Residues’ Larger Environment

A large group of algorithms and tools have been developed to identify particular classes
of larger structural neighborhoods, e.g. surface patches, pockets, cavities or clefts, which provide
interfaces to ligands or macromolecular partners.
1.3.4. Evolutionary Trace Methods

Evolutionary trace methods discover evolutionary importance of amino acids by
correlating their variations with evolutionary divergences [21]. Several variant s of evolutionary
trace methods have been developed, including a weighted evolutionary trace method [22],
ConSurf [23], and 3D cluster analyses [24].
1.3.5. Methods Based on Graph Representation

Instead of using atomic coordinates directly, graph-based methods start with transforming
protein structures into graphs and then exploit various motif finders, graph similarity measures,
machine learning methods to discover functional sites. Previous studies have used graph theory
to make local structure comparison [25], to predict calcium binding sites [26], and to extract

spatial motifs in protein structure families [27].Despite many successes achieved by graph-based



methods, they suffer from the inability to model actual residue positions and the spatial
orientation of structural neighborhoods [20].
1.4.  Our Approach

In our research approach, we applied the shortest-path kernel method to compare the
similarity between residues’ structural environments and use the resulting similarity measures to
predict protein functional sites. The shortest-path graph kernel method is faster than other graph
kernel methods. Additionally, with shortest-path graph kernel method, assigning weights on
edges of a graph can be implemented easily. We used undirected, labeled, weighted graph. We
used the nearest-neighbor method to predict functional sites based on the similarity measures
given by the shortest-path graph kernel. We explored three variants of the nearest-neighbor
method, namely Max, Average and Top 10 average.

We tested three variants of the nearest neighbor method (NNM), namely NNM_AVE,
NNM_MAX, and NNM_TOP10, to build predictors for functional site prediction. For a test
example, its pairwise similarities to all examples in the training set were calculated using the
shortest-path graph kernel. The three NNMs were defined as follows: (1) Let Ave pos be the
average similarity between the test example and all positive examples, and Ave neg be the
average similarity between the test example and all negative examples. Then, the NNM_AVE
method predicted the test example to be a functional site if Ave pos > Ave neg, and non-
functional otherwise. The prediction score for the test example was defined as Ave_pos-Ave_neg;
(2) Let Max_pos be the maximum similarity between the test example and all positive examples,
and Max_neg be the maximum similarity between the test example and all negative examples.
The NNM_AVE method predicted the test example to be a functional site if Max pos >

Max_neg, and non-functional site otherwise. The prediction score for the test example was



defined as Max_pos-Max_neg; (3) Let Topl0_pos be the average of the 10 highest similarities
between the test example and all positive examples, and Top10_neg be the average of the 10
highest similarities between the test example and all negative examples. In the NNM_TOP10
method, the test example was predicted to be a functional site if Top10_pos > Topl0 neg, and
non-functional site otherwise. The prediction score for the test example was defined as
Topl0_pos-Topl0_neg. All the predictors were evaluated using leave-one-out cross-validation at
protein level, so that when an example was used as the test example, examples from the same

proteins were removed from the training set.



2. LITERATURE REVIEW

2.1. Graph

A graph G=<V, E> consists of a set of vertices (also known as nodes) V and a set of
edges (also known as arcs) E. An edge connects two vertices u and v; v is said to be adjacent to u.
In a directed graph, each edge has a direction from u to v and is written as an ordered pair <u,v>
or u->v [29].In an undirected graph, an edge has no direction and is written as an unordered pair
{u,v} or u<->v. An undirected graph can be represented by a directed graph if every undirected
edge {u,v} is represented by two directed edges <u,v> and <v,u>.

A path in G is a sequence of vertices <v0, v1, v2, ..., vn> such that <vi,vi+1> (or
{vi,vi+1}), for each i from 0 to n-1, is an edge in G. The path is simple if no two vertices are
identical. The path is a cycle if vO=vn. The path is a simple cycle if vO=vn and no other two
vertices are identical.

Graphs are useful for representing networks and maps of roads, railways, airline routes,
pipe systems, telephone lines, electrical connections, prerequisites amongst courses,
dependencies amongst tasks in a manufacturing system, and many other data. A rooted tree is a
special directed graph with a root and that an unrooted tree is a special kind of undirected graph
[30].

2.1.1. Undirected Graph

An undirected graph is a graph in which the nodes are connected by undirected arcs. An
undirected arc is an edge that has no arrow. Both ends of an undirected arc are equivalent; there
is no head or tail. Therefore, an edge in an undirected graph is represented as a set rather than an
ordered pair.

An Undirected graph is an ordered pair with the following properties:



1. The first component ¥ is a finite, non-empty set. The elements of ¥ are called the vertices
of G.

2. The second component £ is a finite set of sets. Each element of £ is a set that is
comprised of exactly two (distinct) vertices. The elements of £are called the edges of G.

For example, consider the undirected graph comprised of four vertices and four edges:

Vi = {ﬂ,b,t‘:,d}
£y = {{ﬂ:b}:{ﬂ':ﬂ}:{b:c}r{c:d}}

The graph can be represented graphically as shown in Figure 1[31]. The vertices are
represented by appropriately labeled circles, and the edges are represented by lines that connect

associated vertices.

Figure 1: Undirected Graph

2.1.2. Adjacency Matrix
The adjacency matrix, sometimes also called the connection matrix, of a simple graph is a
matrix with rows and columns labeled by graph vertices, with a 1 or 0 in position according to

weather and are adjacent or not (Figure 2).

3

000l LRV (L R A
[[] 0ol ] I[l [ | ] [ 1o 1l ]
0001 1100 1o
L1 1o oo 1110

Figure 2: Adjacency Matrix
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For a simple graph with no self-loops, the adjacency matrix must have Os on the diagonal.
For an undirected graph, the adjacency matrix is symmetric [32].
2.2. Shortest Distance Path Algorithm

Shortest distance path problem is an important problem in graph theory and has

applications in communications, transportation, electronics, and bioinformatics problems.

G A

Figure 3: Simple Directed Graph, G, and Its Adjacency Matrix, A

The all-pairs shortest-path problem involves finding the shortest path between all pairs of
vertices in a graph. A graph G= (V, E) comprises a set V of N vertices, {Vi}, and aset E € V X
V' of edges connecting vertices in V. In a directed graph, each edge also has a direction, so
edges (Vi,Vj) and (V;Vi) , i#, are distinct. A graph can be represented as an adjacency
matrix A in which each element (i,j) represents the edge between element i and j. A ;=1 if there

is an edge (Vi,V)) ; otherwise, Aij =0 (Figure 3).
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2.3.  Cross Validation
2.3.1. K-fold Cross-Validation

The K-fold process involves partitioning the data into k separate sets, where Kk is the
number of sets chosen. This division is usually done randomly into k mutually exclusively subset
of approximately equal size. This process is illustrated in Figure. 4. A-1 sets are used to train the
prediction method, and one set is held out and used to test the prediction method. This process is
repeated k times until each subset has been used in the testing set once. In statistical estimation

problems, a value of 10 for k is usually chosen.

All Data Data in k-subsets A-1 Training Data

Figure 4: K-Fold Cross- Validation

2.3.2. Leave-One-Out Cross-Validation

The leave-one-out method is a special case of k-folding, where k is equal to the sample
size (Figure.5).

Leave-one-out cross validation often works well for continuous-error functions such as
the root-mean-square error used in background propagation. It may perform poorly for

discontinuous error functions such as misclassification percentage. If a discontinuous error

10



function is used in the prediction method training, then k-fold cross validation should be used

instead of leave-one-out cross-validation [36].

Training
Data

All Data

*Test Data

Figure 5: Leave-One-Out Cross-Validation

2.4. True Positive vs. False Positive

We measured the performance of the predictions using the following measurements.

= Accuracy :={(TP +TN) / (TP+TN+FP+FN)}x 100%
= Sensitivity: ={TP / (TP + FN) }x 100%
= Specificity := {TN/(TN+FP)}x 100%
Where, TP is true positive, FP is false positive, TN is true negative, and FN is false

negative.

2.5. Percentile

For each protein, we sorted the examples in the order of decreasing prediction scores. We
then looked at the ranks of positive examples. The rank of an example was defined as the
percentage of examples from the same protein that had higher scores than it. For example, for a
given example, if 5% of examples from the same protein had higher prediction scores than it,

then its rank was 0.05. Good predictors should assign higher scores to positive examples than to

11



negatives, thus positive examples should have higher ranks (which correspond to smaller values

for ranks) than negative ones.
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3. RESEARCH APPROACH

3.1. Problem Statement Overview

Predicting enzyme active-sites in proteins is an important problem not only for protein
sciences but also for a variety of practical applications such as drug design. In order to
accomplish their biological function, proteins often interact with different types of external
molecules such as metal ions, prosthetic groups, and various organic compounds.

Enzymes are a fundamental type of proteins which accelerate chemical processes within a
cell, by complexing with the substrate and thus lowering the activation energy of the reaction.
Functional residues play various roles in the catalytic process, such as donating electrons or
polarizing cofactor bonds. Residues that solely bind substrates, cofactors or metals, are not
catalytic residues according to the Catalytic Site Atlas (CSA).

3.2. Research Design

Our goal is to develop effective methods to identify functional residues (active sites) on
protein structures. We focus on two types of functional sites, enzyme catalytic sites and
Phosphorylation sites.

During our research, we explored various graph kernels methods, including shortest-path
graph kernel, random walk, and restricted walk. But, we finally decided to use shortest-path
kernel, because other graph kernels were too computationally demanding, making them
impractical for large datasets. In the evaluation of our methods, we used balanced datasets that
had equal numbers of positive and negative examples. For enzyme catalytic site prediction, a
balanced dataset consisting of 201 negative residues and 201 positive residues was chosen from a
full dataset that had 20398 negative residues and 201 positive residues. For phosphorylation site

prediction, a balanced dataset consisting of 2062 negative residues and 2062 positive residues

13



was chosen from a full dataset that 139795 negative residues and 2062-positive residues. The
source dataset for enzyme catalytic binding sites was obtained from Catalytic Site Atlas
(http://www.ebi.ac.uk/thornton-srv/databases/cgi-bin/CSA/CSA), the full dataset for
phosphorylation site was obtained from
http://www.informatics.indiana.edu/predrag/publications.htm.

Each example (residue) was represented using a graph, which included the amino acid
residue corresponding to the example and the residues that it contacted. Two residues were
considered contacting if the shortest distance between their atoms was less than the sum of the
radii of the corresponding atoms plus 0.5 A. In the graph representation, each amino acid residue
was represented using a node labeled with the 20 PSSM values of the residue. An edge was
added between two nodes if the corresponding residues were contacting.

A shortest-path graph kernel was used to calculate the similarity. Briefly, the first step of
the shortest-path kernel was to transform original graphs into shortest-path graphs. A shortest-
path graph had the same nodes as its original graph, and between each pair of nodes, there was
an edge labeled with the shortest distance between the two nodes in the original graph. Then, the
shortest-path graph kernel compared all pairs of walks of length 1 from different shortest-path
graphs. The comparison of a pair of walks included the comparisons of the involved edges and
vertices. Two vertices were compared using a Gaussian kernel and two edges were compared
using a Brownian kernel.

We used nearest neighbors method to build classifiers for predicting functional sites
using the similarity output by the graph kernel method. All the predictors were evaluated using
leave-one-out cross-validation at protein level, so that when an example was used as the test

example, examples from the same proteins were removed from the training set. Finally in the
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evolution stage, we used various statistical measures such as accuracy, sensitivity, specificity,
and percentile ranks to evaluate the performance of the proposed predictors. Prediction of
enzyme catalytic site residues
3.3.  Prediction of Enzyme Catalytic Site Residues

The Catalytic Site Atlas (CSA) is an online database that collects catalytic residue
annotation for enzymes in the PDB [37]. The database consists of two types of annotated sites:
an original hand-annotated set containing information extracted from the primary literature (LIT)
and a homologous set containing residues inferred by PSI- BLAST [39]. In CSA, enzymes were
hierarchically organized based on the Enzyme Commission (EC) number. There are six groups at
the first level of the hierarchy, which are EC1 through EC6. We used this link
[http://www.ebi.ac.uk/thornton-srv/databases/cgi-bin/CSA/CSA_Show_EC_List.pl] to download
the list of proteins with known catalytic sites. It was a simple process in which the user needs to

enter the EC number into the highlighted text boxes as shown in the Figure 6.

€ 2 C || ww.ebiac.uk/thomtan-sr/databases/cgi bin/ CSA/CSA_Show_EC_Listpl 7o =

W| =
Bl EBI Elrluc\ent\de sequEnces ¥ Iﬂ M I Go
-
¥ Datab
8" "European Bioinformatics Institute c

EEETECN  Downloads  Submissions
Catalfc Site Aflas"'--...2 212

EBIHome  About EBI Groups Senices Toolbox

» Lbpn,
. 1lep, Int3, 1mtz,
r, tmi, 1xdb, ixZe,
. lmge,  lxqy,  lwrd,
xm, lxre,
ewb,  2j%a

Figure 6: Catalytic Site Atlas Download Site
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Then the user click “search” button, so the window shows all PDB IDs which belong to
the particular EC group. We then wrote a simple C# code to extract the PDB ID under each
group. We examined the number of proteins in each group of the second level. Group EC3.4 had
the most proteins at the second level. Thus, we chose EC3.4 as the dataset to test our method. We
used program blastclust from the BLAST [18] to remove redundancy so that pairwise similarity
between proteins was less than 30%. In the end, 73 proteins were left. There were a total of 201
active catalytic site residues (positive examples) and 20,398 non-catalytic site residues (negative
examples) in these proteins. Position-specific scoring matrix (PSSM) of a protein was built by
running 4 iterations of PSI-BLAST [18] against the NCBI non-redundant (nr) database. In the
PSSM, each residue position was associated with 20 values.

3.3.1. List of Active Residues

Reference: Appendix J
3.3.2. Phosphorylation Site

Proteins with phosphorylation sites were downloaded from
http://www.informatics.indiana.edu/predrag/publications.htm. Table 1 shows all protein chains in
the dataset. The dataset consists of 679 protein chains with 2062 phosphorylation site residues
and 139795 non-phosphorylation resides.

