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The Prediction of the Backbone Conformation from Protein Sequences

Student : Chien-Hua Shih Advisor : Jenn-Kang Hwang

Institute of Bioinformatics

National Chiao Tung University

ABSTRACT

The knowledge of protein structure conformation is useful in understanding the functions
and mechanism of proteins. Nowadays, we can use the X-ray or NMR technique to construct
the 3-dimensional structure of proteins. But these methods cost lots of time and money.
Fortunately, we now have an easier alternative to the knowledge of protein structures. That is,
from the increasing amount of data in the protein structure database, such as PDB database.
Up to the present, there are 30 thousand recotds stored in the PDB database. If we use the
PDB database as our knowledge and use the machine learning technique to predict the
3-dimensional structure from the“sequence of an unknown protein structure. That can let us
easier understand the protein’s function and mechanism.

This research is to find a suitable definition to describe protein backbone conformation,
and to predict backbone conformation from sequence information. We adapt two different
definitions of Ramachandran Plot and Protein Blocks. Our results by Support Vector Machines
(SVM) get a relatively good performance.

Finally, we will study on the relationship between the conservation of protein backbone
conformation and structural entropy. We've discovered that there is a consistency in structural

entropy by different definitions of protein backbone conformation.
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FIGUE CAPTIONS
Figure 1. The definition of PHI and PSI (¢ - y) angles in a amino acid residue i.
Figure 2. Gridl : The torsional angle was been classified according this ¢ - v map. This map
was divided into 36 classes, and each class has be assigned a letter code.
Figure 3. Grid2 : The torsional angle was been classified according this ¢ - v map. This map
was divided into 8 classes, and each class has be assigned a letter code.
Figure 4. Grid3 : The torsional angle was been classified according this ¢ - v map. This map
was divided into 5 classes, and each class has be assigned a letter code.
Figure 5. Grid4 : The torsional angle was been classified according this ¢ - v map. This map
was divided into 5 classes, and each class has be assigned a letter code.
Figure 6. Protein Blocks. From left to right and top to bottom the 16 Protein Blocks (labeled
from a to p). For each PB, the N-cap.is on the left and the C-cap is on the right.
Figure 7. The flow chart of assignment PBs class.
Figure 8. Encoding and prediction flow- ¢hart.
Figure 9. Calculate the structural entropy using:SVR output.
Figure 10. It shows that the accuracy of using Sequence Unique Database is better than using
RS126 database with window size 9.
Figure 11. Compare the test case in each datasets using PBs definition.
Figure 12. Compare the result between de Brevern’s and our using PBs definition, window
size 9 and the same dataset.
Figure 13. Compare different window size in RS126 using PBs definition.
Figure 14. Compare different window size in Protein Blocks Databanks using PBs definition.

Figure 15. Compare different dataset using PBs definition.

Figure 16-30. Protein structural entropy from 15 proteins.(a) PBs structural entropy, (b)
Gridl structural entropy, (¢) Grid2 structural entropy, Secondary structural entropy, and (e)

Secondary structure assignment. X-axis is protein sequence and Y-axis is entropy value.
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INTRODUCTION

The conformation and structure of the polypeptide backbone in a folded protein are
influenced by local amino acid sequence."” Since the first descriptions of protein structures by
Pauling and Corey,’ the researches in this field have been studied into the two principal point of
view, assignment and prediction. The secondary structure of a protein is a summary of the
general conformation and hydrogen bonding pattern of the amino acid backbone.* And the
general definition of secondary structure is DSSP.” Using this definition to predict secondary
structure can be achieved with the success rate of 80%.° But the description of the secondary
structure of a protein is accurate enough to characterize the complete structure of proteins.’ For
the reason given above, many researches focus on characterizing protein peptide
conformations.*'* Therefore, we now focus on the fundamental descriptors of a residue’s
conformation, i.e., the backbone torsional ‘angles. and protein blocks''. In the protein, the
backbone conformation of each residue.can be specified by the ¢ , v angles (Figure 1) used

in the Ramachandran Plot.'>"

Previeus researchers have provide various classification
schemes of the distribution of the backbone torsional angles. *'*'® We chose the definition of
Ross as our classifying method for the Ramachandran Plot.'® Because it can assign secondary
structure that using a simple algorithm. In the Yang and Baker’s research'®'’, they got the
similar results of prediction backbone torsional angles using Ramachandran Plot. But they only
use three kinds of classes to define the conformation for one residue in a protein. In their
results, it raise the question of that why a polypeptide is predicted into the wrong conformation
in the hypothesis of conformation depend on the amino acid sequence. It is reasonable for the
coil structure because the numbers of the coil conformation’s types are more than the helix and
B-strand conformation’s types. But the uniform conformation of helix and B-strand are also
predicted in wrong conformation. Other research also mentioned this problem and tried to

explain the reason. Meiler and Baker used two kind folding pathways to explain that a certain
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segment first might adopt a secondary structure preferred by the local sequence and later be
transformed to another secondary structure because of non-local interactions with a segment
distant along the sequence in the folding process.”’ Minor and Kim discovered that the same
local 11-residue segment can adopt helix or p-strand structure*' , and Sudarsanam found this
kind of residue segment from the Protein Data Bank.? In these problems, we need to use the
local structure entropy to find what kind of amino acid sequence will not follow the rule of
conformation depend on the amino acid sequence. The local structure entropy proved to be
successful in discovering the relation between structural conservation and local structural

d.""? But those

stability that used directly statistics on the database or machine learning metho
method are only use secondary structural to descript local structural conformation, and we have
discussed earlier that the secondary structural is not enough to descript local structural
conformation. And using the backbone torsional angles and protein blocks will be suitable and
enough to descript the local backbone conformation in: the protein. In this reason, we think our

research can find the relation between.sequence.and the fields about folding process, disorder

sequence and protein design.

