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Chapter 1: Introduction



1.1 Apoptosis

All cells in multicellular organisms such as insects, plants, and
human undergo many physiological processes to keep the organism alive.
Cell division and cell death are two major processes that should occur in
harmony to keep the homeostasis “internal environmental balance” of the
organism.

The ability of the cell to self-destruct when it faces harsh
conditions or stress is important for the multicellular organism as the
ability to produce new cells. Because of the process of cell death, the
over all number of cells in any adult healthy organism remains constant.
This critical process is called apoptosis or programmed cell death.

Apoptosis or programmed cell death is a genetically highly
conserved cellular function. It was firstly identified in 1972 by Andrew
Wyllie and his colleagues who published a paper that described the cell
death process of apoptosis [Kerr et al. 1972] . The term apoptosis is of
Greek origin, and is used to describe the falling of a petal from a flower

or the loss of a leaf from a tree [Bleackley and Heibein 2001] .



The general importance of apoptosis is to get rid of unorganized,
infected, old, and damaged cells. These types of cells are the typical
targets of apoptosis. The death of these cells would prevent the
organisms from suffering from many diseases and keep it alive.

There appears to be a variety of situations where apoptosis is
fundamentally 1important for the development and survival of
multicellular organisms. In normal physiological conditions, apoptosis
plays an important role in the formation of new anatomical structures
[Vartanyan et al. 2005]. For example, there is a web of cells between the
fingers and toes of the human fetus, giving the hands and feet paddle-like
features. As development progresses, the fingers and toes are sculpted
from this paddle, with the cells between the new digits dying via
apoptosis. Also apoptosis is responsible for the death of tail cells of the
tadpole during its transition into a frog [Duke et al. 1996]. In addition,
apoptosis is also important in the formation of functionally neural
network and the development of the neural system [Mazarakis et al.

1997].
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Figure 1.1 (a): Fetus hand development

Figure 1.1 (b): Tadpole tail destruction

On the other hand, uncontrolled and deregulated apoptosis will end with
dangerous diseases such as cancer, AIDS, and Alzheimer's. Inhibition of
the normal process of apoptosis can lead to the formation of tumors. In
case of AIDS, the HIV virus infects a key cell in the immune system and
destroys this cell by activating its apoptosis program. This in turn leads to
the collapse of the whole immune system with well-known
consequences. Apoptosis in the central nervous system is also thought to
play a key role in loss of cells, which is a key feature of diseases such as

Alzheimer's and other related diseases [Duke et al. 1996].



The main effectors of apoptosis are caspases. Their activation
leads to different morphological and biochemical changes such as
shrinkage, chromatin condensation, DNA fragmentation and plasma
membrane blebbing [Chay et al. 2002]. These changes will make the cell
that undergoes apoptosis to be a target for phagocytosis. Phagocytes; a
group of white blood cells, recognize the external changes on the cell
membrane, such as the externalization of phosphatidylserine and engulf

the cell [Earnshaw et al. 1999].

1.2 Caspases

Caspases are a group of enzymes that belong to the family of
cysteine proteases. The name “caspase” comes from: Cysteine-dependent

ASPartyl-specific protease [Alnemri et al. 1996 ].

Up-to-date, 15 mammalian caspases have been described [Eckhart
et al. 2005]. The name of caspases is referred to in the order of their

publication. Therefore, the last caspase to be identified is caspase -15.



Caspases are synthesized as zymogens “inactive form”, which
are activated by various triggers that cause the active caspase to express
itself and carry out its specific function [Paszty et al. 2002]. Caspases
activation usually occurs through proteolytic processing of the zymogen
at conserved aspartic acid residues “Asp” or “D”. Two cleavages are
required to convert the zymogen to an active caspase enzyme. The first
cleavage separates the prodomain from the large subunit while the other
separates the large and small subunits [Earnshaw et al. 1999] (Figure
1.2). The only mammalian enzymes that can activate caspases are the
caspases themselves with the exception of Granzyme B. [Earnshaw et al.

1999]

Prodormain &
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Figure 1.2: Zymogen structure



According to their prodomain, caspases are subdivided into two
categories:
a) Initiator caspases: have long prodomain, examples are:
caspase -8, -9 and -10.
b) Effector caspases: have short prodomain, examples are:
caspase-3, -6 and -7.
While according to their function and structure caspases have two
principal subfamilies:
a) Caspase -1 subfamily: includes caspases -1, -4, -5, and -13. Their
main function is to control the inflammation.
b) Caspase-3 subfamily: includes caspases -3, -6,-7, -8, -9 and -10 as
they are specialized in apoptosis.
Caspase -2 is structurally similar to the caspase -1 subfamily members

but functionally it is involved in apoptosis. [Earnshaw et al. 1999]

Caspases play important roles in the initiation and execution of
programmed cell death “apoptosis”. Both initiation and execution of

apoptosis are carried out through cascade cleavage of substrates.