Table 1: Selected Phosphorylation Dataset

1d3v_ A | 1946 A | 2fmp A | 1z2c A | lemf A | luss A | 1s70 A | 1lkj_A lneg A | 126z A

1hd7_A | lebf A | 2bka_ A | 4nos_ A | 1php_A | 1g20 A | 2fg5_A | lodx A | lbla_A 1lnid A

1th8 B Im2v B | 1fso A | 1lwez A | 1fex A | lvkh_ A | 1kx5 B | 1kx3_C | 1emz_ A | 1vyi A

ltzy B Iw0j A | loxz A | 2f73 A | 1pso E | loyb A | lhio A | 1s50_ A | 1w7b_A | 1dfc_A

1x0f A lcmi_ A | 1ghc A | 2b8a A | 1doa B | 1a44 A | 1bed A | 1s9j_A Ixd3 A | 1gz2_ A

lhdi_ A 3pmg_A | 1hdx A | 1la3w A | 1f60_A | Ixfb_ A | 1hs6 A | loy2 A | 1leo6 A | 1w85 A

2bbg A | 2nll_ B liru G 1ghd A | lviv A | 1rz4d A | 1r55 A | 1kb9 B | 10k3_A | 1hm5_A

2cp6_A | 1gk9 A | 1g33_A | layj A 2cpe A | 1gklLA | 1rjv. A | lega A | 1h9f A | 1h9d_B

1jk0_B laSe A | 1bd8 A | Imy7 A | 1ul9 A | lajw A | 1kI9 A | 1hlo A | 2ngr A | 1gpg_A

1no8 A | 2b3y A | 1df0_A | 1ddb A | 1gzd A | 1m6d_A | lokc A | lcew | Ixly A le3o0 C

1sm2_A | lyat A | 1hhl_A | 3pgm A | 3lzt A 1dnl_A | 1gjb_A | 1fdj_A 1fw8_A | 1pbl A

lom2_ A | 1u5r A | 2gj4 A | likn C lov3 A | 1b89 A |1ljey A |2cgn A |1lbg A | lunl A
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Table 1: Selected Phosphorylation Dataset(continued)

Imr3 F | 1nw9 B | 1ckt A | 1q79_A | liru E 12 _A 1v6f A | 1ds6_ A | 1wgf A | 2hf3 A

1ull X 1u8f O | 1a5r A | Irhw A | 1kem A | 1ukh A | 1g0w A | 1r3s A | 1hwx A | leji_ A

lhcn B lir3 A 1lig8 A | 1gpu A | 1id3 B | 1sjg A | 1go4 A | 1jh4a A | 1mx3 A | 1tdq A

1gsd A | 2btm A | lcwd L | 1tgd A 1zs6 A | 2trc P 1tub A | lusu A | 1vel A | 1uu3_A

1f7u_A leqz A | luhg A | 2dmc A | 2cob A | 1s9i A | lawd A | 1mab A | 1kfu L 1t2m_A

1ghl_A ljas A 1kx5 C | lomw A | lajs A | layz A | 1nr7_ A | 1I0l H 1k3z B | 2aeb A

1s3s G Imhl A | 1p3m_H | 1lwnj A | 1hdr A | 1lyga A | 1sph_ A | 2c2h A | liat A lggw A

lnue A | lhio B luew A | 1sgn A | 2cq4 A | 1psy A | 1ud6 A | 1gh6 A | 1phk A | 1nm1 A

Iw8m A | 2fmu_A | 1flg A | lauz A | 1fwd A | 1z07 A | 1ppj H | llsg A 1gji_ A 1g0u_D

Ixd3 B | 1re6 A | 1nuy A | 1vjd A 1twf B | 1pvd A | lhuw A | 1jfi B liru C 2blp A

1933_A | 1g0u_lI 1kbh B | 1gt0 C 1hh4d E | 1ge3_ A | 2aga A | 2b6o A | 1I18b A 2nzu_L

Imgi A | 1f05 A | 1s32. D | ludm A | 103x_A | 2gjs A | 2axl_A | lucn_ A | lju5 A 2ayu_A

Inf7_A ldsy A | 1sgi_ A | luju A 1rf8 A | 1jan_ A | 1kx5 A | 1e32 A | Inrg A | 1kmg A

1c44 A | 1e9g_A | lbeh_A | 1dk2_A | lney A | 1ka5_A | lud7_A | 1t3y A | 1lfb_A 1ghf_A

ltzy A lpch_ A | 2fxu_A | 1g62_ A | 1po5 A | 1g91_ A | 2f71_A | 1x88 A | loy3 C | lgwt A

1d2n_A | 1mol_A | 2bcg G | 1u3y A | lone A | 1nvu_S | 1gr5_ A | 1h95 A | 1dkf B 2ayn_A

2lfb_A 1lkk_ A | logj_ A | liuy A | 1khu A | locs A | 1rw5_A | 1nw3 A | laab A | 1d4b_A

2akz_ A | 118y A | 1In6_A | 2f34 A | ledu A | likn_D | 1hgu_A | lom4_A | 2j4z_A Ixmi_A

liyr A 20za_A | Inzp_ A | 1jk7_A | Inkp_A | 1kmt_A | Irho_ A | 1b66 A | 2cwn_A | 1t4dh_A

Im9m_A | 2cui_ A | 2cpt A | lias_A Imjd_A | 1g0u_L | 1zok A | 1ng2_A | 1cit A lvdn_A

In3K A | 1efl. C | 1bup A | 1nh2_D | lhgs_ A | 1llfo A | 1t64 A | 1tub B | 1xh6_A | 1g8g_A

2i47_A 1bfg_ A | laxi_ A | 1ci4_A leqgz_ B | 1gky A | 1ptf A | 1cjy A | 1khx A | lkoy A

2ac0_A | 1liu2 A | 1wel_ A | 1mlc A | 1n8p_A | 1kx5 D | 1x4c_A | 1go5 B | lcvu_A | 1rbs_A

Inxk_ A | 1jdh_A | lolz A | Imxe A | 4pep_A | loct C | 1ddj_ A | 1k8K_A | 2fmm_A | 1aOr_P

1hm6_A | 3psg_ A | 1x7y A | 1rdg_E 1ch0_A | Ixpa_ A | lopj_ A | 2bid_A | 1n54 B | 2pil_A

1row_ A | 1wg5_A | ljeb B | 1g0u_E | 1pin_A | 1dgg_A | lyaa A | 3ull_A 1x79_A | 1s4b P

2bcg Y | 1ubl A |loey J |1sms_A |2ad9 A |1gls C | 1jilb_ A | 2b0I_A | 1h2t Z laoi_C

ljse_A lua2 A | 2all_ A | 1lrwy A | 1sif A lak7_A | lowx_A | Ixjd_A | 1j3x_ A | 1Irw2_A

1zai_ A 1f16_A | 1pil A | 1pme_ A | Ixw6_A | 2c2v_S | 1id3 D | 2hxm_A | 1glc_A | 1st6_A

lulg A | lhuu A | 1pic A | 1j19 A | 1lbpo A | 1e31_A | 1cm8 A | 1ni2. A | 1bi9 A | 1bd7_A

1k50_A | 1dm5_A | 1de4_ C | Ind7_A | 1r3b_ A | 2g50_A | 1bif A | Imdy A | 1nOw_A | 1gad_A

1liu_A 1928 A | 2c78 A | 113k A | 1n0Oy_A | lain_ A | 1sid_A | Iw2f A | 1gg2. G | Imdm_A

1la12 A | 2c4j_A | 1ssu_A | lfot A 1fmk_A | 1sw8_A | 1tf7_ A | 1lefl_ A | lomw_G | 1srs A

lhen A | 1ygp A | 2upl A | legw A | 1wk0 A | Inty A | ljdw A | 1ppj_ A | lefc_A 1lvbg_A

lytg_A 1dce_ B | 1j2m_A | 1c3d_A | 10b3 A | 1I0b_ A | 1g8f A | 1yuw A | 1gpc_A | 2b5h_A

1rhs:A Ixpc A | Ibxl_ A | lwms A | 1dhs A | 1sva_1l | 2ggm_A | 1leSw_A | 1bhg A | 1xox_A

3gpd_G | lefv. A | 1j8f A | 1yfm_A | 1gde_ A | 1up5 A | 1twf A | 1g0u_C | 1z0f A | lyhw A

1t15_A 1kbl_A | 1p7h_L | 2b5i_C luze A | 2gfs_ A | 106l_A | 1pgl A | 1k99 A | 1dkg_D

lydl_ A 2ifg_A Ix4n_A | 1ctg A 1p5f A | 1gd0_A | ladt A | 1x5u_A | lumk_ A | 2cof A

1w80_A | 1vhr A | ljpa A | ll6n_ A | lbyg A | 1byu A | lefx A |1i0z_A | 1gqd A | 1na7_A

1g83_A | 1gl5. A | 1gx4 A | lwib_ A | 1gw5 B | 1dsx A | 1f2f A | 1vig. A | 1cvj A legx A

1a81 A | 1vg8 A | 1pdo A | 2091_A | 1gly A | 1phr A | 1f68 A | 1la5z A | lhio D lamm_A

luse A | 1bx4 A | 1blx_ A | 1cOf A | 2cqi A | 1t46_A | 1gg3_ A | 1jr1 A 1fim_ A | 1glc_A

ligd A 1bf5_ A | 1wbt_ A | lluf A 1que_A | 2gst A | lllc_A 1fhs_ A | loec A | 1bj4 A

1j0x_O Ixkk_ A | 2ifl_ A | 2f8a A | 1th3 A | 1h6v_A | liru |l 1h7s A | 2shp A | 2dnt A

1kyf A | laww_A | 1pa7_A | 1kn0O_A | Imld A | 2fo0_ A | 2j7y A | 1gqdv_A | 1tjx A 3ars_A

ldn_A le42 A | 1kv3_A | laoa A |lexb E | 1trn A | liyx A | 1fi6_A 1dOn_A | 1u5f A

1g7n_ A | luw2_A | 2fym_A | 2gdg_A | 1fbv_ A | liru_B 1i10 A | 1vg0 A | 1prx A | Imex A

lhms A | Indh A | 2al6_ A | 1bbz A | 1ftp A | 2hue C | liru_2 1p15_ A | lyvh A | 1gki_A

2nng_A | tad A | 1f8u_A | 1pne_ A | 1lld_A | 1lez4d A |1lyag A | li2m A | 1j7d B lawj_A
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Table 1: Selected Phosphorylation Dataset(continued)

lu7b A | 1gri_ A levs C | 1rv3 A | Ifit A 1d5t A | 2fnd A | 1ds6 B | 1fvr A 1gkm_A

lej5 A lodr A | 1bkl A | 2f9d A | 1k4t A | lopk A | 5pnt A | 2ch5 A | 1bwy A | 1foe A

1fil_ A 1fu6 A | 1vi8 A | 1fgk A | 2h6f B | 1b56 A | 1bgl A | 1gcq A | 1us7 B Ixws_A

1qcf A laya A | 1j3d_A | 9ldt A 2fb7_A | 1k8k C | lerj A lzww A | 2d4c A | loed E

lyz1 A | loed C | 1ryh A | laui A 1gy5 A | 2b%e A | 1bjt A 1v04 A | Wl3_A ltaz A

Imvc A | 2cdk A | 1kqgo A | 1gml_ A | 1tzd A | lign A | 1gzk A | loed B | 1gpl A

3.3.2.1. List of Active Residues

Reference: Appendix |
3.3.3. Balanced Dataset

In our original datasets; the catalytic site dataset consisting of 73 protein chains with 201
active catalytic site residues and 20398 non-active resides and the phosphorylation site dataset
consisted of 679 protein chains consisting of 2062 e phosphorylation site residues and 139795
non-active resides. Both datasets were extremely unbalanced. Using such datasets to evaluate
prediction methods is problematic. Thus, we constructed balanced datasets which consisted of all
the positive residues and equal number of randomly selected negative residues. The balanced
dataset for enzyme catalytic sites consisted of 201 active residues and 201 non-active sites, and
the balanced dataset for phosphorylation site consisted of 2062 active site residues and 2062 non-
active site residues.

3.3.4. Position-Specific Scoring Matrix Calculations (PSSM)

The PSSM shows revolutionary conservation on each residue position of the proteins.
Before we calculated the PSSM, we needed to download the PDB files of each corresponding
protein sequence [http://ftp.wwpdb.org/pub/pdb/data/biounit/coordinates/all/]. These files are
formatted as .gz files; therefore, we needed to decompress the file before using it in the
calculations. We used blast-2.2.25+ program and NR database to calculate PSSM for proteins on

Microsoft Windows and wrote a simple program process the files in a batch as shown below.
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Process p = new Process();

p.Startinfo.UseShellExecute = false;

p.Startinfo.RedirectStandardOutput = true;

p.Startinfo.FileName = "C:\\blast-2.2.25+\\bin\\psiblast.exe";

p.Startinfo.Arguments = string.Format("{0}", "-query " + FileNameIN + " -db C:\\blast-2.2.25+\\db\\nr -num_iterations
2 -out_ascii_pssm " + FileNameOUT);

p.Start();

The full code of the above process is in Appendix C.

The program generated PSSM file for each of the protein sequence. The following
example illustrates a line in a PSSM file. In this example, the first column show the sequence
index of the amino acid, and “A” is the identify of it, the following 20 values are the PSSM
values for this position. At the end of the line, 0.59 is entropy value of associated with this
position.

Example: Sample record of .PSSM

1A 52-2:21-1-21-2-2-3-1-2-322-1-3-3-1 77 0 0 0 0 0 010 0 0 0 0 0 0 013 0 0 0 0 0591#)

3.3.5. Calculate Distance between Atoms and Check the Contacting

In our research approach, the number of residues in a graph is decided by the number of
neighboring residues that the center residue contacts. So, we needed to calculate the distance
between all pairs of residues. The following process [Figure 7] was used to calculate the distance

between all pairs of residues.
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Figure 7: Process of Check Contacting

As shown in Figure 7, first we needed to download the PDB file of each protein chain.
Then the PDB file was used to extract the geometric coordinates of the given residue (X, v, z2).

Next we used these coordinates and applied the following formula to calculate the distance

between known atoms.

d1=v(x1-x2)%+ (y1-y2)%+ (z1-22)?
dl is the distance between any two atoms while (x1, y1, z1) and (x2, y2, z2) are the

geometric coordinate of the two atoms.
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Van der Waals radii of atoms were used to determine whether two atoms are contacting

using the following formula.
D1 <= (R1+R2+0.5)

Where D1 is the distance between two atoms and R1 and R2 are radius for the two atoms.
If the above condition is true when the two atoms contact, In order to implement this calculation
process, we wrote a C# program code (see Appendix G). Our program automatically created a
distance matrix (.dist) file which included all the atom combinations of a given sequence with
information whether the atoms contacted or not.

For example: the residue (atom) in the PDB index 2 position and residue (atom) in PDB
index 3 position have contacted each other. So, as noted before in our experiment, these

contacted residues were used to create a sub graph.

2 A_ 3 Al :1.33441
Example of a non-contact residue.
4 A _ 2 A 414432

The above record indicates that the residue in PDB index position 2 and the residue in
PDB index position 4 were not contacted.

The program we wrote generated the matrix with residues combination. For example, if
we had 100 residues on the particular PDB file, the program made 100%100 records as its output.

A part of the sample output file is in Appendix J. We did not attach a full output PDB file
because of the large number of records it contains. Other important thing is program running
time so we used the Windows operating system with a dual process machine. It took

approximately 3 days to complete the distance calculation on a 100 protein chain sequence.
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3.3.6. Generate Set of Graphs

Each residue was represented using a graph, which included the amino acid residue
corresponding of interest and the residues that it contacted. In the graph representation, each
amino acid residue was represented using a node labeled with the 20 PSSM values of the residue.
An edge was added between two nodes if the corresponding residues were contacting.

Some examples of graphs and their adjacent matrixes are shown in Figure 8.The first
column and first row shows the label of the each residue which makes it easier to identify each
residue in a graph. The rest of the rows and columns indicate whether or not these residue
contact each other. As a default, we used 0 to indicate same residue. That is why the diagonal of
the matrix became O while 0 in other positions indicate that these two atoms do not contact. The

1 means those residues contact each other.

. n n
s ‘\1 \ { ! F \ ."’ \\ | 4 A )
1 ,—‘ 3 1 3 [ 4 | — N
l_\- y, W, . \}\_/J \-_Tf § M T/I“\r_ —
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4(1(of1]|0 411000

Figure 8: Adjacent Matrix with Undirected Graph

We developed a program to implement the shortest-path graph kernel on the adjacent

matrix which converts the original graph into shortest-path graph.
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3.3.7. Normalization Labels of Vertices
We normalized the labels of the graph vertices using the linear normalization process. For
each attribute, we found the maximum and the minimal values. Then we used the following

formula to normalized vertex labels for all the graphs.
Linear Normalization(X1) =(X-Min)/ (Max-Min)

X1 is the normalized value and X is the original value, Min is the minimum value and

Max is the maximum value.