METHODS

Datasets

We use three kinds of datasets in our experimentation. The characteristic of each dataset
are above.
RS126 : A nonhomologous data set that includes 126 globular and 4 membrane protein chains
with less than 25% pair wise similarity for length > 80 residues. There are 23,706 cases have

complete ¢ and y values in this data set.”*

S0



Sequence Unique Database : The data set is generated by the algorithm that is similar to the
PDB select algorithm, but rather than focusing on maximizing the size of the subset. The
algorithm focuses on getting representative structures of highest available quality. The
dataset’s pair wise sequence identity is less than 30%, and the resolution and R-factor criteria
are 2.0 and 0.21. The total cases are 509,316, and the total chains are 2,295 in this data set.
(version Nov/2004) ( http://swift.cmbi.kun.nl/whatif/select/).

Protein Blocks Databanks : 1t is based on the PAPIA server, which allow to select protein
with a maximum sequence identity and a RMSD value. The parameters are here : a. Sequence
identity < 30 %, b. RMSD > 10 A, c. Only X-ray structures, d. R-factor < 0.2 and e. resolution
< 2.0A . Total has 675 protein chains corresponding to 146,253 amino acids. In order to use
the five-fold cross-validation. In this dataset includes some redundant chains (ie. duplicate
chains), and we filter out the redundant chains. Finally this dataset has 651 protein chains for
our works.

(http://www.ebgm.jussieu.fr/~debrevern/DOWN/DB/papia_databank 22082001.txt)

Definition of Backbone Torsional Angle Class

We use 36 classes to define different ¢ , w torsional angle pairs. And each class will be
represented by a letter code (Figure 2), and we named this definition Gridl. Why we use this
definition, because it can use three continuous letter codes to convert secondary structure for
the central letter. The ¢ , w -values for each residues are mapped into the closest letter code.
Assignment of residues to the secondary structure category is then straightforward. Progressing
along sequence, conformation codes for each triple consecutive residues, <i,i+1,i+2 >, are
used to classify the central residue, i +1, into (a) helix if all three residues are in {O,P}, (b)

B-strand if all three residues are in {A,F,GLM,R}, (¢) B-turn if <i,i+1>or<i+1,i+2>

-3-



match a combination in this set { OO, OP, OJ, PO, PP, PJ, JO, JP, JJ, Mo, Mp, Ro, Rp, Rj, oo,
op, 0}, PP, Pj, jo, jp, jj, mO, mP, mJ, rO, rP, rJ}, (d) Pii-helix if the residues have not already
been classified as above classes and in {M,R}, or (e) coil in all other cases.'® A class is assigned
to each position along the sequence except for the one residue on each end of a sequence.

And we merge some classes into a new class (TABLE 1). This can make the different
classes definition with Gridl. And Grid2, Grid3 and Grid4 (Figures 3-5) are used in our

method.

Definition of Protein Blocks Class 2%’

We use 16 kinds of Protein Blocks (PBs) (Figure 6), and each class will be assigned to
one letter code(a ~ p) . The PBssclasses are ovetlapping fragments, M = Sresidue in length,
position i at the central of the fragment, encoded as sequence windows of
2(M —1) consecutive torsional angles “vector (v, 5@ _,,v, .. ¥, 8., V¥,...#.,) . They were
obtained by an unsupervised classifier similar to Kohonen maps ** and hidden Markov models
» PBs m and d correspond to the prototypes for the central a-helix and the central
B-strand, respectively. PBs a through ¢ represent B-strand N-caps and e and f, C-caps.
PBs g through j are specific to coils, £ and / to o-helix N-caps, and »n through p
to a-helix C-caps. Protein structures are encoded as sequences of @-y torsional angles, and
cut into consecutive overlapping fragments, each M amino acids in length. The fragment is
defined by a vector of 2(M —1) torsional angular values. The fragment vector is compared
with each PBs vector (Table 2) with the Root Mean Square Deviations on Angular(RMSDA)

values measure.



i=M-1

[w.(7) ~w, )T +[dn ) -4, (7))

RMSDAWV,,V,) = {|—=, 200-D) ()

The lowest RMSDA value for 2(M —1) angles determines the PB assignment. A PB is
assigned to each position along the sequence except for the two residues on each end of a

sequence. (Figure 7)

PSI-BLAST Profile

The inputs of SVM are parsed from PSSM (Position-Specific Scoring Matrix). The PSSM
is generated by Position-Specific Iterated BLAST (PSI-BLAST) program. This program is an
iterative program to search a database for proteins and it can generate a profile contained
probabilities of residues, taking=into account the ‘significance of each sequence and distant
homologues.*® The PSSM log-odd‘scoré profile was-obtained after five iterations with E-value
threshold 0.001 against the non-redundant protein database. This profile has Mx20 elements,
where M is the target sequence and each element represents the log-likelihood of the length of
the particular residue substitution at the template (based on a weighted average of

BLOSUMG62 matrix scores for given alignment position).

The Support Vector Machines (SVM)

The SVM are a family of algorithms for classification problems. *' It’s successfully
applied to secondary structure prediction.’”, subcellular localization™ prediction and other

biological pattern classification problems. We use the publicly available LIBSVM ** package



in our experiments, and kernel type is radial basis function (RBF).( Software available at
http://www.csie.ntu.edu.tw/~cjlin/libsvm/)

The basic idea of SVM is the use of a linear separating hyperplane, which can maximize
the distance between two classes. If the problem can’t be linearly separated in the original
input space, then SVM employs two techniques to deal with it. Firstly SVM uses a soft
margin hyperplane, which adds a penalty function to allow training errors. Secondly SVM
non-linearly transforms the original input space into a higher dimension feature space. Hence
in this new feature space it is more possible to find a linear optimal separating hyperplane to
classify the data. SVM training always seeks a global optimized solution and avoids over
fitting, so it has ability to deal with a large number of features.