Although caspases major function is apoptosis, they are also involved in
other important cellular process such as in inflammation, proliferation,

cell cycle, and spermatogenesis [Los et al. 2001].

1.3 Mechanism of action

Caspases are activated from zymogens to active caspases by self
cleavages. After activation caspases will cleave their wide range of

substrates in the same manner of their self cleavage.

The cleavage of caspases is characterized by the presence of
Aspartic acid ‘D’ residue in the P1 (Figure 1.3) position in the substrate.
Although the cleavage of all substrates is executed after the amino acid
‘D’ at P1, the existence of ‘D’ alone does not make a peptide susceptible

for cleavage by caspases.
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Figure 1.3: Caspase -3 cleavage process

However all caspases cleave their substrates after the same amino
acid “D”, the preferred three amino acids before the “D” at P1- at least-
are varied between caspases [Backes et al. 2005]. Table 1.1 shows the
classification of caspases according to their preferable cleavage site

sequence “motif” [Garay-Malpartida et al. 2005; Backes et al. 2005]:



Table 1.1: Caspases preferable motif

10

Caspases Preferred motif/s
Group 1 1,4,5,11,12, 14 [W/LJEHD
Group 2 2,3,7 DExD
Group 3 6,8,9,10 [L/V]E[T/H]D

Recently, it has

been reported that the

P1 position should be

followed by a small amino acid such as Alanine ‘A’ or Glycine ‘G’ to be

a good substrate of caspases [Stennicke et al. 2000]. Because of this, the

recognition of at least five amino acids (P4-P3-P2-P1-P’1) (Figure 1.3) is

necessary in the cleavage process carried out by all caspases.

The knowledge of the high affinity of caspases toward such motifs

gives the researchers the ability to use such motifs as inhibitory peptides.

For example, the motif DEVD found within poly (ADP-ribose)

polymerase (PARP) is cleaved by caspase-3 [ Lazebnik et al. 1994], and

it has been used to create the tetrapeptide inhibitor Ac-DEVD-CHO that

1s a common inhibitor for caspase-3.

1.4 Caspase -3




11

Caspase -3 (interleukin-1beta converting enzyme/CED -3) is the
main executer caspase that is responsible for the cleavage of many key
proteins. Caspase -3 activation plays a central role in apoptosis.
Activated Caspase -3 is responsible for the breakdown of several cellular
components to DNA-repair and regulation [Earnshaw et al. 1999; Zhan et

al. 2002].

Although the most preferable motif for caspase-3 is “DExD”
[Thornberry et al. 1997], many substrates that are specific for caspase-3
found to have the unconventional motif “xxxD”. Yet, there is discussion
about the significance of other conserved amino acids located outside the
motif. The variability of amino acids in the cleavage site complicates the

recognition and the prediction of these motifs.

Up-to-date, caspase -3 has more than 150 experimentally verified

substrates. Some of these substrates do not have the conserved motif
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“DExD” at their cleavage sites. On the other hand, some proteins that are
not considered as caspases substrates may have “DExD” motifs in their

primary protein sequence.

1.4.1 Caspase -3 substrates

Caspase -3 substrates are proteins with various functions and come
from different protein families. Table 1.2 classifies many of caspase -3

substrates according to their function and location in the cell.

Table 1.2 Caspase -3 substrates
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MNuclear proteins

Lamin A'C [Fao et al. 1996]
Mldm2 [Pochampallv et al. 1998]
71 snRINP [Casciola-F.osen et al. 1996]
SAF-A [Elhipp et al. 2000]
Protein kinases
PEC C [Simith et al. 2000]
PE.C-& [Basu et al. 2002]
PE.C-© [Datta et al. 1997]
PEC-561 Persand et al. 2005]

PE IV [Takahashi et al. 1998]
PE.C-n [Haussermann et al. 1999]
PAR 2 [Walter et al. 1998]

Mstl/ 2 [Graves et al. 199E8]

HPE.1 [Chen et al. 1999]

Apoptosis “direct™
DFF 1CAD [Inohara et al. 1998]
Bcel-2 [Bellows et al. 20007]
Caspase -9 [Zou et al. 2003]

Cwtoplasmic proteins

Beta-actin [Song et al. 1997]
Gelsolin [Elothakota et al. 1997]
(Gas2 [Sgorbissa et al. 1999]
Beta-Catenin [Steinhusen et al. 2000]
Feratin 18 [Caulin et al. 1997]
FAP] [Cosulich et al. 1997]
Signal transduction pathwaxys
PP2A [Santoro et al. 1998]
cPL A [Luschen et al. 1998]
SEEBP-1/2 [Wang et al. 1994]
RasGAP [Yang and Widmann 2001]
IL-18 [Aldta et al. 1997]
IL-16 [Zhang et al. 1998]
D4-GDI [Wa et al 199a]

Regulation of cell cyvcle proliferation

p21 swafl [Gervais et al. 1998]
p2TEKipl [Evmin et al. 1999]
Neddd [Harvew et al. 1998]
DMNA metabolism and repair
PARP-1 [Lazebnik et al 1994]
Rads1-A [Flvgare et al. 2000]
Topo-1 [Samejima et al. 1999]

Keeping in mind that some substrates are cleaved at more than one

site. Although these substrates are cleaved by caspase -3, some of these
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substrates also could be cleaved by other caspases mainly caspase -7 as it

belongs to the same functional family “executors”.