3.4. Development of Kernel for Calculating Similarity between Two Graphs

We used the shortest-path graph kernel to compare two graphs as proposed in [40]. The
first step of the shortest-path kernel is to transform original graphs into shortest-path graphs. The
shortest-path graph has the same nodes as its original graph, and between each pair of nodes,
there is an edge labeled with the shortest distance between the two nodes in the original graph. In
the current study, the edge label was referred to as the weight of the edge. This transformation
can be done using any algorithm that solves the all-pairs-shortest-paths problem. In the current
study, the Floyd-Warshall algorithm was used.

Let G1 and G be two original graphs. They are transformed into shortest-path graphs S;
(V1, E1) and Sz (V2, E2), where V1 and V> are the sets of nodes in S1 and Sz respectively, and E:
and E> are the sets of edges in S1 and Sz respectively. Then a kernel function is used to calculate

the similarity between G1 and G2 by comparing all pairs of edges between S; and S,.

K(G,,G,) = z Zkedge(el’eZ)

e cEe,€E,
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Where, Kedge () is a kernel function for comparing two edges (including the node labels
and the edge weight).
Let el be the edge between nodes vi and wi, and e, be the edge between nodes vz and ws.

Then,

kedge(el ’ ez) = knode(vl ! V2 ) * kweight(el ' ez) * knode(Wl ’ WZ)
Where, knode( ) is a kernel function for comparing the labels of two nodes, and Kueignt( ) is

a kernel function for comparing the weights of two edges. These two functions are defined in

Borgward et al.(2005):

labels (v) — labels (w) ||®

267 )

knode(v’ W) = eXp (_ ”

Where, labels (v) returns the vector of attributes associated with node v. Note that Knoge ()

1
is a Gaussian kernel function. 25 was set to 72 by trying different values between 32 and 128

with increments of 2.
kweight(e1’ ez) = maX( 0, C_| Welght (el) - Welght (ez) |)

Where, weight (e) returns the weight of edge e. Kweignt () is @ Brownian bridge kernel that
assigns the highest value to the edges that are identical in length. Constant ¢ was set to 2 as in
Borgward et al.(2005).

In our application, the labels of vertices are the PSSM values associated with the

corresponding residues.
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4. EVALUATION OF THE PREDICTORS

We use the shortest-path graph kernel to calculate similarities between all pairs of graph.
We used three variants of the nearest neighbor method to predict functional sites using the
similarity measures output by the graph kernel.
4.1. Results and Discussion

In our research, we considered 73 enzymes and 679 proteins with phosphorylation sites.
The set of enzymes consisted of 201 catalytic site residues and 20398 non-catalytic site residues.
The set of phosphorylation site proteins consisted of 2062 phosphorylation sites and 139795 non-
phosphorylation site residues. A balanced dataset were obtained for each of the dataset. The
balanced dataset had all the functional residues from the original dataset and an equal number of
randomly chosen non-functional residues. We implemented the shortest-path graph kernel to
calculate the similarity between graphs and use nearest neighbor method to predict functional
site. The prediction results are evaluated using TP, FP, accuracy, sensitivity, specificity. Table 2
and 3 show the results for predicting enzyme catalytic sites and phosphorylation sites
respectively. Among the three nearest neighbor variants, the NNM_AVE method achieved the
best accuracy, with 77.1% for predicting enzyme catalytic sites and 63.8% for predicting
phosphorylation sites among the three variants, NNM_TOP10AVE) achieved the best sensitivity
(77.6% sensitivity) for catalytic site prediction, but NNM_MAX achieved the best sensitivity
(53.t%) for phosphorylation site prediction Overall, NNM_AVE is the best among the three
NNM variants.

We exam the location of the FP predictions on the protein structures and found that some

of them are very close to a real functional site residue. For example, among the 46 FP that
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Table 2: Results for Predicting Enzyme Catalytic Sites

Enzyme catalytic
site
TP |TP %|FN|FN% | FP |[FP% [TN[TN% | Contact | Not Contact |Accuracy|Sensitivity|Specificity
NNM_MAX 150 [74.5%]51 [25.3%| 64 |31.8%]|137(68.1%| 5 59 71.3% |74.5% 68.1%
NNM_AVE 155 [77.1%46 |22.8%| 46 [22.8%]|155|77.1%| 5 41 77.1% [77.1% 77.1%
NNM_TOP10AVE 156 [77.6%}45 [22.3%| 51 |25.3%]|150(74.6%| 5 46 76.1% |77.6% 74.6%
Table 3: Results for Predicting Phosphorylation Sites

Phosphorylation

TP TP% [FN [FN% |FP |FP% (TN |[TN% | Contact CN:gatact Accuracy (Sensitivity|Specificity)|
NNM_MAX 1104 [53.5% [958 [46.4%|758 [36.7% |1304[50.1% (73 685 58.3% 53.5% 50.1%
NNM_AVE 1054 [51.1%11008148.8% (482 [23.3% [1580 [76.6% | 54 428 63.8% [BL.1% 76.6%
NNM_TOP10AVE [ 1085 [52.6% (977 [47.3%|667 [32.3  |1395|67.6% | 60 607 60.1% 52.6% 67.6%




NNM_AVE reported, 5 of them were contacting with a real functional sites. Among the 482 FPs
that NNM_AVE reported, 54 of them contact with a real functional site residue.

In addition to TP, FP, accuracy, sensitivity, specificity, we also used the percentile
ranking to evaluate the performance of the method. The percentile rank of a residue is the
percentages of residues of the same protein that has a higher prediction score than it. In the ideal
case, all functional sites have higher prediction scores than non-functional residues, therefore
should have very low percentile ranks. Table 4 shows the percentile ranks of all enzyme

catalytic residues when NNM_AVE was used.
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Table 4: Percentile Rank of Enzyme Catalytic Residues

Protein |[Pos] |Percentile Protein [[Pos] |Percentile Protein |[Pos] |Percentile
Impp_A|Pos2 [0.0122699386503067 |1sca_A |[Pos75 |0.0136363636363636 |lnlu_A |P0s150|0.295302013422819
Impp_A|Posl [0.0153374233128834 |1sca_A |Pos74 |0.0181818181818182 |1nlu_A |P0s149|0.486577181208054
1mpp_A|Pos4 [0.0306748466257669 |lsca_A |Pos76 |0.0454545454545455 [1nlu_A |Pos148]|0.577181208053691
1mpp_A|Pos3 |1 1i78 A |Pos78 [0.405498281786942 |1nlu_A |Pos151|0.996644295302013
1tyf A |Pos7 |0.0182926829268293 |(1i78 A |Pos81 (0.426116838487972 |1qtn_A |P0s153|0.0708661417322835
1tyf A |Pos8 |0.317073170731707 |(1i78 A |Pos77 |0.567010309278351 |[1qtn_A |P0s155|0.15748031496063
1tyf A |Pos5 [0.48780487804878  |1i78_A |[Pos80 [0.632302405498282 |[1qgtn_A |Po0s152|0.165354330708661
1tyf A |Pos9 [0.524390243902439 |1i78_A |[Pos79 [0.951890034364261 |(1qgtn_A |Pos154|1

1tyf A |Pos6 |0.75609756097561  |1jhf A |Pos82 [0.0494505494505494 |1gx3_A |Pos1560.0241545893719807
1rtf B |P0s13|0.004587155963302751jhf A |Pos86 |0.0659340659340659 |[1qgx3_A|P0s158|0.0917874396135266
1rtf B |P0s11|0.0275229357798165 |ljhf A |Pos84 (0.186813186813187 |[1gx3_A|P0s157|0.101449275362319
1rtf B |P0s12|0.0321100917431193 |[1jhf A |Pos85 [0.697802197802198 |2bkr_A|P0s160|0.0820512820512821
1rtf_ B |P0s10{0.0596330275229358 |ljhf A [Pos83 [0.906593406593407 |[2bkr_A|P0s161|0.292307692307692
1hr6_A |P0s14|0.0194174757281553 (1t7d_A |Pos88 |[0.0380434782608696 |2bkr_A|P0s162|0.697435897435897
1hr6_B |P0s15|0.0298507462686567 |1t7d_A |Pos89 |[0.25 2bkr_A|P0s163|0.764102564102564
1b65_A |P0s18|0.0936454849498328 |(1t7d_A |Pos87 |0.804347826086957 |2bkr_A|P0s159|0.979487179487179
1b65_A [P0s19(0.096989966555184 [1rgg_A [Pos93 |0.0942028985507246 |lcqq_A|Pos167|0.00632911392405063
1b65_A [P0s20|0.100334448160535 |[1rggq A |Pos92 [0.557971014492754 |1lcqq A |Pos166|0.139240506329114
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Table 4: Percentile Rank of Enzyme Catalytic Residues(continued)

1b65_A |P0s17|0.284280936454849 |1rgg_A |Pos90 |0.659420289855073 |lcqg_A|Posl164(0.253164556962025
1b65_A |P0s16|0.732441471571906 |1rgq_A |Pos91 |0.77536231884058 1cqg_A|Po0s165(0.39873417721519
1r44_A |P0s22|0.0662983425414365 |1pxv_A |Pos94 |0.0256410256410256 |2fqq_A |P0s168|0.0075187969924812
1r44_A |P0s21|0.325966850828729 |2bhg_A |P0s97 |0.0517241379310345 |2fqq_A |P0s169|0.0150375939849624
liec_A |P0s23|0.122340425531915 |2bhg_A |P0s98 |0.35632183908046 2fqg_A |P0s170|0.075187969924812
liec_A |Po0s24|0.579787234042553 |2bhg_A [P0s96 |0.563218390804598 |2fqq_A |P0s171]|0.233082706766917
liec_A |P0s26|0.622340425531915 |2bhg_A [P0s95 |0.649425287356322 |lcvr_A |P0s172|0.350785340314136
liec_A |Po0s27|0.627659574468085 |1lkfu_L |[P0os99 |0.100763358778626 |lcvr_A |P0s175|0.732984293193717
liec_A |P0s25|0.920212765957447 |1kfu_L |P0s102|0.645801526717557 |lcvr_A |P0os174|0.824607329842932
1fo6_A |P0s33|0.119047619047619 |1kfu_L |P0s100|0.806106870229008 |lcvr_A |P0s173/0.905759162303665
1fo6_A |P0s32(0.222222222222222 |1kfu_L |P0s101)|0.862595419847328 |1nIn_A |P0s176|0.00571428571428571
1fo6_A |P0s31(0.369047619047619 |llya_B |P0s103]|0.224299065420561 |1nln_A |P0s179|0.0171428571428571
1fo6_A |P0s29|0.626984126984127 |llya_A |P0s104|0.0823529411764706 |1nIn_A |P0s177|0.0628571428571429
1fo6_A |P0s28|0.853174603174603 |1ge7_A |P0s105|0.392857142857143 |1nin_A |P0s178(0.217142857142857
1fo6_A |P0s30|0.924603174603175 |1ge7_A |P0s106|0.607142857142857 |lgcb_A |P0s182|0.0193704600484262
1cg2_A |P0s34|0.0706214689265537 |1qib_A [P0s107|0.00671140939597315|1gcb_A|P0s183|0.690072639225182
1cg2_A |Po0s37|0.107344632768362 |1tlp_E |[P0s108|0.00357142857142857|1gcb_A|P0s180|0.801452784503632
1cg2_A |P0s36|0.11864406779661 1tlp_E |P0s109|0.342857142857143 |1gcb_A|P0s181(0.941888619854722
1cg2_A |P0s38|0.367231638418079 |1pwv_A |P0s110|0.499259259259259 |1s2k A |P0s184(0.00574712643678161
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Table 4: Percentile Rank of Enzyme Catalytic Residues(continued)

1cg2 A |P0s39|0.748587570621469 |1lam A |Pos113(0.0302267002518892 |1s2k_A |Pos185|0.0862068965517241
1cg2 A |Pos35(0.858757062146893 |1lam A |Pos111|0.0755667506297229 |1rlj A |Pos186|0.00317460317460317
laug A |Pos41|0.0162162162162162 |1lam A |Pos112|0.544080604534005 |1rlj A |Pos187|0.0111111111111111
laug_A |Pos42|0.145945945945946 |1xqw_A |Pos117[0.109848484848485 |1rlj A |Pos188|0.0492063492063492
laug A |P0s40[0.72972972972973  |1xqw_A |Pos1180.113636363636364 |1rlj A |Pos189|0.0936507936507937
119x_A |Pos44|0.544747081712062 |1xqw_A |Pos115(0.121212121212121 |1ili P |P0s1900.0179738562091503
119x_A |P0s43[0.906614785992218 |1xqw A |Pos116|0.223484848484848 |1ili P |Pos191|0.911764705882353
1ca0_B |Pos46|0.00854700854700855|1xqw_A |Pos114|0.856060606060606 |1slm_A |Pos192|0.00478468899521531
1ca0_B |Pos45|0.0512820512820513 |1al6 A |Pos120|0.0131233595800525 |last A |Pos193|0.00549450549450549
1ca0_C |Pos47|0.021978021978022 [1al6_A |Pos119(0.05249343832021  |last A |Pos194|0.604395604395604
1x9y A |Pos51(0.003125 lamp_A|Pos121[0.129554655870445 |1ck7 A |Pos195|0.163478260869565
1x9y A |P0s50|0.009375 1ei5_A |P0s124(0.651709401709402 |1lml_A |Pos196|0.948717948717949
1x9y A |P0s49(0.18125 1ei5 A |P0s123[0.696581196581197 |1leb6 A |Pos197[0.00636942675159236
1x9y A |Pos48|0.190625 lei5 A |Pos125(0.837606837606838 |lile A |P0s200(0.263660017346054
8pch_A |Pos54|0.574358974358974 |1ei5_A |Pos122[0.88034188034188  |lile A |Pos198|0.359930615784909
8pch_A |Pos53|0.635897435897436 |1fy2 A |Pos128(0.0105263157894737 |lile A |Pos199|0.542931483087598
8pch_A |Pos52|0.958974358974359 |1fy2 A |Pos127(0.0263157894736842 |2fqq B |Pos201|0.846153846153846
1cmx_A |P0s56|0.0050251256281407 |1fy2 A |Pos126|0.105263157894737