Given input vectors x;, i=1,..,/ and a vector ydefined as: y,=1 if x, is in one
class, and y, =-1 if x; is in the other class, SVM tried to find a separating hyperplane to
separate these two classes of data. Here X,/ can'be alocal sequence window centered on the

interested residue. The variable™ y, isused to-denote the local conformation class of the

residue, and the local conformation classes are defined at previous section. The support vector

technique tries to find the separating hyperplanes w'x, +b=0 with the largest distance
between two classes, measured along a line perpendicular to this hyperplane. This
requirement is equivalent to minimization of %WTW with respect to w and b under the
constraint that y,(w’x, +b=0)>1. However, in practice, these data that is to be classified

may not be linearly separable. To overcome this difficulty, SVN non-linearly transforms the

original input space into higher dimensional feature space by ®(x)=(4(x),4(x),...) and

. . . 1 ! .
tries to minimize with respect to w, b and &, EWT w+ Czizlfm where C >0 is the

penalty parameter, under the constraint that y[w'®(x,)+b]>1-¢ where & >0. This

procedure has the advantage of allowing training errors. It should be noted that only some of
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the x,’s are used to construct w and b, and these data are called support vectors.

K(xl.,xj)zqﬁ(xl.)%(xj) is called the kernel function, and we use the RBF kernel

(K(x;,x,)= exp(—y”xi - xjuz), y > 0) to calculate all inner product. All SVM calculations

are performed using LIBSVM™, a general library for support vector classification and
regression.

In the SVM training procedure, we need use cross-validation to find the best parameter

C and y for RBF kernel. and the LIBSVM can use grid-search to find the best parameters.

Using the wrong parameters will generate worst prediction result.

SVM-Inputs

Our SVM inputs utilize Wx21-bits for each residue which is central in the W-length
fragment, and each residue in this-fragment'will represented by 21 bits(1-bit indicates the null
amino acid and the other 20-bits indicate the score for each amino acid from the PSI-BLAST

profile). And the score are normalized to the range [0,1] by the following scaling function.*

0.0 if x<-5
f(x)=405+0.1x if -5<x<5 (2)
1.0 if  x>5

Each fragment will be represented by Wx21-bits vector. W is the length of the sliding
window size on the sequence. The window size W is chosen to be an odd numbers so that the
target residue is always centered in the sliding window (Figure 8). In this work, we used 7, 9, 11
and 15 for the sliding window size. The SVM output is one classes for different definition

Gridl, Grid2, Grid3, Grid4 or PBs.



Performance Measure

In our experiments, we use five-fold cross validation for the dataset, and the accuracy to

judge our results.

the number of correct predictions

€)

Accuracy =
total nunber cases

Structure Entropy Calculation ™

The LIBSVM package has Support Vector Regression(SVR) model. Use this model can
output the probability estimates for each ¢lasses using the —b option. And summing of each
output probability is one.

When a protein sequence /" oflength L is denoted by I" = 0,0, 01, where 0, is the amino

acid at i-th position. And the SVR output for the d; can be represented by a vector P;, that is,
B =(py, Pizs-s Div) » (4)

where the p, is the probability of the j-th class at J;. Using Shannon’s information theory, 3

we compute the conformational entropy of J; by
N
Entropy, == p;log, p; , ()
j

where the b is the number of the classes. (Figure 9)



RESULTS AND DISCUSSION

Predict Gridl using RS126 dataset

We test different window sizes on RS126 dataset. The results are consisting of each class
for the RS126 dataset when the window sizes are 7, 9, and 11, respectively. (Table 3) The
accuracy of certain classes is 0%, and the test cases of those classes are under 100, implying
that the classes they belong to are forbidden for this kind of torsional angle pairs of protein
residues. The accuracy of the classes L and O are around 70% and 85%, respectively. And the
total test cases of L and O classes are 4013 and 6853. It means classes L and O are more
favorable for a residue in a protein sequence. In some classes P and R, they all have about two
thousand test cases but their accuracy is only around 20% and 0%, respectively. We think this
result can explain that the P class-has more relationship with protein sequence than R class. In
J, p and q classes, the number of test cases are around 300 but the accuracy are around 20%. It

suggests some protein sequence fragments have a tendency to reside in these classes.

Comparison between RS126 and Sequence Unigque Database using Gridl definition

Comparing the results of RS7/26 dataset (Table3) and Sequence Unique Database of
window size 9 (Table 4) (Figure 10), Sequence Unique Database is better than RS126 dataset
in each class, especially in class R and j. For the case of R class, the difference has been
explained in the previous section. Utilizing the RS/26 dataset, 0% of prediction accuracy is
resulted from the small size of RS/26 dataset and hence insufficient Protein sequence
information.

The total accuracy of Sequence Unique Database using Gridl definition can reach

-9.



54.81%. Numbers of the test case in the Sequence Unique Database is 20 times larger than
that of RS726 dataset, and therefore the Sequence Unique Database is too time-consuming in
the SVM training process. Furthermore, the RS726 dataset is too small in size to represent the
scale of PDB database. Thus, it is required to develop a new database suitable to describe the

whole space of PDB database while the size for training in SVM.

The results of Grid2 definition

In Grid2 definition, we merge Gridl’s 36 classes into eight classes. The total accuracy of
RS126 dataset (Table 5) and Sequence Unique Database (Table 6) of window size 9 are 54.7%
and 64%, respectively. The prediction of Grid?2 is better than Gridl definition, and each class in
Grid?2 is better than the merged class from Grid7. Only class E’ of the Grid2 definition is lower

than it’s mapping class O of the Grid/ definition.

The results of Grid3 and Grid4 definition

The Grid3 and Grid4 definitions(Table 7-8) are similar to Yang’s'®, including the results.
The progress in accuracy is contributed by merging the classes into a larger one. Although
progressive in accuracy, these definitions may lead to the problem of unable to get the

reasonable class consisting true relationship between sequence and local conformation.

Comparison the test case in each datasets using PBs definition

The occurrence frequency of test cases in this definition is quite consistent within each
dataset. (Figure 11) This suggests PBs definition is a comprehensive and relatively stable
descriptor that the occurrence frequency would almost make no difference between each

-10 -



dataset.