1cmx_A |Pos55(0.0251256281407035 |1fy2 A |Pos129(0.126315789473684




Table4: Percentile Rank of Enzyme Catalytic Residues(continued)

lecmx_A |P0s58(0.0552763819095477 |1fy2_A |P0s130|0.342105263157895

lcmx_A |P0s57|0.105527638190955 |[lo8a_A |P0s135(0.209803921568627

lazw_A |Pos60|0.0866425992779783 |1lo8a_A |P0s132|0.5

lazw_A |P0s61(0.209386281588448 |1lo8a_A |P0s131]|0.501960784313725

lazw_A |P0s59|0.277978339350181 |[lo8a_A |P0s133(0.543137254901961

Ixgm_A |P0s62|0.606299212598425 |[lo8a_A |P0s134(0.782352941176471

litg_A |Pos64|0.666666666666667 |lysc_A |P0s136]|0.119791666666667

litg_A |P0s63|0.828478964401295 |lysc_A |P0s137|0.169270833333333

1pfq_A |Pos67[0.00296296296296296 |1bcr A |P0s138|0.0577777777777778

1€

1pfg_A |Pos66|0.00444444444444444 1bcr_A |P0s139]0.186666666666667

1pfg_A |Pos65(0.00740740740740741|1bcr_A |P0s140/0.191111111111111

1cbx_A |P0s68|0.393258426966292 |1lbcr_B |Po0s141|0.264285714285714

1cbx_A |P0s69|0.936329588014981 |1llbu_A |Po0s142|0.948186528497409

1ybg_A |P0s70(0.0411764705882353 |1gfm_A |P0s143|0.00156494522691706

2lpr_A |P0s71|0.0114285714285714 |1gfm_A [P0s145(0.00782472613458529

2lpr_A |P0s72|0.0285714285714286 |1gfm_A [P0s144(0.0156494522691706

2lpr_A |P0s73|0.102857142857143 |1hzf A |[P0s146(0.759124087591241

1sca_A |P0s75|0.0136363636363636 |1hzf A |P0s147|0.886861313868613




Figures 9-11 showed the percentile distribution for functional site residues when different
NNM variants were used. Figures 12-14 showed the percentile distribution for non-functional
site residues. These figures showed most of the functional site residues (ranged from 74 to 76)
belong to the 0.0 -0.1 percentile group (Figure 9-11). In contrast most of the non-functional
residues (ranged from 20 to 21) belong to 0.9- 1.0 percentile group (Figure 12-14). So the results
clearly show that functional site residues enriched in the low percentile ranges, which indicated a

good prediction performance.
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Figure 9: Distribution of Percentile for Functional Residues when NNM_MAX was used
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Figure 10: Distribution of Percentile for Functional Residues when NNM_AVE was used
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Figure 11: Distribution of Percentile for Functional Residues when NNM_TOP10AVE was used
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Figure 12: Distribution of Percentile for Non-Functional Residues when NNM_MAX was used
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Figure 13: Distribution of Percentile for Non-Functional Residues when NNM_AVE was used
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Figure 14: Distribution of Percentile for Non-Functional Residues when NNM_TOP10AVE

In summary, among the three variants of NNM, the NNM_AVE achieved the best results
in predicting functional site residues. The enrichment analysis show that in general positive
examples that correspond to functional site residues have higher prediction scores, which mean

lower percentile ranks, than non-functional site residues.
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5. CONCLUSIONS

In this project, we aimed to develop computational methods for predicting protein
functional sites. In our approach, each residue on the protein structure was represented using
graph, whose nodes were labeled with PSSM vectors that show the evolutionary pressure on
each residue position. We develop a shortest-path graph kernel method to compare the similarity
between graphs and used three variants of the nearest neighbor method to build classifiers for
predicting functional sites. We evaluated the methods using two datasets, enzyme catalytic sites
and phosphorylation sites. Leave-one-out cross-validation show that the NNM_AVE achieved
77.1% accuracy in predicting enzyme catalytic sites and 63.8% accuracy in predicting
phosphorylation sites. The results also showed that in general, the classification methods
assigned higher prediction scores to positive examples, which correspond to functional site
residues. Percentile analysis showed that most positive examples have a percentile rank in the

range of 0.0-0.1, which indicates very good prediction performance.
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APPENDIX A. AUTOMATION DOWNLOADING PDB FILE

public static void DownloadPDB(string file)

{

try{
string uri = "ftp://ftp.wwpdb.org/pub/pdb/data/structures/all/mmCIF/" + file;

Uri serverUri = new Uri(uri);
if (serverUri.Scheme != Uri.UriSchemeFtp)
{return;}
FtpWebRequestreqFTP;
regFTP = (FtpWebRequest)FtpWebRequest.Create(new
Uri("ftp://ftp.wwpdb.org/pub/pdb/data/biounit/coordinates/all/" + file));
reqFTP.KeepAlive = false;
reqFTP.Method = WebRequestMethods.Ftp.DownloadFile;
reqFTP.UseBinary = true;
reqFTP.Proxy = null;
reqFTP.UsePassive = false;
FtpWebResponse response = (FtpWebResponse)reqFTP.GetResponse();
Stream responseStream = response.GetResponseStream();
FileStreamwriteStream = new FileStream(file, FileMode.Create);
int Length = 2048; Byte[] buffer = new Byte[Length];
intbytesRead = responseStream.Read(buffer, 0, Length);
while (bytesRead> 0)
{ writeStream.Write(buffer, 0, bytesRead);
bytesRead = responseStream.Read(buffer, 0, Length); }
writeStream.Close();
response.Close();

}
catch (WebExceptionwEX)

{
StreamWriter err = File. AppendText("Error.txt") ;
Console.WriteLine(wEx.Message);
Il MessageBox.Show(wWEx.Message, "Download Error");
err.WriteLine(file.ToString());
err.Close();
}
catch (Exception ex{
StreamWriter err = File.AppendText("Error.txt™);
Console.WriteLine(ex.Message);
err.WriteLine(file.ToString());
err.Close();

¥
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APPENDIX B. AUTOMATION DECOMPRESSING PDB FILES

public static void Decompress(Filelnfo fi)

{

/! Get the stream of the source file.
try

{
if (fi.Exists)

{
using (FileStreaminFile = fi.OpenRead())

{

/I Get original file extension, for example

// "doc" from report.doc.gz.

stringcurFile = fi.FullName;

string origName = curFile.Remove(curFile.Length -
fi.Extension.Length);

//Create the decompressed file.
using (FileStreamoutFile = File.Create(origName))

{

using (GZipStream Decompress = new GZipStream(inFile,
CompressionMode.Decompress))
{
/I Copy the decompression stream
// into the output file.
Decompress.CopyTo(outFile);
Console.WriteLine("Decompressed: {0}", fi.Name);

¥
¥
¥
¥

catch (Exception)

{

throw;

¥
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APPENDIX C. AUTOMATION PSSM FILE GENERATION

using System;

using System.Collections.Generic;
using System.ComponentModel;
using System.Data;

using System.Ling;

using System.Text;

using System.Diagnostics;

using System.lO;

using System.Text.RegularExpressions;
using System.Net;

using System.lO.Compression;
namespace PSSM_ Calculationl

{

class Program

{

static void Main(string[] args)
{
StreamReaderFinalSummaryLast = new StreamReader("SegFile.txt");
string strFinalSummaryLast = FinalSummaryLast.ReadToEnd();
FinalSummaryLast.Close();  // StreamWriterNewFile;
char[] xx = new char[] {"\n' };
char[] pipe = new char[] {'[' };
char[] grether = new char[] {>'};
char[] colon = new char[] { ' };
char[] comor =new char[] {',' };
char[] Minus = new char[] {'-' };
char[] Semicolon =new char[] {";' };
string[] strFinalSummaryLastList = strFinalSummaryLast. ToString(). Trim().Split(grether,
StringSplitOptions.RemoveEmptyEntries);
foreach (var item in strFinalSummaryLastL.ist)

{
if (Istring.IsNullOrWhiteSpace(item ) )

{
string FileNamelN = item.Trim().Substring(0,6) +".txt";
string FileNameOUT =item.Trim().Substring(0,6) +".pssm";
StreamWriterNewFile = new StreamWriter(FileNamelN);
NewFile.WriteLine(">" + item.Trim());
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NewFile.Close();
Console.WriteLine("File Created :" + FileNamelN );

try

{
/I Start the child process.

Process p = new Process();
// Redirect the output stream of the child process.
p.Startinfo.UseShellExecute = false;
p.Startinfo.RedirectStandardOutput = true;
p.Startinfo.FileName = "C:\\blast-2.2.25+\\bin\\psiblast.exe";
p.Startinfo.Arguments = string.Format("{0}", "-query " + FileNameIN + " -db C:\\blast-
2.2.25+\\db\\nr -num_iterations 2 -out_ascii_pssm " + FileNameOUT);
p.Start();
// Do not wait for the child process to exit before
/I reading to the end of its redirected stream.
/I p.WaitForExit();
// Read the output stream first and then wait.
System.Threading.Thread.Sleep(50000);
string output = p.StandardOutput.Read ToEnd();
p.WaitForExit();
/I return output;
Console.WriteLine(output);
¥

catch (Exception ex)

{
Console.WriteLine(ex.Message. ToString());
}
}

}
Console.WriteLine("Compltetd");

Console.ReadLine();
}

¥
k
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APPENDIX D. SAMPLE PART OF PSSM FILE
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APPENDIX E. OUTPUT SAMPLE PART OF RASA FILE

REM Relative accessibilities read from external file "standard.data"

REM File of summed (Sum) and % (per.) accessibilities for

REM RES _NUM  All-atoms Total-Side Main-Chain

REM
RES ARG K 15
RES ASN K 16
RES TRP K 17
RES VALK 18
RES PROK 19
RES THR K 20
RESALAK 21
RES GLN K 22
RES LEUK 23
RESTRP K 24

Non-polar All polar

ABS REL ABS REL ABS REL ABS REL ABS REL

244.06 102.2 203.16 101.0 40.90 109.0 79.44 102.1 164.62 102.3
107.79 74.9107.00 100.7 .79 2.1 24.00 51.9 83.79 85.7

177.23 71.1176.57 83.6 .65 1.7152.52 80.4 24.71 41.4

95.17 62.8 95.02 83.1 .16 .4 95.02 823 .16 4

67.16 49.3 66.95 55.8 .20 1.3 67.16 55.5 .00 .0

47.56 34.1 46.70 459 .86 2.3 15.26 20.2 32.30 50.8

59.57 55.2 50.68 73.0 8.89 23.1 51.39 72.0 8.18 224

124.27 69.6 116.81 82.8 7.46 19.9 35.06 67.1 89.21 70.6

118.19 66.2117.71 834 .48 1.3118.04 829 .15 4

168.62 67.6 159.43 75.5 9.18 24.1 146.46 77.2 22.16 37.1RES GLY

K 25 46.02 57.5 35.30109.2 10.72 22.4 39.46 105.1 6.56 15.4

RES ALAK 26
RES VAL K 27
RESGLY K 28
RES ALAK 29
RES VAL K 30
RESGLY K 31
RES LEU K 32
RES VALK 33
RESSERK 34
RES ALAK 35
RES THR K 36

51.41 476 50.63 729 .78 2.0 50.72 71.1 .69 1.9
90.62 59.8 89.61 784 101 2.7 89.61 77.6 1.01 2.8
4455 55.6 35.60 110.1 8.95 18.7 40.01106.6 4.54 10.7
54.37 50.4 52.03 75.0 2.34 6.1 52.03 729 2.34 6.4
97.16 64.2 97.13 850 .03 .1 9713 841 .03 .1
31.12 38.9 29.23 90.4 1.89 4.0 30.76 81.9 .36 .9
118.13 66.1 114.13 80.9 4.00 10.7 114.13 80.2 4.00 11.0
117.15 77.4 100.88 88.3 16.27 43.8 100.88 87.4 16.27 45.2
80.27 68.9 63.94 81.9 16.34 42.5 38.18 78.6 42.09 61.9
88.51 82.0 59.21 85.3 29.30 76.0 61.30 85.9 27.21 74.4
126.13 90.6 76.21 74.9 49.92 132.9 87.25 115.2 38.88 61.2

END Absolute sums over single chains surface

CHAIN 1K 2155.1

1943.9 2111  1585.8 569.3

END Absolute sums over all chains

TOTAL

2155.1

1944.0 2111  1585.8 569.3
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APPENDIX F. READ THE RASA FILE

class RASA
{
string Residue3;
public string Residue31
{
get { return Residue3; }
set { Residue3 = value; }
}
string PDBINDEX;
public string PDBINDEX1
{
get { return PDBINDEX; }
set { PDBINDEX = value; }
¥
string ChanlD;
public string ChanID1
{
get { return ChaniD; }
set { ChanID =value; } }
string Value;
public string Valuel
{
get { return Value; }
set { Value = value; }

}
public List<RASA> Read(string PDB, string ChanlD)
{
List<RASA>ODbjlstRasa = new List<RASA>();
RASA ObjTempRasa;
StreamReaderFileRasa = new StreamReader(@"RASA\\" + PDB);
char[] Space = new char[]{' ',\t'};
string Line =",
while ((Line =FileRasa.ReadLine())!=null )
{
if (Line.StartsWith("RES") )
{

string[] LineS = Line.Split(Space, StringSplitOptions.RemoveEmptyEntries);
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if (LineS[2] ==ChanID.Trim() )

{
ObjTempRasa = new RASA();
ObjTempRasa.Residue31 = LineS[1].Trim().ToString();
ObjTempRasa.PDBINDEX1= LineS[3].Trim().ToString();
ObjTempRasa.ChanlD1 = LineS[2].Trim().ToString();
ObjTempRasa.Valuel= LineS[6].Trim().ToString();
ObjlstRasa.Add(ObjTempRasa);

}
}
¥
FileRasa.Close();  return ObjlstRasa;
¥
public string getValue(string PDBID, string ChainlD, List<RASA>IstRasa )
{

string valueR ="0.000";
foreach (var item in IstRasa )

{
if (item.ChanlD1 ==ChainID.Trim() && item.PDBINDEX1 ==PDBID.Trim()
{
valueR = item.Valuel.Trim();
break;
}
}
return valueRr;

}
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APPENDIX G. CALCULATE THE DISTANCE BETWEEN GIVEN TWO

ATOMS AND CHECK CONTACT

public double CalculateDistance(clsPDB Atom1, clsPDB Atom?2)

double Distance = 0.0;
try

{
doubleDx = Convert. ToDouble(Atom1.X1) - Convert. ToDouble(Atom2.X1);

doubleDy = Convert. ToDouble(Atom1.Y1) - Convert. ToDouble(Atom2.Y1);
doubleDz = Convert.ToDouble(Atom1.Z1) - Convert.ToDouble(Atom2.Z1);
Distance = Math.Sqrt(Dx*Dx+Dy*Dy+Dz*Dz);

¥
catch (Exception EXx)
{
Console.WriteLine(Ex.Message.ToString());
throw;
}
return Distance;
}
public Boolean checkContacting(clsPDB Atom1, clsPDB Atom2, double Distance,
clsListVDWObjListVDW)
{

Boolean check = false;

clsVDWobjVDW = new clsVDW();

double R1 = objVDW.GetRaduis(Atom1.Residue3charl, Atom1.Atom1, ObjListVDW);
double R2 = objVDW.GetRaduis(Atom2.Residue3charl, Atom2.Atom1, ObjListVDW);
if (Distance <=(R1+R2+0.5))

{

check = true;

}

return check;

}

public string AddPrepix(Boolean contact, double distance)
{

string distancel = "";

if (contact) { distancel ="1" + distance; }

else { distancel = "#" + distance; }

return distancel,

}
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APPENDIX H. SAMPLE PART OF DISTANCE OUTPUT FILE

2 A 3 Al :1.33441
2 A_ 51 Al :273817

2 A_ 50 Al :3.46362

2 A_ 49 A 391860

2 A_ 4 A 414432

2 A_ 5 A 586273

2 A_ 48 A :7.02426

2 A_ 32 A :7.93030

2 A_ 33 A 868827
2 A_ 47 A 937570
2 A 6 A 064237

2 A_ 31 A :9.86820

2 A_ 30 A :10.92820
2 A_ 46 A :12.00734
2 A_ 34 A 1285975
2 A_ 25 A :13.17666
2 A 7 A :13.17978
2 A 26 A :13.48462
2 A_ 29 A :13.79507
2 A_ 9 A 1435912
2 A_ 8 A :14.44288
2 A_ 35 A :14.86449
2 A_ 45 A 1543867
2 A_ 37 A 1573409
2 A 22 A 1634917
2 A 10 A :16.85862
2 A_ 21 A :17.01219
2 A 27 A :17.22173
2 A_ 28 A :17.28770
2 A_ 39 A :17.62282
2 A_ 44 A :17.66178
2 A 12 A :17.69294
2 A_ 36 A :17.82309
2 A 24 A :18.07109
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1S

APPENDIX I. ACTIVE RESIDUE LIST (PHOSPHORYLATION PROTEIN SEQUENCE)

Protein | Chan | Index

ID
1D3V | A 230 10Y2 |A |29 3PGM | A | 194 |1USU | A |334 | 1HUW | A |51 10Y3 C | 276 | 1CIT A | 306
1Q46 A 51 10Y2 | A |154 |3LZT | A |24 1vCl | A |59 1IHUW | A | 106 10Y3 C | 311 |1CIT A | 316
2FMP | A 44 1EO6 A |10 3LZT | A |50 1UU3 | A | 160 | 1JFI B | 205 1QWT | A| 385 | 1VDN | A | 145
2FMP | A 55 1EO6 A | 39 IDN1 | A | 142 | 1TUB | A |439 | 1IRU C |13 1IQWT | A | 386 | IN3K | A |25
172C A 26 1W85 | A|283 | 1DN1 | A | 146 | 1F7U A |15 1IRU C|75 1IQWT | A | 396 | IN3K | A | 104
1ICMF | A 81 2B5G A|146 |1DN1 | A |158 |1EQZ |A |1 2B1P A | 167 1IQWT | A | 398 | IN3K | A | 116
1ICMF | A 101 2B5G A|149 |1DN1 | A | 345 |1EQZ | A |19 1Q33 A | 68 1QWT | A | 402 | 1EF1 C | 576
1USS | A 174 2NLL B |33 |1QJB | A |58 1IUHG | A | 68 1GoU | | 24 1QWT | A | 405 | 1BUP | A | 153
1S70 A 42 1IRU G|242 |1QJB | A|184 |1UHG |A | 240 |1KBH |B |53 1D2N A | 577 | INH2 | D | 104
1S70 A 48 1QH4 | A | 164 | 1FDJ A | 1035 | IUHG | A | 344 | 1GTO C | 107 1IMO1 | A | 46 1HQS | A | 104
1LKJ A 111 1QH4 | A | 285 | 1FW8 | A | 38 2DMC | A | 46 1HH4 | E | 401 2BCG |G |230 |1LFO | A |56
INEG | A 66 KAVALYS A | 470 | IFW8 | A | 42 2COB | A | 16 1HH4 | E | 415 1U3Y | A |33 |1T64 A | 39
1767 A 210 1RZ4 A 216 | IFW8 | A | 58 2COB | A | 24 1HH4 | E | 474 IONE | A |9 1TUB | B | 174
1IHD7 | A 290 1R55 A 269 | 1IFW8 | A | 82 2COB | A | 28 1QE3 | A | 189 1IONE | A|103 | 1XH6 | A | 139
1IEBF | A 237 1KB9 B|141 |1PB1 | A | 113 |2COB | A |32 2AQA | A | 36 1IONE | A | 118 | 1XH6 | A | 338
2BKA | A 45 10K3 | A | 108 | 10M2 | A | 85 1S9l A 216 |2B60 | A | 229 INVU | S | 1043 | 1ITUB | B | 392
4NOS | A 234 IHM5 | A | 184 | 10M2 | A | 88 1S9l A 222 |2B60 | A| 231 1QR5 A | 46 1TUB | B | 430
1IPHP | A 183 2CP6 A |22 1USR | A|181 |1AWD |A |9 2B60 | A | 235 1H95 A |52 108G |A |3
1Q20 | A 143 2CP6 A |27 2GJ4 A |14 IMAB | A | 33 1L8B A | 53 1DKF B|369 |1Q8G | A |24
2FG5 A 35 2CP6 A |31 1IKN C|33% |1KFU | L |369 |2NZU |L |12 2AYN | A | 147 | 1Q8G | A | 156
104X | A 110 1Q0K9 | A |88 10v3 | A | 208 |1T2M | A | 82 2NZU | L | 46 2LFB A |59 2147 A | 382
1IBLA | A 73 10K9 | A |90 1B89 A | 1494 | IGHL | A |24 1IMQI | A | 150 1ILKK | A | 158 | 1BFG | A | 64
1NI4 A 203 1G33 A|T72 LJEY | A |51 1IGHL | A |50 IMQI | A | 184 ILKK | A|162 | 1AXlI | A |51
1NI4 A 264 1G33 A |78 LEY | A | 222 | 1JAS A | 120 | 1F05 A | 237 ILKK | A | 194 | 1AXI | A | 106
1NI4 A 266 1AYJ A8 2CON | A | 787 |1KX5 |C |1 1S32 D |1233 | 1ILKK | A | 213 | 1Cl4 Al4
1NI4 A 271 2CPE A|358 |1LBQ |A|102 |1KX5 |C |19 1UDM | A | 122 10QJ A|129 |1EQZ | B |36
1TH8 B 58 1QKL | A | 802 |1IUNL |A|159 |10MW | A | 29 103X | A | 236 1Y A | 61 1GKY | A | 148
1IM2V | B 178 1RV A|T79 IMR3 | F | 147 | 1AJS A | 65 2GJS A | 214 1IKHU | A | 462 | 1IPTF | A | 46
1FSO A 101 1IEGA | A | 37 INW9 | B | 144 | 1AYZ | A | 120 |2AXL | A | 110 1IKHU | A | 463 | 1CJY | A | 228
1FSO A 115 1H9F A | 54 INW9 (B [ 183 |INR7 | A |170 |1UCN | A |44 IKHU | A|465 | 1C)Y | A | 431
1FSO A 174 1H9F A | 56 INW9 | B | 196 | 1LOL H | 48 1UCN | A | 120 10CS A | 83 1IKHX | A | 464
IWEZ | A 37 1H9F A | 57 ICKT |A | 34 1K3z B|276 |1UCN | A | 122 1IRW5 | A | 135 | 1KHX | A | 465
1IFEX | A 23 1H9D B |10 1Q79 | A | 24 2AEB | A | 230 | 1UCN | A | 125 IRW5 | A | 166 | 1KHX | A | 467




[4°

1IFEX | A 25 1JKO B |55 1IRU E |16 1S3S G| 272 | 1JU5 A4l IRW5 | A 179 | 1KOY | A | 257
IVKH | A 9 1JKO B |169 |1lIRU E | 56 IMH1I |A |71 2AYU | A | 140 INW3 | A 1297 |2ACO0 | A |99
1IKX5 | B 1 1ASE |A |7 1LL2 | A |44 1PSM | H | 1433 | INF7 | A | 160 1AAB |A | 34 11U2 A |13
1IKX5 | B 47 1ASE | A |8 1IV6F | A |59 IWNJ | A|118 | 1DSY | A | 226 1D4B | A | 17 11U2 A |82
1IKX3 | C 19 1ASE | A | 140 |1V6F | A |78 IHDR | A | 222 | 1SQl A|1250 |2AKZ |A |78 IWEL | A | 415
1ICMZ | A 151 1ASE | A 152 |1V6F | A |89 1IYQA |A 174 J1UU | A 49 2AKZ A [ T79 IWEL | A | 420
1VYI A 210 1BD8 | A |66 1IDS6 | A |71 1SPH A 12 1WU | A |52 1L8Y Alb IWEL | A | 422
1VYI A 271 1BD8 | A |76 IWGF | A |3 2C2H |A |71 1RF8 Al2 1LNG6 A 334 | IWEL | A|424
1TZY | B 36 IMY7 | A 276 |2HF3 | A | 239 | 1IAT A | 184 | 1IRF8 A |15 1LNG6 A 338 | 1IMIC | A | 580
IwWol | A 33 1U19 Al334 |2HF3 | A[323 |1GGW |A |2 1RF8 A28 1LNG6 A 343 | IN8P | A |39
10XZ | A 236 1U19 A 33 |1UL1 | X |187 |1GGW |A |6 1RF8 A |30 2F34 All162 |1KX5 |[D |11
2F73 A 56 1U19 A 343 |1U8F | O |83 INUE |A |44 1J4N A | 249 1E4U AlTl 1IKX5 | D |33
1IPSO | E 68 1AW | A]101 |1ASR |A |2 INUE |A 120 |1KX5 |A |10 1IKN D283 |1X4C |A | 9%
10YB | A 352 1AW | A 115 |1ASR |A |9 1HIO B |36 IKX5 | A |28 1IKN D288 |1X4C | A |96
IHIO | A 19 1AW |A 174 |IRHW | A | 88 1UEW | A | 107 | 1E32 A | 352 1IHGU | A |51 1X4C | A | 100
1550 A 150 1IKL9 | A |48 IKCM | A 166 |1SON | A |793 | INRG | A|165 IHGU | A ]106 |1Q05 |B |35
1550 A 163 IHLO |A |10 IUKH |A 129 [2CQ4 |A|133 |INRG |A 241 IHGU | A ]150 |1CVU | A|451
1550 A 168 2NGR |A |71 1GOW | A 163 |1PSY | A |38 IKMQ | A |26 10M4 | A 374 |1IRSS | A |5
IWiB | A 26 1QPG |A |3 1GOW | A | 164 | 1U46 A 149 | 1C44 All 2J4Z A1369 |1IR5S [|A |12
1IDFC | A 1039 1QPG | A |35 1GOW | A 285 |1GH6 | A 106 | 1E9G | A | 265 IXMI A|660 |1IR5S [ A |29
IXOF | A 190 10PG |A 109 |1R3S | A |61 1GH6 | A 112 | 1BEH | A |52 1IYR A |37 1IR5S | A |32
1ICMI | A 88 10PG |A 113 |IHWX | A |170 |1IPHK | A |30 1BEH | A |54 20ZA | A 328 |1IR5S | A |56
1GHC | A 70 1QPG | A 129 | 1EJI A |35 1IPHK | A |81 1BEH | A | 153 INZP | A|246 |1R5S | A |64
2BSBA | A 107 1QPG | A | 1583 | 1HCN | B | 66 INM1 |A]239 |1DK2 | A |44 1JK7 A 42 IR5S | A |75
1DOA | B 101 10PG | A[390 |1HCN | B |9 INM1 |A|323 |1DK2 | A |55 1JK7 A | 48 1IR5S | A |78
1DOA | B 115 1QPG | A139 | 1IR3 A 11035 | 1W8M |A |21 INEY | A |96 INKP | A]1920 |1R5S | A |80
1DOA | B 174 1QPG | A 412 | 1IR3 A 11037 | 2FMU | A | 45 INEY | A | 100 IKMT | A]101 |1RSS | A |118
1A44 A 51 INO8 | A|182 | 1IG8 A 158 | 1F1G A |38 1IKAS | A |46 IKMT | A 115 | INXK | A | 272
1A44 A 152 2B3Y | A|138 |1GPU | A 335 |1F1G A |98 1ub7 | A |57 IKMT | A 174 | INXK | A | 328
1BE4 | A 44 1DFO A 1369 |1ID3 B | 64 1F1G A|111 |1UD7 | A |65 IRHO |A 101 |1JDH | A ] 191
1IBE4 | A 120 1DDB | A |61 1SJQ | A |98 1F1G Al116 |1T3Y | A|115 IRHO | A 115 |10LZ |A|174
1BE4 | A 122 1DDB | A | 64 1SJQ | A 99 1AUZ | A |57 1ILFB | A |59 IRHO |A 174 |IMXE |A |81
1BE4 | A 125 1DDB | A | 78 1G04 |A|170 |1IFW4 | A | 81 1IQHF |A |11 1B66 A |18 IMXE | A | 101
1S9J A 212 1GZD | A 184 |1GO4 |A|178 |1IFW4 | A |101 |1QHF | A |[115 | 2CWN | A |237 |4PEP | A |68
1S9J A 218 IM6D | A | 9% 1G04 | A | 195 | 1Z07 A 124 | 1QHF | A | 126 1T4H A 378 |10CT | C | 107
IXD3 | A 75 10KC |A |41 1JH4 | A |53 1PPJ H | 48 1QHF | A | 127 IMOM | A | 141 |1DDJ | A | 578
IXD3 | A 130 10KC |A 126 |1IMX3 |A 300 |ILSG | A |25 1IQHF | A | 184 | 2CUI A | 47 1K8K | A | 418
1GZ2 | A 61 1CEW |1 |80 1TDQ | A 224 |1LSG | A |51 1IQHF | A 196 | 2CPT A109 |2FMM | A | 175
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1GZ2 | A 67 IXLY |A 166 |1QSD |A |94 1GJI Al266 |1TZY | A |19 1IAS A 187 |1A0R [P |73
1HDI A 135 1E30 | C | 107 |2BTM |A 212 |1GOU | D |16 1IPCH | A |46 1IAS A 189 |1HM6 |A |5
1HDI A 202 1ISM2 | A |55 |1CWD |L |36 IXD3 | B |57 2FEXU | A ] 239 1IAS A 191 |3PSG | A |68
1HDI A 389 IYAT |A |44 1CWD | L | 40 IXD3 | B |65 2FXU | A | 323 IMID |A |74 IX7Y | A 250
3PMG | A 116 IHHL |A [ 24 1ICWD | L | 72 1RE6 A | 88 1G62 A | 174 IMID | A]90 1IRDQ | E | 14
1IHAX | A 58 IHHL | A |50 1CWD | L |91 INUY | A | 1207 | 1G62 A | 175 IMID | A|110 |1IRDQ |E | 34
1AW | A 213 3PGM |A |11 1TO4 | A | 84 IVJID |A 135 |1PO5 | A | 128 IMID |A]115 |1RDQ | E | 139
1F60 A 18 3PGM | A 115 1256 | A |61 IVID |A 202 |1GOL | A |99 1GOU L 161 |1RDQ | E | 338
1F60 A 163 3PGM | A 126 |2TRC |P |73 IVJID | A 389 |2F71 A |50 1Z0K | A ]232 |1CBO | A | 183
IXFB | A 39 3PGM | A 127 |1TUB |A |6 1ITWF | B 919 | 2F71 A | 295 1ZOK | A 1301 |1IXPA | A]19
IHS6 | A 415 3PGM | A 182 |1TUB | A |48 1IPVD | A | 223 | 1X88 A |6l ING2 | A 208 |10P) | A 465
2BID A 66 1QJB A 215 | 1S50 A 1199 |10Y2 |A |35 INOW | A | 315 | 2SHP A 327 |1BBZ | A |52
2BID A 80 1QJB Al1232 |1RV | A |83 1ICMZ | A | 201 | 1F2F A|213 |2FXU | A 166 |1FTP | A |20
IN54 B 13 1E31 Al 34 INTY | A | 1486 | 1P7H L | 585 | 1VIG Alll 2FXU | A|218 |1B89 | A | 1477
IN54 B 18 1E31 Al117 |1H9F | A |35 1P7H L 599 |1J1B Al216 |2FXU | A |29 |2HUE |C |51
2PIL A 68 1ICM8 | A 183 |1H9F | A |52 IDN1 | A]107 | INW9 | B | 153 INI2 All46 |1IRU |2 |57
1IROW | A 660 172C A 19 1IJDW | A 417 |1DN1 | A |346 |1CV]) |A 140 |2AD9 | A 127 |IMID |A |70
IWGS | A 9 INI2 A 235 | 1PPJ A|347 |1DN1 | A |574 |1EGX |A |39 2DNT | A |39 1P15 A | 580
1JEB B 44 1BI9 A 1101 |1EFC | A|382 | 2B5I C 139 | 1A81 A 131 IKYF | A|807 |1K8K | A | 231
1JEB B 80 1BI9 A 1104 |1VBG | A |45 |1UZE | A |111 |1VvG8 | A | 1183 | 25HP A | 62 1YVH | A | 337
1GOU | E 16 1BD7 | A |99 1YTQ |A 117 |2GFS | A |180 |1P40 | A | 950 1IAWW | A |15 10KI | A | 401
1PIN A 108 IXH6 | A 195 | 1DCE | B |3 2GFS | A | 263 | 1P40 | A | 1131 | 1PATY A 124 | 1QKI | A | 507
1DGG | A 422 IXH6 | A 197 |1K3Z | B |254 |1RWY |A |82 1P40 | A 1135 |1IKNO | A 104 | 2NNQ |A |19
IYAA | A 388 IXH6 | A]201 |2CP6 |A |9 1ZAl A | 64 1P40 | A | 1136 | IMLD | A |32 2NNQ | A | 128
3ULL | A 63 1IK50 |A |4 10KC | A | 125 | 1ZAl A1234 | 1P40 | A 1250 |1IFMK | A 436 | 1TAD | A | 142
1X79 A 236 1ST6 A 1604 |1UA2 | A|170 |1ZAl A1240 |1P40 | A 1251 |1IFMK | A | 527 | 1F8U | A | 133
154B P 643 1GO0U | D |55 132M | A |17 1CBO | A |188 |1X4C | A | 84 2FO0 A 134 |1IPNE | A | 128
2BCG | VY 174 IDM5 |A |6 1C3Db | A | 38 106L | A]309 |1X4C | A |97 2J7Y A 443 | 1LLD | A | 227
1UBl1 | A 165 1DE4 | C | 657 | 1DDB | A | 58 2F34 A 1198 |20Q1 | A|128 IHM6 |A |21 1EZ4 | A | 238
1UBl1 | A 167 1IONE | A[220 | 1JUS A |42 1UU3 |A 245 | 1QLY |A |8 IHM6 | A 1207 | 1YAG | A |53
10EY | 315 2BID A6l 10B3 |A |14 INKP |A]905 |1KX5 | B |51 10DV | A 116 |112M | A | 147
ISMS | A 55 1DFO A 370 |10B3 | A|[163 |INKP | A|947 |1AIN A | 180 1EJI Al34 1ICMF | A |99
ISMS | A 169 IRDQ | E | 195 | 1LOB | A | 1646 | 1IF1G A]131 |1PHR | A 131 1TIX A 364 |1CMF | A| 138
2AD9 | A 140 IRDQ | E [ 197 |1UKH |A|255 |1PQ1 A]115 |1PHR |A|132 |3GRS |A |21 137D B |76
2AD9 | A 141 IRDQ | E | 201 | 1UKH | A | 258 | 2B1P A | 293 | 1F68 A | 734 1ILDN | A 238 |1AWJ |A |29
1Q1S C 105 1PPJ H |50 1G8F | A | 126 | 1K99 A 16 1A5Z | A | 237 1VJD A 195 |1U7B | A | 249
1J1B A 215 IPVD | A 353 |1YUW | A 477 |1GOW | A |282 | 1HIO D |51 2UP1 A 167 |1GRI | A ] 160
1J1B A 219 IND7 | A[822 |1QPC | A|501 |1GOW | A 289 |20Q1 | A|250 1E42 A 737 |1GRI | A | 209