Comparison the result between de Brevern’s®” and our method using PBs definition

Our result is predicted by SVM and using the same dataset and window size with de
Brevern’s method. It suggests that using SVM and PSSM profile as input can get a better
accuracy than de Brevern’s method (Figure 12). But in the classes g, h, 1 and j, it is lower than
de Brevern’s method. The reason of this result may be because of the limit of SVM. The
occurrence frequency of test cases in class g, h, i, and j are under 3%. If the SVM input of one
class cannot be distinguished from others, the accuracy would drop to a low level. This may
somehow conclude that the class g, h, i, and j have weak relationship between the local

conformation and the sequence information.

Comparison different window:sizerin-RS126._and-Protein Blocks Databanks using PBs

definition

The comparison result shows consistency between window size 9 and 15. This also
reveals that enough sequence information is obtained to predict PBs when window size is set

to 9. (Figure 13-14)

Comparison different dataset using PBs definition

We compared the accuracy of RS126, Sequence Unique Database and Protein Blocks
Databanks using window size 9. The result is in Figure 15, and it shows the large dataset can
get better accuracy than smaller one. The number of test case in Sequence Unique Database is
5 times bigger than Protein Blocks Databanks, while the number of test case in Sequence

-11 -



Unique Database is 6 times bigger than RS/26. This is certainly because the larger dataset

covers almost the entire sequence space than the smaller dataset.

The relation between structure conservation and structural entropy

We compare 4 kinds of structural entropy calculated from different local structural
definitions: (a) PBs, (b) Gridl, (c) Grid2, and (d) SSE. There are fifteen results shown in
Figure 15-30. In our result, the structural entropy definition from PBs, Gridl and Grid2 are
very consistent. Because the definition of PBs and Grid2 are correlated with Gridl, this result
seems quite reliable. In these figures (e) labeling the secondary structure by different colors:
red for helix, blue for B strand and green for coil. In Huang’s research, the Secondary
Structural Entropy (SSE) has the gelationship with structure conservation. And the lower
entropy can map to the conservation region using SSE. We discovered that the inconsistent
regions are almost coil regions.. This"suggests SSE is relatively insensitive due to its
insufficient description power to coil conformations, which only containing three kinds of
local conformation, helix, B strand, and coil from secondary structure. Using our definitions
can make the structural entropy more sensitive in coil conformation, so it can improve SSE’s

method.
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TABLES

TABLE 1. Grid2, Grid3, Grid4 Definition

Grid?2 Grid3 Grid4
Type Types merge from Type Types merge from Type Types merge
Gridl Gridl from Gridl
A A, F A” AF,GL A AFEGL,M,R
B’ GL
C M, R B” M, R
D’ JI,P (O JLLP,O B> J,P,O
E’ O
F’ m, g r
G’ J,0,p D> 71,0, P c” 7,0, P
H’ B,C,D.E . H, I, E” B,C,D.E . H, I, D B,C,D.E . H, I,
K,N,Q,h 1,k I K,N,Q,g h,i, K,N,Q, g h,i,
n, q k,I,m,n,q,r k,1,m,n,q,r
non-class S, T,U,V,W,X non-class S,T,U,V,W,X non-class S, T,U, VWX
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Table 2. The angles on the central residue i for the 5-residues Protein Blocks.

PBtype Vi, ¢ Vi ¢ v, b Vi .2
a 4114 7553 1392 -99.8 131.88 -9627 122.08 -99.68
b 10824  -90.12 119.54 -9221 -18.06 -128.93 147.04  -99.9
c -11.61 -105.66  94.81 -106.09 133.56 -106.93 135.97 -100.63
d 141.98 -112.79 1322 -11479 140.11 -111.05 139.54 -103.16
e 133.25 -11237 137.64 -108.13 133 -87.3  120.54 77.4
f 1164 -105.53 12932 -96.68 140.72 -74.19 -26.65 -94.51
g 04 -81.83 491 -100.59 85.5 -71.65 130.78  84.98
h 119.14 -102.58 130.83 -67.91 12155 7625  -2.95 -90.88
i 130.68 -56.92 11926  77.85 1042 -99.43 1414 -98.01
] 11432 -121.47 118.14  82.88 -150.05 -83.81 2335 -85.82
k 117.16  -95.41 1404 -59.35 -2923 -7239 -25.08 -76.16
1 1392 -55.96 3277 68151 -26.09 -7444 226 -71.74
m 39.62  -64.73 £ -39.52 - -65:54° -38.88 -66.89 -37.76  -70.19
n 3534 -65.03 - -38.12 . -6634 - -29.51  -89.1  -2.91 77.9
0 4529  -67.44 T 2772 =827 513 7749 3071 -93.23
p 27.09  -86.14 0.3 5985 2151  -963 132,67 -9291
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TABLE 3. Prediction Results for RS726 using Gridl Definition

Type  Number Occurrence Correctly predicted
of cases  frequency ratio(%)
ratio (%) Window Size
7 9 11
A 604 2.55 6.95 1.82 5.13
B 34 0.14 0 0 0
C 32 0.13 0 0 0
D 42 0.18 0 0 0
E 56 0.24 0 0 0
F 298 1.26 0 0 0
G 1791 7.56 13.18 5.63 10.22
H 88 0.37 0 0 0
I 367 1.55 1.63 0 1.36
J 1303 5.50 1642  10.05 15.73
K 435 1.83 4.14 0.46 2.76
L 4013 16.93 67.73  74.13  69.05
M 991 4.18 12.11 3.63 9.38
N 50 0.21 0 0 0
o 6853 28.91 83.07 86.3 84.15
P 2546 10.74 2231 19.56 2294
Q 231 0.97 0.87 0.87 1.73
R 2236 9.43 30.81  28.18  28.53
S 11 0.05 0 0 0
T 13 0.05 0 0 0
U 77 0.32 0 0 0
v 15 0.06 0 0 0
W 28 0.12 0 0 0
X 33 0.14 0 0 0
g 119 0.50 8.4 2.52 6.72
h 57 0.24 0 0 0
i 31 0.13 0 0 0
j 249 1.05 24.9 12.85  21.69
k 35 0.15 5.71 0 0
1 26 0.11 0 0 0
m 110 0.46 8.18 0 4.55
n 45 0.19 0 0 0
0 336 1.42 10.71 5.36 11.01
p 391 1.65 2532 2225 2737
q 52 0.22 3.85 0 1.92
r 108 0.46 1.85 0 1.85
Total 23706 4441 4357 4432
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TABLE 4. Prediction Results for Sequence Unigue database using
Gridl Definition

Type  Number Occurrence Correctly predicted ratio

of cases  frequency (%)
ratio (%) Window Size
9
A 13258 2.60 19.44
B 305 0.06 6.56
C 141 0.03 0.71
D 183 0.04 1.64
E 571 0.11 2.28
F 5218 1.02 3.53
G 34613 6.80 18.51
H 966 0.19 4.87
I 5716 1.12 6.74
J 32101 6.30 31.80
K 7209 1.42 12.00
L 85634 16.81 75.02
M 22077 4.33 17.48
N 157 0.03 0
o 157494 30.92 87.26
P 54652 10.73 33.70
Q 3311 0.65 7.52
R 53418 10.49 45.6
S 15 0.00 0
T 24 0.00 0
U 80 0.02 0
A% 7 0.00 0
Y 59 0.01 0
X 74 0.01 0
g 2200 0.43 17.72
h 517 0.10 12.38
i 137 0.03 0
j 4413 0.87 20.82
k 276 0.05 0
1 298 0.06 6.38
m 1977 0.39 12.49
n 185 0.04 5.95
0 8514 1.67 27.58
p 11041 2.17 49.75
q 397 0.08 6.30
r 2078 0.41 18.77

Total 509316 54.81
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TABLE 5. Prediction Results for RS726 using Grid2 Definition

Correctly predicted ratio

e Number () _
of cases ratio (%) W1nd09w Size
A’ 936 3.89 0.53
B’ 5971 24.84 76.99
C 3332 13.86 32.89
D’ 3922 16.32 39.09
E’ 6915 28.77 78.50
F 347 1.44 3.17
G’ 995 4.14 45.63
H’ 1620 6.74 1.42
Total 24038 54.69
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TABLE 6. Prediction Results for Sequence Unigue database using
Grid2 Definition

Correctly predicted ratio

e Number () _
of cases ratio (%) W1nd09w Size
A’ 18487 3.63 14.70
B’ 120320 23.62 76.22
C 75550 14.83 48.85
D’ 86787 17.04 53.20
E’ 157554 30.93 82.86
F 6260 1.23 27.84
G’ 23982 4.71 58.37
H’ 20379 4.00 10.41

Total 509319 63.99
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TABLE 7. Prediction Results for RS726 using Grid3 Definition

Correctly predicted ratio

e Number () _
of cases ratio (%) W1nd09w Size
A 6907 28.73 72.88
B” 3332 13.86 24.58
c” 10837 45.08 87.59
D 995 4.14 33.57
E” 1967 8.18 4.52
Total 24038 65.60
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TABLE 8. Prediction Results for RS7126 using Grid4 Definition

Correctly predicted ratio

rype | Number  QrOnRSe (%)
YP of cases q o y Window Size
ratio (%) 9
A’ 10239 42.60 83.86
B’ 10837 45.08 80.86
c 995 4.14 31.46
D’ 1967 8.18 1.12
Total 24038 73.57
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Figure 2. Gridl : The torsional angle was been classified according this ¢ - y map.

This map was divided into 36 classes, and each class has be assigned a letter code. '°
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Figure 3. Grid2 : The torsional angle was been classified according this ¢ - v map. This map

was divided into 8 classes, and each class has be assigned a letter code.
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Figure 4. Grid3 : The torsional angle was been classified according this ¢ - v map. This map

was divided into 5 classes, and each class has be assigned a letter code.
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Figure 5. Grid4 : The torsional angle was been classified according this ¢ - v map. This map

was divided into 5 classes, and each class has be assigned a letter code.
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Figure 6. Protein Blocks. From left to right and top to bottom the 16 Protein Blocks (labeled

from a to p). For each PB, the N-cap is on the left and the C-cap is on the right.
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Sliding Window
B ——

v
Protein sequence . N D T Q @ G H | L

¢V PV PV PV SV YV YV SV PV PV

—~——

PB

Veetor PBUYPE  Via by v ¢ 7 b Via b

V. a 41.14 7553 1392  -99.8 131.88 -96.27 122.08 -99.68 RMSDA(V,, V) = 3.28
Vi b 10824 -90.12 119.54 -9221 -18.06 -128.93 147.04  -99.9 RMSDA(Vy,Veg) = 0.94
Ve c -11.61 -105.66  94.81 -106.09 133.56 -106.93 13597 -100.63 RMSDA(V, Vi) = 1.52
Vq d 14198 -112.79 1322 -114.79 140.11 -111.05 139.54 -103.16 RMSDA(V, V) = 10.12
Ve e 13325 -112.37 137.64 -108.13 133 -87.3 120.54 77.4 RMSDA(V,, Vi) = 0.78
Vi f 1164 -105.53 12932 -96.68 140.72 -74.19 -26.65 -94.51 RMSDA(V;Ve) = 11.71
V, g 04 -81.83 491 -100%59 ' 8555,-71.65 130.78 8498 RMSDA(V,,Vieg) = 1.48
Vi h 119.14 -102.58 130.83 #6791 121.55 7625 -2.95 -90.88 RMSDA(V;, V) = 5.4
Vi i 130.68 -56.92 119.26°¢ 77.85 111042+ -9943 1414 -98.01 RMSDA(V;,Vyy) = 13.6
A j 11432 -121.47 118,014~ 82.88/ 150105 :83.81. 2335 -85.82 RMSDA(Vj,Vieg) = 0.55
Vi k 117.16  -95.41 1404, +=59.35 -2923'. -72.39% -25.08 -76.16 RMSDA(Vi,Veeq) = 14.11
Vi 1 1392 -55.96  -327 -68.51 2609 -74.44. -22.6 -71.74 RMSDA(V,,Veq) = 20.1
Vi m -39.62  -64.73  -3952.  -65.54" 3888 - -66.89.' -37.76 -70.19 RMSDA(Vi,Veeg) = 7.84
Va n 23534 -65.03  -38.12 ©.-66.34 29515 -89 -291 77.9 RMSDA(V,, V) = 5.16
Vo 0 4529 -67.44 -27.72°. -87.27 513 9749 3071 -93.23 RMSDA(V,,Veeq) = 4.51
v, D -27.09  -86.14 0.3 "i59.85.. 2151 963 132.67 -9291 RMSDA(V;, Vi) = 3.23

The lowest RMSDA value is RMSDA(Vy, V).