vS

2BOL | A 215 IR3B |A |34 2B5H | A |59 IDKG | D199 |1IRHS | A | 1l64 1L3K A 167 |1CVS | C | 154
1H2T | Z 13 1GPU | A 248 | 1RHS | A |163 | 2HF3 A 1202 |1TUB | A|lel 1ST6 A|537 |1JEB |B |41
1H2T | Z 18 2G50 A 327 |1IXPC | A|311 | 2HF3 A 1203 |1AMM | A |62 IKV3 | A 369 |[1RV3 |A |34
1A0I C 19 1BIF A 1443 | INM1 | A | 202 |1U19 A|133% |1AMM | A |65 2AYN | A[135 | IFIT A | 145
1JSE A 24 IMDY |A 115 |INM1 | A | 203 | 1U19 A 1336 |1USE | A|197 | 2GFS A 182 | 2C4] A |33
1JSE A 50 INOW | A 309 | 1XOF | A 193 |1U19 A 1340 |1BX4 |A |60 2GFS A 323 |1Q8G | A |68
1UA2 | A 164 10PJ A 413 |1QWT | A|404 |1GOU | L |163 | 10PJ A | 412 1A0A | A 127 |1Q8G | A | 140
2AlL | A 165 2FXU | A 1202 | 1BXL | A 115 |1IRU E |55 1BLX | A |13 1BUP | A |15 1D5T | A | 333
2AlL | A 262 2FXU | A 203 |IWMS | A 175 |1YDL |A |69 1BLX |A |24 1GZ8 A 15 2FN4 | A | 66
IRWY | A 72 1QAD |A |10 1IDHS | A |95 1IKN D291 |1TUuB | A|272 1GZ8 A 19 1DS6 | B | 24
IRWY | A 78 1IEGA | A |36 1I0WX | A | 302 | 2IFQ A 1100 |1TUB | A | 357 IDN1 | A | 145 |1FVR | A | 897
1SIF A 57 1LIU A |55 |1SVA |1 |337 |1X4AN | A |67 1TUB | A | 432 IDN1 | A 473 |1FVR | A|992
1SIF A 65 IMXE | A |44 1IAS A 1185 | INXK | A |33 | 1COF A | 53 2NGR | A | 64 1IFVR | A | 1048
1AK7 | A 3 IMXE |A |79 1IAS A 1186 | INXK | A 338 |2CQl A |50 1IEXB | E | 120 | 1FVR | A | 1102
1IO0WX | A 325 IWGS |A |12 IKMQ | A |19 1F60 A 1430 |1CM8 | A |27 ITRN | A|151 |1FVR | A | 1108
IXib | A 695 1Q79 A 23 2GGM | A | 26 1ICTQ | A |35 1ICM8 | A | 185 1YX A|281 |1FVR | A | 1113
133X A 35 1GZ8 | A |14 1IESW | A [ 235 |1IXFB | A [ 119 | 1IR3 A | 1158 | 1FI6 A 15 1QKM | A | 488
IRW2 | A 19 1GZ8 | A|160 | 1KX3 | C | 120 | 1P5F A | 67 1IR3 A 1162 | IUKH | A|190 | 1EJ)5 A |50
IRW2 | A 21 2C78 A 139 |1V6F | A |33 1GDO0 | A |36 1IR3 A 1163 | IUKH | A 259 |104R |A | T2
IRW2 | A 22 13K | A[138 |1BHG |A | 274 |1ADT | A 195 |1V6F | A |90 IUKH | A 357 |1LKK | A]192
1ZAl A 35 108G | A |25 IXOX | A | 34 IX5U | A |59 1T46 A | 823 1IDON | A 382 |1U8BF | O |42
1ZAl A 38 INOY | A |44 IXOX | A | 117 | 2BIP A 1297 |1QG3 | A|1207 | 1USF A 197 |1BKL [A ] 70
1ZAl A 45 1AIN A 189 |3GPD | G|?210 |2BIP A139% | 1R1 A | 400 10KC | A]190 |1INI4 | A]260
1ZAl A 353 1SID A 357 |20ZA |A 222 |1UMK |A[129 | 1FIM A |36 1IG7TN | A |19 INI4 | A | 272
1ZAl A 355 ILN6 | A 335 |20ZA |A|226 |2COF | A |67 1QLC | A | 240 1IG7TN | A ]128 |1J)DH | A | 654
1F16 A 184 1ILN6 | A[336 |20ZA |A|334 | 1w80 | A |807 |11G4 A |52 1IUW2 | A |8 2FOD | A | 86
1RF8 A 22 1ILN6 | A | 340 | 20ZA | A|338 |1IRU G | 160 | 1BF5 A | 701 1IUW2 | A 12 1Z0F | A |99
1PI1 A 14 1IE9G | A | 60 INSK |A |6 IVHR |A|138 | 1IWe6T | A |28 |2FYM | A 283 |1KAT | A | 268
1J4N A 248 1E9G | A | 250 |1EFV | A |42 1QPC | A|394 |1CWD |L |70 3GPD | G |41 IHDI | A | 195
IPME | A 185 IW2F | A 311 |1LOL | H |50 1SJQ A |85 1IDGG | A | 231 | 2GDG | A |36 10PK | A | 204
IPME | A 190 1GG2 | G| 52 1UJU | A |42 1JPA A 808 | 1DGG | A | 386 1IFBV | A [ 371 |5PNT |A]131
IXW6 | A 33 1R5S AlT76 IUNL |A |14 IXW6 | A |32 1LUF | A | 754 1IRU B |23 SPNT | A | 132
1BFG | A 112 IM4M | A | 34 1IHCN | B | 97 1L6N A 132 | IN3K | A|108 1IRU B |97 2CH5 | A | 205
2C2V_ | S 277 1EF1 C | 558 | 1J8F A | 63 1IBYG | A|416 |1QU6 | A | 106 1IRU B|120 |1TUB | B | 36
11D3 D 39 1A12 A 411 |1YFM | A 428 |1BYU | A | 147 |1QU6 | A | 167 1110 A 238 |1BWY | A |19
1QH4 | A 282 2C4J Al 34 1TUB | B [292 |1EFX | A |59 2GST | A |32 IVGO | A 302 |IMXE | A| 138
1QH4 | A 289 1SSU A |50 1TUB | B | 376 | 1ll0Z A 1239 |1LLC | A | 237 IPRX | A |89 1FOE | A | 1323
2HXM | A 117 IFOT | A | 241 |1TUB | B | 419 |1QQD | A |59 2147 A | 379 IMCX | A | 207 | 1FIL A | 128
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2J4Z A 288 IFMK | A | 508 | 1QDE | A |145 | 20ZA | A |63 1ZAl A | 203 IW/B | A |24 1FU6 | A | 48
1IEQZ | A 120 1G33 A |82 1IKX5 | C 120 | 2G50 A 1465 |1FHS | A | 109 IwWiB | A |30 1V18 | A | 654
1Q1C | A 143 1ISW8 | A |44 1UPS | A |44 INA7 | A | 255 | 10EC | A | 657 IW7B | A 1238 | 1FGK | A | 654
1IEBF | A 239 1ISW8 |A |79 1ITWE | A | 621 | 2BID A |56 1BJ4 Al 34 INM1 | A |166 |2H6F | B | 800
IHM6 | A 24 1TF7 A 1432 | 1Q0PG | A|330 | 1G83 A 214 | 130X 0139 INM1 | A 218 |1B56 | A |22
1ST6 A 324 IMY7 |A[254 | 1QPG |A 391 [1GLS | A 205 |1IXKK | A|998 INM1 | A 294 |1B5 | A |13l
1Q | A 138 1EF1 Al1235 |1U8F | O |211 |1CVU | A [460 | IXKK | A 1016 |IXPC | A |537 |1HD7 | A | 262
1IHUU | A 4 10MW | G | 52 1IBLA |A 121 [10X4 | A |129 |2IF1 A |43 IHMS | A |19 1BG1 | A | 705
IKX5 | A 3 1SRS Al1159 |1VV |A[38 |1wWIB |A |14 2FXU | A |53 1IFW4 | A1 99 1GCQ | A | 160
IKX5 | A 11 IHCN | A |39 1Go0U | C | 63 11D3 B |51 2F8A | A |96 1IFW4 | A 1138 | 1GCQ | A | 209
10Y3 | C 254 IKFU | L |370 |1Z0F | A |98 IGWS5 | B |6 1TH3 | A | 230 10B3 | A |15 1US7 | B | 298
1PIC A 11 1YGP |AJION |1YHW | A 423 |1DSX | A |116 |1TH3 | A |385 INDH | A]101 |INXK |A |63
1J19 A 235 2UP1 A 138 |1FW8 | A | 259 | 2F71 A 20 1H6V | A |11 1U1Q | A 167 |1IXWS | A 218
2B5G | A 10 1IM6D | A | 82 1IFW8 | A | 320 | 2F71 A | 66 1H6V | A | 131 IPME | A |187 |1QCF | A | 213
1IPHP | A 299 3PMG | A | 114 | 1T15 A | 1700 | 2F71 A 1152 | 1IRU I [ 111 IPME | A ]1205 |2HF3 | A |53
1BPO | A 394 1IEGW | A |20 1T15 A | 1720 | 2F71 A 1153 |1H7S | A|181 | 2AL6 A 347 | 1AYA | A | 62
IW8SM | A 157 IWKO A1l 1IKBL | A | 453 |2)4z A 148 | 2SHP | A | 304 IUNL |A |15 2HF3 | A | 166
2HF3 | A 218 IXFB |A 301 |1YZ1 |A |15 IVC1 |A 29 IVID |A |1 2F71 A28 ING2 | A | 178
2HF3 | A 294 1HS6 Al1239 |1FW8 | A |69 IVC1 | A |52 IVJID | A |86 2F71 A | 80 1BUP | A |13
133D A 68 1HS6 A129%0 |1FW8 | A 289 |1UU3 |A[262 |1VID | A 152 |2F71 A 104 |1BUP |A |16
133D A 75 10Y2 | A |65 1US5R | A | 38 1IEQZ | A |16 IVID | A 304 |2F71 A 190 |1BUP | A]40
9LDT | A 237 10Y2 |A]130 |1USR |A 174 |1UHG |A|103 |1TWF | B |50 2F71 A 201 |INH2 | D | 107
2AKZ | A 43 10Y2 |A 149 |1USR |A|260 |IUHG |A|269 |1TWF | B |[182 | 2F71 A 243 | INH2 | D | 118
1U46 A 284 10Y2 |A|151 |2GJ4 | A|513 |1IUHG |A|313 |1TWF | B |218 1X88 A 159 |1HQS | A | 361
2FB7 A 17 IW85 | A | 88 2GJ4 | A |51 |1IUHG |A 324 |1TWF | B |242 1X88 A 179 |1QY5 | A | 187
1QCF | A 416 W85 | A 122 |2GJ)4 | A|812 |2DMC |A |11 1ITWF | B | 493 1X88 A |23 |1TUB | B | 80
1D3V | A 72 W85 | A|367 |10V3 |A|171 | 2DMC | A |45 1ITWF | B | 700 1X88 A 240 | 2BO9E | A | 228
1D3V | A 137 1IRU G | 86 1PQ1 |A |14 2DMC | A |97 1ITWF | B | 853 1X88 A 314 |2B9E | A | 357
1D3V | A 199 10ED | E |[460 | 1PQ1 | A | 145 | 1891 A 248 | 1TWF | B | 869 10Y3 | C 240 |2B9E | A | 396
1D3V | A 302 VIV |A]178 |1JEY |A |78 1591 A|372 |1TWF | B 1032 | 1ID2N | A | 606 | 2B9E | A | 408
1USS | A 177 IVIV. . |A]230 |1EY |A|9% IMAB | A |56 1ITWF | B | 1155 | 1IMOl1 | A |52 2B9E | A | 414
1USS | A 244 IVIV. | A]403 |1JEY | A |144 | 1IMAB | A |63 IPVD | A |19 |2BCG |G |72 1BJT | A |691
1S70 A 177 1RZ4 Al175 |1LBQ |A|174 |1KFU |L [503 |1PvD | A 268 |2BCG |G |137 |1BJT | A |948
1LKJ A 29 1RZ4 Al212 |1LBQ |A 187 |1T2M |A |20 IPVD | A 284 |2BCG |G |164 |1BJT | A ] 968
1LKJ A 129 1R55 A |38 |1LBQ |A[192 |1T2M | A |59 1IHUW | A | 100 IDKF | B [229 |1BJT | A | 1024
1767 A 114 1IKB9 | B | 188 |1UNL | A |46 IGHL |A |72 IHUW | A 188 | 2AYN | A |124 |1TUB | B | 280
1767 A 133 10K3 |A |74 IUNL | A |93 1JAS Al29 1IRU C|7 2AYN | A 240 | 1Q8G | A | 108
1767 A 142 10K3 | A|120 | IUNL | A|105 | 1JAS Al 97 1IRU c|81 2AYN | A [455 |10Q8G | A|120
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IHD7 | A 201 IHM5 |A |91 IUNL | A 229 |1KX5 |C 127 | 2B1P A | 182 1ILKK | A ]133 |1v04 | A |66