Assign the residue E into PBs class b.

Figure 7. The flow chart of assignment PBs class.
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Figure 8. Encoding and prediction flow chart.
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Figure 9. Calculate the structural entropy using SVR output.
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Figure 10. It shows that the aceuracy. ofusing Segiience Unique Database is better than using

RS126 database with window size 9.
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Figure 12. Compare the result between de Brevern’s and ours using PBs definition, window size 9

and the same dataset.
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Figure 14. Compare different wihdow size in Protein Blocks Databanks using PBs definition.
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Appendix

Appendix 1. RS§126 Dataset

256b_A ber2_ E
9api_B 1G6N_A
7cat_ A 3hmg_A
6cpa_  1llap_

3ebx_ 2o0rl L
2FOX_ 1r09 2
6hir_  7rsa_
1158 2tgp_|1
2mev_4 9wga_A
lpyp_  8abp_

3rnt_ 1CYO
2stv_ lcch
2utg_A A4cpv_
2aat_ letu
lazu_ 2gbp_
1cbh_ 3hmg_B
6cpp_  50dh_

lovo A
2mhu_
2rsp_A
1tgs_|I
2wrp_R
6acn__
1bbp_A
2ccy_A
lcrn_
1fc2 C
1A45
2hmz_A
1GDJ_
2pab_A
Imrt
4rxn_
3tim_A

1BKS_A
lacx
lbds
1CDH_
1cse |
1fdl_H
1gdl O
5hvp_A
21hb_
lpaz_
lppt_
1s01_
6tmn_E
1BKS_B
8adhy:
1bmv_1
lcdt A

6cts
1DUR_A
2gls_A
21lb_
1LMB_3
9pap_
1rbp_
3SDH_A
2tmv_P
4dxia_A
3ait_
lbmv_2
3cla_
2cyp_
1fkf_
2gnS
3ich

21tn_A
2pey_
1rhd_
4sgb 1
1tnf A
1prc_C
2AK3_A
3blIm_
3cin_
S5cyt R
1FND_
1gpl A
7icd_
21tn_B
4pfk_
4rhv_1
1shl

4tsl A
lprc_H
2alp_
4bp2_
4cms_
leca
11QZ_A
4grl
1il8 A
5lyz_
3pgm_
4rhv_3
2sns
2tsc A
lprc_L
9api_A
2cab

4cpa_l
6dfr_
1fxi_A
lhip_
9ins B
Imcp_ L
2phh_
4rhv_4
2sod_B
lubq_

lprc_M
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Appendix 2. Protein Blocks Databanks filter out the redundant chains

1531
laduA_
laf7__
lamm__
laru__
1blcA_
1b9hA_
1bgVvA_
1bsliB_
1bzyA_
1c44A_
lcfb__
lcpn__
1cy9A
1d2mA_
1d60A _
lddt__
1dgyA_1
ldmr__
1dqzA_
ldxeA
1e2hB_
le6oL_
leehA_
leimA_
1e06B_
lesl__
1ewBA_
1FOKA
1F5mB_
1Fc9A_
1FkmA_
1fnnA_
1fupA_
1fzqA_

2227

199sA_
la6q__
lafwB_
lamp__
latlA_
1b2pA_
1bbpA_
lbhe__
1bsmA_
1c02A
1c8KA_
1chd__
1cq3A_
1cy9A 1
1d2mA 1
1d8wA _
lddt__ 1
1dhn__
ldoi___
1dsOA_
ldxy_
le2hB_1
le6gM_
leehA_ 1
lej2A_
1e09A
leswA_
1ex2A _
1FOXA _
1F5VA
1fd7D_
1F12A_
1fnnA_1
1fus__
1g0sB_

1g6sA_

lal2A_
la6qg__ 1
lagjA_
laocA_
1110
1b3mA_
1bd8__
1bhtA_
1btl__
1c1fA_
1c8uUA_
1chmA_
1cqxA_
1cy9A 2
1d2mA_2
1d9cA_
1ddvA_
1dixA_
1dorA_
1dsbA_
1dysA_
1e2hB_2
1e6uA_
leejA_
lejbA_
1e09B_
leu3A_
lextA_
1FOXA_1
1F5WA
1FF9A_
1FImA_
1fp1D_
1fvaB_
1g12A_

1972A_

lalx_
1la76__
lah7__
laop__
laxn__
1b4kA_
lbea_
1bj7__
lbtn__
1c1KA_
lcal___
1cjcA_
1crzA_
1cz1A
1d20A_
1dbfA_
1dfx =
1djOA_
1dowAs.
1dtoA_
1dytA_
1e2hB_3
1270
1ef8C_
lejdA_
1eokA
leuB8A_
leyOA_
1F2dA_
1F6KA
1FF9A_1
1flp__
1fpl1D_1
1fvuB_
1g13A

1973A_

la2pA_
la7uA
lahc__
laop__3
layoA
1b5eA_
1bf2__
1bjwA_
1bu7A_
1c2pA_
lcczA
1ckeA
1cs6A_
lczfA_
1d2tA
1dbxAx
1dg3A_
1dkOA
ldozA
1dtoA 1
1dz3A
1le2uA_
1e87A_
lefsc_1
lejjA_
lepOA_
leuaA_
leyhA_
1f2tB_
1F7sA_
1fgyA_
1fmOE_
1fp2A_
1fvuB_1
1glbA_

1g73D_
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la2zA_
la8e
lai3
lapyA
layx_
1b5gB_
1bf6B_
1bkpB_
1buoA_
1c3jA_
1celA_
1ckeA 1
lcss__
lcznA_
1d2tA 1
1dciAs
1dgsA. 1
1dk8A |
1dp4A_
1dts’
1dzfA_
le3aA
lecsA_
leg9A
1lekOA
leq6A_
leuhA_
leygA_
1f2uA_
1f8aB_
1fi2A_
1fmOE_1
1fp3A_
1FX7B_
1g1kA

198iA_

la3aA_
la8h__
1ai9A_
lapyB_
laz9
1b71A_
1bfd__
1bkzA_
lbxaA_
1c3jA_ 1
lcem__
1cmbA_
lcv8__
1lcztA_
1d2vA_
1dd3A_
1dg3A_3
1dIwA_
1ldgeA_
1dugA_
1leOcA _
1le3uB_
ledg_
1leg9B_
lekgA_
lerzA_
leur__
leyvB_
1F32A
1f8aB 1
1fit__
1fmtA_
1Fs7A_
1fx7B_1
19291

1g8iA_1

la3h__
las8l__
1aj8A_
laqOA_
lazo
1b8aA
1bg6_
1bn8A_
1byfB_
1c3jA 2
lceqA_
lcnzA_
levl__
1dObA_
1d2vC_
1dd9A_
1dg3A_4
1dmgA_
1dagA_
1dupA_
1el5A
1edfT_
ledqA_
leguA_
lel4A_
lesfA_
levxA_
lez3A_
1F39A_
1F8mA
1fFj2A_
1fmtA_1
1Ft5A
1FxIA_
1g30A_

1g8IA_

ladd__
la8p__
lajz
lagb__
lazo_ 1
1b8pA_
1bg6__ 1
1bolA_
1bygA_
1c3KA_
lceqA 1
1lcozA_
levl__ 1
1d0gA_
1d3sA_
1dd9A_1
1dgwA_
1dmgA_1
1dgiA_
1dusA_
1e19A
1e4fT 1
ledt__
leif
1lel6A_
lesfA 1
lewOA_
1fo0l_
1F3uA_
1F9zA
1fjhA_
1fnoA_
1ftrA_
1fyeA_
1g57B_1

lgakA_

1la4iB_
laew_
lako__
larb__
1b00A_
1b94A_
1bgf_
1bgk__
1bzO0A_
1c30A_
lcewl_
1cp2A_
1cvrA_
1104
1d40A_
1dd9A_2
ldgyA_
1dmhA_
1dqtA_
1duwA_
1e29A
1e5mA_
lee8A_
leif 1
lemvB_
lesgB_
lewdA_
1F08A_
1f3uF_2
1fc3A_
1fjhA_1
1fnc__
1fua__
1fyeA 1
1g5tA

lgceA_



Continued
lgceA_1 1gcuA_ 1gcyA_ 1gcyA_1 1gdOA_ 1gd10_ lgefA_ 1geqB_ lgeqB_1 19g6B_

1ggxA_ lgia__ 1gnd__ 1gof__ 1gplA_ 1gpeA_ 1gpr__ 1gsh__ 1gsh__1 1gsh__ 2
1h2rL_ 1h2rs_ lhel__ lhcl_1 1lhcz__ 1hd5A_ 1hd5A_1 1hd7A_ 1hd7A_2 1he7A_
1hT8A_ 1lhfc__ 1hhsA_ 1holB_ 1holB_ 1 1lhruA_ 1hsbA _ 1htrB_ 1hxgA_ 1lhxqA_1

1i0dA_  1iOrB_  1ilgB_  1lilgB_1 1ilgB 2 1i39A_  1li6pA_  1i9yA_  1i9yA 1 1i9yA 2

liab__ liakA_ liakB_ liazA_ 1149 licjA_ lido__ 1lie8A_ lie8A_1 1ligs__
1ihgA_ 1i07A_ 1jbc__ 13frA_ 1jkmB_ 1kdj lkoe 1kpf__ 1lam__ 1lenC_
1lib__ 10K 1Iml__ 1Iml_ 1 1Iml_2 11tm__ 11tm_ 1  11tsA_ imba__ 1mgtA_
1mkaA_ Imla__ Imml__ 1227 ImugA_ ImuyA_ lnah__ lnar__ 1nbaA_ 1nbcA_
1nfn__ 1nfn__1 1nkr__ Inlr__ lnox___ Inpk__ InseA_ 1nsf__ insj__ 1nsyA_
1nwpA_ 1nzyA_ 1obwA_ loen___ loen__1 1loen__2 lonrA_ 1pamA_ 1pbn__ 1pbv__
1pbwA_ 1pdo__ 1phm__ 1phm__1 1phnA_ lphp__ lpmi__ 1pnkB_ 1lpoa__ 1ppn__
1pprM_ 1prn__ 1puc__ 1pud__ lgadA_ lgadA_1 1qgazA_ 1gbOA_ 1gb8A_ 1gbiB_
1gbiB_1 1gbiB_2 1qcxA_ 2326 1qd9A_ 1lgdeA_ lgdeA_1 1qge3A_ 1ge3A_1 1qge3A_2