IHD7 | A 275 IHM5 |A 1209 |IMR3 |F |6 1IO0MW | A [ 41 1Q33 A | 323 IKHU | A |29 |1BFG | A | 143
IHD7 | A 307 IHM5 |A[358 |1IMR3 |F |135 |1IOMW | A 121 |1GOU |1 | 84 10CS | A |97 1IAXI |A |7
1IEBF | A 174 IHM5 | A 532 | INW9 | B | 334 | 1AJS A[332 |1GOU |1 |86 IRW5 | A |26 1UL3 |A |31
4ANOS | A 486 2CP6 A 142 | 1IRU E |43 1AYZ |A 104 |1GOU |1 |105A |1IRW5 | A 163 |1EQZ | B | 123
1IPHP | A 346 2CP6 A 154 | 1IRU E|172 |1AYZ |A 108 |1GOU |1 | 140 INW3 |A |11 1GKY | A |35
1020 | A 138 10K9 |A 4 1LL2 | A [ 69 INR7 | A |62 1HH4 | E | 324 1AAB | A |45 1CJY | A | 206
2FG5 | A 69 10K9 | A |40 1LL2 |A 173 |2AEB |A |5 1HH4 | E | 362 1D4AB |A |21 1C)Y | A | 278
2FG5 | A 148 10K9 | A |58 1IV6F | A |8 1S3S G|262 |1QE3 | A|291 1D4AB | A 113 |1CQ)Y | A | 285
1BLA | A 137 1G33 AlT7l 1V6F | A | 97 1S3S G|285 |1QE3 | A | 298 1L8Y AlT79 1CJY | A | 573
INI4 A 101 2CPE | A | 443 | 1IWGF |A |2 1IP3M | H | 1457 | 1QE3 | A | 372 1LNG6 Al176 |1C)Y | A | 583
1IM2V | B 622 2CPE | A | 453 | 1IWGF | A |26 IHDR | A | 23 1AUI A 126 | 2F34 A 122 | 1IKHX | A | 296
IWEZ | A 8 1IBG1 | A 599 |2HF3 |A|265 |1IHDR | A |9 1AUI A 171 | 2F34 A 152 | 1IKHX | A | 306
IWEZ | A 90 1IBG1 | A 629 |1UL1 | X |16 IHDR | A | 110 | 1AUI A | 233 | 2F34 A 1163 | 1IKHX | A | 359
IWEZ | A 101 1IBG1 |A[631 |1ULL | X |62 IHDR | A | 117 | 1AUI A | 337 | 2F34 A 193 | 1IKHX | A | 458
IVKH | A 232 1IEGA | A |15 |1ULl1 | X |157 |1IHDR | A 192 |2B6O0 | A |63 2F34 A 213 | 2AC0 | A | 127
1IK8K | C 64 1IH9D | B | 65 1A5R | A |61 IHDR | A 223 |2B60 | A | 188 1IKN D|174 |2AC0 | A | 241
1IK8K | C 200 1JKO B |19 |1A5R | A |99 IYQA |A 177 |1L8B | A | 141 1IKN D|262 |1MIC | A |50
1IK8K | C 221 1BD8 | A |13 10ED | C | 275 |1YQA | A |215 | 1IMQI | A|108 IHGU | A |85 IMIC | A |95
1IK8K | C 330 1BD8 | A|130 |1IUKH |A |34 IYQA | A 217 | 1IMQI | A | 142 10M4 | A 457 | 1IMIC | A | 113
1ICMZ | A 86 1U19 A |98 1R3S | A | 219 | 1SPH A | 66 1F05 A | 47 10M4 | A |58 |1MIC | A 327
1ICMZ | A 148 1U19 Al1127 |IHWX | A 1204 |2C2H | A |89 1UDM | A |29 10M4 | A 622 |INSP |A |24
1ICMZ | A 156 IHLO | A |42 1EJI A |23 2C2H | A 158 | 103X | A | 245 10M4 | A 684 | 1005 | B |16
1ERJ A 340 10PG |A |1 1EJI A | 58 1IAT A 1454 | 1BXL |A |4 2J4Z Al245 |1Q05 |[B |21
1ERJ A 490 INO8 | A | 110 | 1EJI Al74 1IAT A 531 |1BXL | A |145 |24z A 342 |1Q05 | B | 131
1ERJ A 581 INO8 | A | 141 | 1EJI A 1206 |INUE |A |70 1IBXL | A | 154 IXMI A 478 |1Q05 | B | 275
1ERJ A 593 2B3Y | A 127 | 1EJ A 1233 |INUE | A|131 |2GJS A | 210 IXMI A 531 |1CVU | A 471
1ERJ A 647 2B3Y | A 391 | 1EJ A 1339 |INUE | A 144 |1DSY | A | 264 IXMI A 573 | INXK | A | 265
2F73 A 4 1IDHS | A |28 1EJI A | 477 | 1HIO B |91 150l A | 306 IXMI A 589 |10LZ | A |58
1PSO | E 35 1DDB |A |6 1IHCN | B |81 ISON |A | 711 J1UU | A |3 IXMI A|605 |10LZ |A] 121
1IPSO | E 47 1DDB | A | 28 1IR3 A 1982 |1SON | A | 767 | 1RF8 A |59 1IYR A8 10LZ | A | 163
1IPSO | E 110 1DDB | A | 117 | 1IR3 A 1006 | ISON | A | 792 |1KX5 | A |86 1IYR A |85 4PEP | A | 47
1IPSO | E 147 1DDB | A | 184 | 1IR3 A 1086 | ISON | A |79 |1KX5 | A |87 20ZA | A | 169 |4PEP | A | 147
1IPSO | E 250 1GZD | A | 106 | 1IR3 A 11090 | 1ISON | A | 846 | 1E32 A 276 | 20ZA | A | 243 | 4PEP | A | 185
1IPSO | E 284 1GZD | A | 137 | 1IR3 A 1189 | 1ISON | A [ 847 |INRG | A 205 |20ZA | A |265 |4PEP | A | 250
10YB | A 76 1GZD | A | 532 | 1IR3 A 1190 | 1ISON | A | 866 | 1C44 A | 65 INZP | A 245 |1DDJ | A | 594
10YB | A 252 IM6D | A | 29 1GPU | A | 66 2CQ4 | A 183 |1E9G | A | 206 1JK7 A 268 |1DDJ | A | 653
1S50 A 184 IM6D | A 110 |1GPU | A | 237 |1IPSY |A |6 1E9G | A | 225 IKMT | A 191 | 1K8K | A | 297
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IWiB | A 85 iIM6D | A 114 |1GPU | A | 277 |1IPSY | A |39 1E9G | A | 235 1B66 A 104 | 1TAZ | A | 206
IWiB | A 89 1IM6D | A | 193 | 1ID3 B | 60 1IPSY | A |42 1BEH | A |13 2CWN | A |13 1ITAZ | A | 290
IWiB | A 134 10KC |A |21 1G04 | A |16 1IPSY | A | 113 |1BEH | A |18 |2CWN | A |47 1ITAZ | A | 372
IWiB | A 164 1ICEW |1 |75 1G04 | A | 150 | 1U46 A1245 |INEY |A |16 2CWN | A | 112 | 1TAZ | A | 382
IWiB | A 277 IXLY |A]91 1JH4 | A |61 1U46 A 1337 |INEY |A 202 |2CWN | A 187 |2FMM | A | 128
1ZWW | A 193 1E30 | C | 150 |1TDQ | A 197 |1PHK A 122 |1KAS |A |31 2CWN | A 216 |2FMM | A | 162
2D4AC | A 130 1ISM2 | A [543 |1TDQ |A 203 |INM1 | A 338 |1KAS5 | A |52 2CWN | A|275 |1AOR | P |119
2D4AC | A 220 1ISM2 | A[558 |1TDQ |A 227 |INM1 |A 348 |1KAS |A |71 1T4H A 402 |1A0R | P | 219
1GHC | A 74 IYAT |A |5 1TDQ |A [ 266 | 1W8M | A |51 1IKAS | A |82 IMOM | A 1102 | 1HM6 | A | 46
1DOA | B 191 IHHL |A |72 1QSD | A | 98 1F1G A |23 1T3Y | A | 127 IMOM | A 1125 | 1HM6 | A | 229
1A44 A 5 IHHL | A 100 |1RYH |A|2A 1AUZ | A |36 1ILFB | A |57 2CUI Alb IHM6 | A | 244
1A44 A 103 3PGM | A | 28 IRYH |A | 177 |1AUZ | A |58 1QHF | A |55 2CUI A8 IHM6 | A | 273
1BE4 | A 144 3LZT | A |60 1ICWD | L | 4 1AUZ | A |83 IPCH |A |20 2CUI A |16 IMVC | A | 336
IXD3 | A 92 3LZT |A |72 1TO4 | A |59 1ILSG | A |82 2FXU | A 155 | 2CUl A |38 IMVC | A | 380
1GZ2 | A 27 3LZT | A|100 |1TQ4 | A |80 1ILSG | A | 86 2FXU | A 271 | 2CUI AlTl 3PSG | A |46
1GZ2 | A 91 IDN1 | A |37 1TO4 | A 231 |1LSG | A |101 |2FXU | A 281 |2CPT A 10 3PSG | A |62
1GZ2 | A 100 IDN1 | A [149 |1TQ4 | A | 269 | 1GJI A 1271 |2FXU | A|338 | 2CPT A |64 3PSG |A |79
1GZ2 | A 124 IDN1 | A |533 |1TQ4 | A 382 |1GOU | D |169 | 1G62 A | 130 1IAS A 235 |3PSG | A 226
1HDI A 319 1QJB A 114 |2TRC | P |45 1GOU | D | 180E | 1G62 A | 166 1IAS Al241 | 3PSG | A | 281
1AW | A 287 1QJB A]1190 |2TRC |P 106 |1XD3 |B |20 1PO5 | A 141 1IAS A 308 |1X7Y | A |47
1F60 A 107 1FDJ A 11068 | 1ITUB | A | 136 | INUY | A |1088 | 1PO5 | A | 207 1IAS A 437 | 1RDQ | E | 159
1F60 A 128 1FDJ A 1131 | 1TUB | A 165 |INUY | A |1124 |1PO5 | A |214 IMID | A|147 |1CBO | A | 165
IXFB | A 4 1Yzl |A |9 1USU | A 478 | INUY | A | 1237 | 1PO5 | A |483 1ZOK | A ]251 |1CBO | A | 260
IXPA | A 173 1BJT A 444 |3PMG | A|184 |1TWF | A|1080 | 1ICVU | A 495 |Z2IF1 A | 67 IW7B | A | 199
10PJ A 248 1BJT A 513 |1KQO |A |21 ITWF | A 1141 |1ICVU | A |504 |2FXU |A 91 10B3 |A |4
10PJ A 367 1BJT A 572 |1KQO |A |74 1I0PG | A 248 |10X4 |A |79 1TH3 A |83 INDH | A | 65
10PJ A 368 1BJT A8 |1IRV |A|105 |1QPG | A [365 |10X4 |A |93 1TH3 A235 |1U1Q |A|124
10PJ A 504 1BJT A 1839 | INTY | A | 1440 | 1U8F 0229 |1GW5 | B | 121 1TH3 A 369 |1PME | A | 233
2BID A 2 1BJT A|873 |1UDW | A[140 |1VIV | A 239 |1GWS | B | 136 1TH3 A 404 | 1PME | A | 317
2BID A 34 1BJT A1901 |1JDW | A[307 |1VIV | A 244 |1GWS | B | 277 1TH3 A1499 |1UNL |[A]179
2BID A 163 1ICM8 | A |49 1IJDW | A 336 |1IVIV | A|346 | 2)4Z A | 246 1H6V | A 116 | 1UNL | A | 236
2BID A 190 1ICM8 | A|9% 1PPJ A 135 |[1VIV | A 3% |2)4z7 A | 320 1IH6V | A 127 | 1UNL | A | 285
1IROW | A 635 1ICM8 | A | 103 | 1PPJ A|373 |1GOU | C |124 | 1F2F A | 202 1H6V | A | 330 |1FTP | A | 130
1IROW | A 641 ICM8 | A 224 |1EFC | A|297 |1GOU | C |213 | 1B A | 127 10ED | B[220 |1B89 | A | 1211
IWGS | A 103 1ICM8 | A 301 |1EFC | A |334 | 1Z0F AlT7 1J1B A | 234 1H7S A 191 |1B89 | A | 1365
1JEB B 49 172C A 127 |1YTQ | A|149 | 1Z0F A]107 |3ULL | A |83 2SHP A 380 |1B89 | A | 1404
1GO0U | E 35 1BI9 A 244 | 1DCE | B | 98 1IFW8 | A | 9% 1EGX | A |16 2SHP A 511 |1B89 | A | 1451
1GO0U | E 42 IXH6 | A|300 |1DCE |B | 291 |1FW8 | A 169 |1EGX |A |72 2FXU | A 240 |2HUE | C | 88
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1GO0U | E 144 1ST6 A 592 |2CP6 | A|113 |10Y2 |A |25 1A81 A28 2FEXU A 279 |1IRU |2 |83

1GO0U | E 211 1ST6 A 614 |10KC | A |23 1P7H L |[612 |1VvG8 | A 1037 |2FXU | A |306 |1IMID | A | 138
1PIN A 71 1GO0U | D |15 |1UA2 | A |9 IDN1 | A 218 |1VvG8 | A | 1144 | INI2 A | 137 | 1P15 A | 647
1PIN A 115 IDM5 | A |56 1IUA2 |A 121 |1UZE | A |54 1P4A0 | A 1162 | 1IKNO | A |36 1P15 A | 777
1PIN A 138 1IDE4 | C 666 |1UA2 |A|228 |1IUZE | A 302 |1QLY | A |10 IKNO | A |65 1K8K | A | 316
1DGG | A 187 1IDE4 | C | 708 |1C3D | A |83 1IUZE | A |544 | 1AIN A | 213 IKNO |A |81 1K8K | A | 400
IYAA | A 64 1IONE |A 274 |1DDB | A |173 |2GFS | A |44 1AIN A | 216 IKNO | A ]126 |1YVH | A 307
IYAA | A 78 159J A 238 |10B3 | A |47 2GFS | A |175 | 1F68 A | 787 IKNO | A 171 |1QKI | A 249
IYAA | A 81 1DFO A 428 |10B3 |A[229 |1IRWY |A |3 1A5Z | A | 248 IFMK | A1 357 |10QKI | A ] 308
IYAA | A 92 1IRDQ | E | 88 1L0B | A 1604 | IRWY | A 104 |1IASZ | A|274 IFMK | A 376 |10KI | A | 424
IYAA | A 255 IRDQ |E [ 299 |1GML | A 345 |1CBO | A |118 |1A5Z | A |278 IFMK | A 1479 |10KI | A | 484
IYAA | A 327 IND7 | A 575 |1UKH | A |65 1GZK | A 148 |20Q1 | A|200 IHM6 | A |39 10KI | A | 503
3ULL | A 42 IND7 | A[889 |1UKH |A 228 |1GZK | A|313 |20Q1 | A|223 IHM6 | A 243 |1TAD |A |91

1S4B P 388 1IGPU | A | 145 |1G8F | A 116 |1GZK | A 436 |1TuB | A|210 10DV | A | 68 1TAD | A | 150
1S4B P 440 1GPU | A 151 |2B5H | A |180 |106L | A |148 |1AMM A |6 1EJI Al175 |1F8U | A |77

1S4B P 492 1GPU | A 247 |1RHS |A|190 |J106L | A |213 |1USE |A[150 |3GRS |A |23 1IF8U | A | 98

1S4B P 542 IX7TY | A 1228 |1IRHS | A | 246 | 2F34 A | 144 | 10PJ Al272 |3GRS | A 114 |1EZ4 | A ] 201
2BCG | VY 17 IX7Y | A]1285 |1IRHS | A |286 | 2F34 A 1205 | 10PJ A 454 | 3GRS | A 147 |1EZA | A | 280
1UBl1 | A 87 INOW | A 225 |IXPC |A 431 J1UU3 | A|180 | 10PJ A 1459 |3GRS | A 327 |1EZ4 | A | 286
1UBl1 | A 117 INOW | A [298 | IXPC | A 465 |1PQ1 A 1109 | 10PJ A | 468 10ED |E | 286 |1YAG | A |69

1UBl1 | A 182 10PJ A 1325 |1DHS | A|131 |1PQ1 A 1190 | 10PJ A | 475 1L3K A 124 |1YAG [A ]9

10EY |J 263 10PJ A 1338 |1QY5 | A|121 | 1K99 A |42 10PJ A | 488 1IKV3 | A]159 |1IMVC | A | 403
ISMS | A 92 10PJ A 1425 |1QY5 |A 219 |1GOW | A 262 |1TUuB | A|319 IKV3 |[A 274 |112M A |79

ISMS | A 128 2FXU | A|160 |1TZD | A 274 |1DKG | D |221 | 1COF A 1133 |2AYN |A 150 |112M | A | 155
ISMS | A 132 2FEXU | A | 277 | 1TZD | A | 347 | 2HF3 A 1297 |1CM8 | A |59 2AYN | A[194 |1GP1 | A|175
ISMS | A 196 2FXU | A | 278 | 1TZD | A | 354 | 2HF3 A 1324 |1CM8 | A 135 |2AYN | A 417 |1AW] | A |47

1Q1S C 77 2FXU | A 351 |1TZD | A 419 |1U19 A]160 |1CM8 | A|143 |2AYN | A 435 |1UTB | A|239
1Q1S C 92 1QAD | A |64 1IGN | A [588 |1U19 A 1193 |1V6F | A|110 | 2GFS A|307 |1RV3 | A |82

1Q1S C 179 1IEGA | A |23 1ISVA |1 [ 183 |1U19 A | 243 | 1T46 A | 870 1BUP | A]107 |1RV3 | A|180
1Q1S C 194 IMXE | A |28 ISVA |1 | 191 |1lIRU E |14 1T46 A | 900 1BUP | A]115 |1RV3 | A | 183
1J1B A 78 IWGS5 | A |57 ISVA |1 | 218 | 1lIKN D|18 |1Q0G3 | A 1199 |1BUP | A |13 |1RV3 | A ]| 205
1J1B A 368 1Q79 Al 34 1IAS A 1491 | 1IKN D|273 | 1JR1 Al 32 1GZ8 Al179 108G | A |82

2BOL | A 232 1Q79 A 177 | 1IKMQ | A | 37 INXK |A 195 | 1JR1 A | 110 1GZ8 A 269 |1D5T | A | 339
1JSE A 60 1628 | A 158 |1IKMQ | A |175 | INXK |A|317 |1R1 A | 233 IDN1 | A | 157 | 1D5T | A | 387
2C4K | A 264 1SID A | 67 2GGM | A 138 | 1CTQ |A |2 1FIM A |98 IDN1 | A 191 |1DS6 | B | 146
2C4K | A 301 1SID A 1155 | 1XOX | A |48 IXFB | A |97 IX7Y |A |34 IDN1 | A |212 |1FVR | A | 860
1UA2 | A 70 1SID A 1192 | 20ZA | A |86 IXFB |A 1269 |1X7Y | A |90 IDN1 | A 264 |1FVR | A | 954
2AlL | A 14 1SID A 248 | 20ZA | A 1206 |1IXFB | A 299 | 1IX7Y | A|113 IDN1 | A |55 |1FVR | A|976
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2AlL | A 80 1ILN6 | A|108 |20ZA | A|315 | 2B1P A |49 IX7Y | A 134 | 2NGR | A |40 1QKM | A | 397
IRWY | A 55 1IE9G | A | 72 INSK | A 100 |2BIP A |82 IX7TY | A 224 | 2NGR | A |51 1UBF | O | 45
1SIF A 20 1IE9G | A 222 |1EFV | A |93 1IRU G125 |1IX7Y | A 246 |2NGR |A |72 1UBF | O | 49
133X A 46 1JPA Al727 |1EFV |A|171 |1IRU G | 158 | 1BF5 A | 634 1IEXB |E |72 1UBF | O | 320
133X A 58 1JPA A [8387 |1IUNL |A |77 1IRU G198 | 1IWe6T | A | 256 1IEXB | E |95 1BKL | A |59
IRW2 | A 137 1EF1 C |56 |1IUNL |A 181 |1VHR |A |23 IW6T | A | 423 ITRN | A |59 INI4 | A |89
1ZAl A 300 1A12 A |18 |1HCN | B |28 1QPC | A 263 | 1DGG | A | 260 ITRN |A |94 INI4 | A | 127
1F16 A 60 1A12 A 119 | 1J8F A |89 1QPC | A 1489 | 1DGG | A | 280 ITRN | A [232 |1J)DH | A | 604
1F16 A 163 1A12 A 274 | 1J8F A 218 | 1SJQ AlT72 1DGG | A | 447 1UYX A 248 |2F9D | A | 42
1RF8 A 133 1A12 A 1293 |1YEM | A | 122 | 1JPA A 851 | 1DGG | A |500 1FI6 Al 84 1Z0F | A | 136
1PI1 A 99 1A12 Al373 |1YFM | A [218 |1XW6 |A |6 1LUF | A | 656 IUKH |A |11 1IKAT | A | 241
1J4N A 158 1SSU A10 1IYFM | A 1359 | 1XW6 | A |40 1LUF | A | 659 IUKH |A |71 10PK | A | 191
1BFG | A 121 1IFOT | A |92 1IYFM | A 1402 | 1BYG |A 268 |2GST | A |22 10KC | A 131 |2CH5 | A | 157
2C2V_ | S 247 IFOT | A 132 |1YFM |A 435 |1BYU |A |79 2147 A | 236 1IUW2 | A |37 2CH5 | A|191
1QH4 | A 322 IFOT | A 318 |1YFM | A 459 | 1BYU | A |98 2147 A|1250 |2FYM | A 302 |2CH5 | A | 233
2J4Z A 384 IFMK | A 440 |1TUB | B |314 |1EFX | A |85 2147 A 1298 |2FYM | A 421 |2CH5 | A | 341
1IEQZ | A 59 IFMK | A 453 |1QDE | A |160 |1EFX | A |118 | 2147 A|352 |3GPD |G |93 1FOE | A | 1304
1ClY | A 310 IFMK | A 457 |1UPS | A |5 1EFX | A 123 | 1ZAl A 213 |3GPD | G |139 |1FIL A |59
1ClY | A 321 1SW8 | A |28 1UP5 | A |26 100D | A | 67 1ZAl A | 222 1IRU B |154 |1FGK | A | 677
1ClY | A 680 1TF7 A 1409 |1TWF | A |40 INA7 | A|138 |1FHS | A |67 1110 Al246 |1IFGK | A | 701
1EBF | A 176 1TF7 A 1426 | 1TWF | A|170 |INA7 | A |146 | 10EC | A | 608 IVGO | A |62 2H6F | B | 682
1EBF | A 225 IMY7 |A 1292 |1TWF | A 475 |INA7 |A |19 |10EC | A|©6l6 IVGO | A 309 |2H6F | B | 751
1ST6 A 327 1SRS A 177 | 1ITWF | A[527 | INA7 | A |261 |1BJ A|l211 IVGO | A |39 |2H6F | B |914
1IHUU | A 13 1SRS A 1181 |1TWF | A|[634 | INA7 | A |307 |1BJM A | 269 IVGO | A |570 |1HD7 | A |45
IKX5 | A 6 1YGP | A |37 1ITWF | A | 682 | 1G83 A 150 | 1BJ4 A | 286 IMCX | A |84 1HD7 | A | 184
IKX5 | A 58 1IYGP | A 343 |1TWF |A | 703 |1GL5S | A 232 |1IXKK | A|764 IMCX | A]15 |1HD7 | A | 264
IKX5 | A 80 1YGP | A 369 |1TWF | A 831 |1GLS | A |244 | 1IXKK | A|801 IMCX | A|230 |1US7 | B | 248
1E31 A 21 3PMG | A |8 ITWF | A 1885 |1CVU | A|147 | 1IXKK | A|813 IMCX | A]243 |1US7 | B | 331
1E31 A 97 3PMG | A 152 | 1TWF |A 976 |1CVU | A 262 |1IXKK [ A]0915 IWiB |A |75 INXK | A | 128
INXK | A 194 1QCF | A 202 |2HF3 | A |337 |2AKZ | A |130 | 2FB7 Al 32 1QCF | A | 479

IXWS | A 38 1AYA | A |80 2AKZ | A |24 1U46 A | 232 | 2FB7 A |37 1QCF | A | 492

IXWS | A 215 2HF3 A 1169 |2AKZ | A |56 1U46 A | 361 | 2FB7 AlT74 1QCF | A | 527
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APPENDIX J. ACTIVE RESIDUE LIST (CSA PROTEIN SEQUENCE)

Protein Index | Protein | Index | Protein | Index | Protein | Index | Protein | Index | Protein | Index | Protein Index
Impp A | 32 1pfq A | 708 lo8a_A | 353 liml_A | 265 1pfq A | 630 2fqq_A | 285 2bhg A | 182
Impp A | 35 1pfq A | 740 lo8a_A | 354 leb6 A | 129 1kfu L | 262 2fqq_A | 286 1kfu L | 99
Impp A | 75 1cbx A | 127 lo8a_A | 384 lile A | 267 1kfu L | 286 levr A | 152 1kfu L | 105
Impp A | 215 1cbx_A | 270 lo8a_A | 513 lile A | 369 llya B | 231 levr A | 211 2bkr A | 163
1tyf A | 68 lybg A | 285 lo8a_A | 523 lile A | 372 llya A | 33 levr A | 212 lcqq A | 40
yf A | 97 2lpr A | 57 lysc A | 146 2fqqg B | 390 1ge7 A | 118 levr A | 244 lcqq A | 71
1tyf A | 98 2lpr A | 102 lysc A | 397 lcg2 A | 175 1ge7 A | 133 Inin_ A | 54 Ixgm A | 187
yf A | 122 2lpr A | 193 lbcr A | 53 1lcg2 A | 176 1gib_ A | 202 Inin A | 71 litg A 152
yf A | 171 1sca A | 32 lbcr A | 146 1cg2 A | 200 1tlp E 143 Inin_ A | 115 litg A | 288
1rtf B 57 1sca A | 64 lbcr A | 147 1cg2 A | 385 1tlp E 231 Inin_ A | 122 lcqq A | 147
1rtf B 102 1sca A | 221 lbcr B | 397 laug A | 91 lpwv A | 728 lgch A | 67 2fqq A | 237
1rtf B 193 1i78 A | 83 llbu A | 192 laug A | 144 llam_A | 255 lgch A | 73 2fqq A | 238
1rtf B 195 1i78 A | 85 1gfm_A | 554 laug A | 168 llam_A | 262 lgch A | 369 1fo6 A | 127
1hr6 A | 65 1i78 A | 99 1gfm_A | 641 119x_A | 110 llam_A | 336 lgch A | 392 1fo6 A | 146
1hr6 B | 73 1i78_ A | 210 1gfm_A | 680 119x_A | 220 Ixqw A | 37 1s2k_A | 53 1fo6 A | 172
1b65 A | 146 1li78_ A | 212 lhzf A | 991 1lca0 B | 57 Ixgw_A | 105 1s2k_A | 136 2bhg A | 46
1b65 A | 218 1jhf A | 118 lhzf A | 994 1ca0 B | 102 Ixgw_A | 106 1rlj A | 584 2bhg A | 84
1b65 A | 250 1jhf A | 119 Inlu A | 80 1ca0 C | 196 Ixqw A | 244 1rlj A | 650 2bhg A | 163
1b65 A | 288 1jhf A | 127 Inlu A | 84 1x9y A | 237 Ixgw_A | 271 rlj A | 711 2bkr A | 102
1b65 A | 289 1jhf A | 152 Inlu A | 170 1x9y A | 243 lal6 A | 361 rlj A | 717 2bkr A | 103
1rdd A | 71 1jhf A | 156 Inlu A | 287 1x9y A | 340 lal6 A | 383 lili P | 503 2bkr A | 119
1rd4 A | 181 1t7d_A | 88 1gtn_ A | 258 1x9y A | 360 lamp_A | 151 lili P | 613 lazw A | 110
liec A | 63 1t7d A | 90 1gtn A | 317 8pch A | 19 lei5 A | 62 1slm_A | 202 lazw A | 266
liec A | 134 1t7d_A | 145 1gtn_A | 350 8pch A | 25 lei5 A | 153 last A | 93 lazw A | 294
liec A | 157 1rgqg A | 60 1gtn_ A | 360 8pch A | 159 lei5 A | 155 last A | 149 1fy2 A | 157
liec A | 165 1rgq A | 84 1gx3 A | 121 lcmx A | 84 lei5 A | 287 1ck7_A | 404 1fy2 A | 192
liec A | 166 1rgq A | 140 1gx3 A | 122 lemx A | 90 1fy2 A | 88 1fo6 A | 197 lcqq A | 145
1fo6 A | 47 1rgq A | 142 1gx3_A | 163 lcmx_A | 166 1fy2 A | 120 lcg2 A | 112

1fo6 A | 110 1pxv_A | 360 2bkr A | 26 lcmx A | 181 1fy2 A | 121 1cg2 A | 141