1gftA_ 1qg8A_ 1qg8A_1 1qgiA_ 1gh4A_ 1gh5A_ 1ghgA_ 1ghvA_ 1qi7A_ 1qj5A_

1g9j5A_1 1qjdA_ 1gk8A_ 1gksA_ 1garAi 1gnxA_ 1ggjA_ lgsaA_ 1gstA_ 1qtoA_

1qtsA_ 1qulF_ 1regX_ irhs__ 1rl6A_ lrmgs. lrom 1rpjA_ irro__ 1sacA_
1seiA_ 1sTtA_ 1skf 1shl = IsmbA- 1sra 1srvA _ 1stmA_ 1sur__ 1svb
1svy__ 1tca__ 1tF4A_ 1tfe= 1thfD_ 1thm__ 1thv__ 1tib__ 1tkiA_ 1t12A_
1tolA_ 1tolA_1 1tpfA_ 1trkA_ 1ttgB Ttyu 1tyu 1 1tyu_ 2 luch__ luch__1
ludh__ luok__ lupl_ 1uroA_ lvcaA_ 1vErA” lvid__ 1vjs__ vjs_ 1 1vis
1vpnB_ lvsd__ 1vsrA_ lwab__ 1wdcC " 1041 1wgtA_ iwhi__ ixer__ 1xgsA_
1xib__ ixnb__ 1XSO0A_ Ixwl lyacA lyge 1zin__ 1zpdA_ 256bA_ 2abh__
2abk___ 2baa___ 2bbkH_ 2bbkL_ 2bc2A_ 2bc2A_1 2cha__ 2cpl__ 2ctb__ 2cuaA_1
2e2c__ 2end__ 2fcbA_ 2gdm__ 2hft_ 1 2hft_2 2hmzA_ 1 2hrvA_ 2hvm__ 2ilb__
21isA_ 2mem__ 2mnr__ 2nacA_ 2pgd__ 2pia__ 2pii__ 2plc__ 2por___ 2pth__
2rn2__ 2rspA_ 2rspA_1  2scpA_ 2sil__ 2spcA_ 2tgi__ 2tIxA_ 2tnfA_ 2vhbA_
2vhbA_1 3chy__ 3cyr__ 3daaA_ 3dni__ 3dni__1 3grs__ 3hsc___ 3lzm__ 3mbp___
3pah__ 3pte__ 3sdhA_ 3stdA_ 3thiA_ 3vub__ 3wrp__ 4fgf__ 4pgaA_ 5nll__
7nn9___
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Appendix 3. Sequence Unique Database

lazp_A
la2z_A

ladm_A

1a58
1a73_A
1a8b_
la8e
1a8q_
labe
lagi_
lail_
1laj8_A
laky_
lal3_
laoe_A

laoz_A

latg_
layf_A

1bOu_A

1bdp_A

1b65_A

1b67_A

1b8o_A

1b8p_A
1bbz_A

1bfd_

1bi5_A

1m5s_A
1mék_A
imc2_A
1med A
Imhw_A
1mi3_A
Imjf_A
imkz_A
1ml4_A
Imla_
imng_A
imog_A
imol_A
Impx_A
Imr7_A
imtz_A
Imuw_A
Imyt
inlj A
1ndw_A
1n7s_B
1n7s_C
1n9 A
1nar_
1nc7_A
1ncx_
1ndl_A
1lne7_A
lnep_A
1nhk_L
1nkg_A
1nkx_A
inIn_A
1nme_A
1nme_B

1nng_A

2abk_
2acy_
2ahj A
2ahj_B
2ayh_
2cbp_
2cy3_
2eng_
2fcb_A
2ilk_
21tn_B
2mem_
2mhr_
2pii_
2pvb_A
2rn2_
2sn3_
2trx_A
2wrp_R
3cox_
3lzt_
3mbp_
3seb_
4pga_A
5cyt_R
5tim_A
7a3h_A
1531 _
1a34 A
lad4
la8s
lado_A
laew_
lafw_A
lagq_A

lako_

Im3u_A
1m48_A
1mal_A
1méy_A
Im7s_A
Imai_
imfg_A
Imgr_A
Imid_A
1mj4_A
1mj5_A
Imgk_H
Imgk_L
Imr3_F
imrj_
Imro_A
Imsk =
1mv8_A
1mvo_A
Imwp_A
Imwv_A
Imxi_A

1n31_A
1n45_A
1n6a_A
1n7h_A
1n7s_D
1n82_A
1n8v_A
1n97_A
1ne9_A
Infp_

1ng2_A
1nh0_A
1nh2_C

1nh8_A

3c2c_
3ebx_
3fap_B
S5pal _
5tmp_A
7aat_A
9wga_A
lali_A
la3a_A
la6bm_
1a88_A
1la8l_
la8u_A
lajj_
lamf [
lamk.
Tath A
latz_A
laxn_
iblc_A
1b25 A
1b3a_A
1b5f B
1b6t_A
1b8d_A
1b90_A
1bgp_
1bkj_A
1bkr_A
lbgc_A
1bsO_A
1lbsm_A
1lbxy_ A
1c02_A
1cik_A

1c2a_A

1ly2_A
11z1_A
1mOk_A
1min_B
1m22_A
im2g_A
1m33_A
im4i_A
1m8a_A
1mdc_
Imhw_C
Impg_A
Imgi_A
Imr8_A
Amtp_A
imtp B
Imug_A
imve A
Imxr A
Imy5: A
imy6_A
Imz4_A
1nOw_B
1n13_A
1n1f_A
1nlj B
1n2a_A
1n62_A
1n62_C
1n8n_A
1nh2_B
1nkr_
1noa_
Inpk_
1ng6_A

inrj_A

2slhi_
2spc_A
2tgi_
3csu_C
3ezm_A
3psg_
3sdh_A
3vub_
4ubp_A
5hpg_A
5nll_
7atj_A
8tin_E
arnt_
ladi_A
laap_A
lah7_
laoh_A
larb_
larv_
lavb_A
layx_
lazg_A
1b0Ob_
1bOn_A
1b4k_A
1b5q_A
1bbl_A
1bbh_A
1lbdo_
lbea_
1lbeb_A
1bf6_A
1bg6_
1bhp_

1bj7_

1m7y_A
1mb3_A
imhn_A
Imix_A
Imju_H
Imlw_A
Imml_
Immqg_
1mol_A
1mo9_A
1moq_
Imgg_A
imro_B
Imro_C
Imuc_A
Imwg_A
1mxg_A
1mzn_A
1n0qg_A
1n13_B
1nlt A
1n67_A
1n71_A
1n7f A
1n93_X
1na5_A
1nb9_A
lnbc_A
1nh2_D
1nk0o_A
Inls_
1nof_A
1nox_
1nq7_A
inty A

1nvm_B
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