The importance of caspase -3 substrates in many medical fields on
one hand; and the difficulty to recognize these substrates on the other
hand encourage the research of an algorithm that could predict the

cleavage site of any given protein.

1.4.2 Available tools for prediction of Caspase -3 substrates cleavage
site

The explosion of bioinformatics data and its availability on the
web help many researchers develop bioinformatics tools that solve
biological problems depending on scientific computing. In some fields a
significant progress has been made, while in other fields work is still
needed.

In general, tools that predict the cleavage site of many

endopeptidase enzymes are few and have wide range of error. There are
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only few available tools on the web that deal with the prediction of
caspases substrates in general -as there is no specific tool only for

caspase -3. Here we show the main two tools that are available:

1.4.2.1 GraBCas

This bioinformatics tool predicts the cleavage site for the caspases
“1-9” and granzyme B substrates. GraBCas was developed according to
experimentally substrates specificities determined by using positional
scanning synthetic combinatorial libraries [Thornberry et al. 1997]. The
amino acids in the positions P4, P3 and P2 were analyzed and a position
specific scoring matrix (PSSM) was developed for each caspase and for
granzyme B. Additional filter was used for caspase -3 and granzyme B.
The filter depends on including additional sites (P6-P’2) in computing
the score. Medium to large size amino acids (C, Q, I, M and V) at the
position P’2 were excluded by a “low stringency” filter. While a “high
stringency” filter selects hits with G at the same position [Backes et al.
2005]. GraBCas was written in Java and is available as an applet or as

software at the following address:

http://wwwalt.med-rz.uniklinik-saarland.de/med_fak/humangenetik/software/index.html.
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1.4.2.2 CaSPredictor

This tool i1s Visual Basic-programmed software that is not
available on the web and can be obtained by direct contact with the
author. CasPredictor developments depended on the analysis of natural
caspases substrates. The software uses the Caspase Cleavage Site
searcher algorithm “CCSearcher”. The CCSearcher algorithm was
developed based on three parameters. One of the parameters was the
PEST index (Ipest) which is computed by giving a value of 1 to the amino
acids (S, T, P, E, D, N and Q) and 0 for other amino acids in the region

from P19-P’16 [Garay-Malpartida et al. 2005].

IPEST= P19+P18+P17+...+P’16

N in general cases equal to 35.

Both tools: GraBCas and CaSPredictor; are general for all
caspases. This generality increases the quantity of substrates to be

predicted for all caspases; but decreases the specificity for any caspase
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enzyme substrates as general perspectives are considered in calculating
the final score. The focus on caspase -3 in one algorithm -as this thesis
about — would decrease the error and be more specific in predicting any

given protein.

1.5 Thesis review

The problem (Motivation): Caspase -3 is a highly selective enzyme
that cleaves its peptide sequences (string) substrates only after aspartic
acid “D” residue (character). Yet, this selectivity is rather not
straightforward. Aspartic acid residue exists on average 6 times in a
protein of 100 amino acids. However, only 2.5% of all aspartic acid
residues can act as potential caspase -3 cleavage sites. In general, to
know whether a given D residue is cleaved by caspase -3 or not, would
costs about $10,000 with 6 months of lab works. Therefore, biologist are
in a great need of a strong bioinformatics tool that can help them in
predicting the right cleaved D using the protein sequence as input data

instead of costly and time consuming lab work. The theoretical
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prediction would minimize the number of D residues that should be
experimentally verified, thus reducing significantly the time and cost of

caspase -3 substrates discovery.

The goal (Objective): to build an algorithm that will predict if any given
protein sequence (string) contains a caspase -3 cleavage site. The
algorithm is specific for caspase -3. However, its principles could be

easily applied to any other caspases substrates.

Thesis chapters:

o Chapter 2 “Analysis and methods”: in this chapter, we
analyzed caspases -3 substrates that are experimentally proven.
The aim of analysis was to look for any common features among
these substrates especially around their cleavage sites. The
common features were used later to establish CAT3 scoring

matrices.
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Chapter 3 “Results”: In this chapter, we introduce the results of
our analyses. We describe the important features that normally
exist around D residue in order to be recognized as caspase -3
cleavage site. Based on these distinctive features, we constructed
our scoring matrices. These matrices are the source from which
each tested peptide sequence will retrieve its final score.

Chapter 4 “CAT3 algorithm”: this chapter explains the scoring
system used in CAT3. An example is shown to explain exactly
how CAT3 calculates a score for any given protein string.
Chapter 5 “Discussion and conclusion”: this chapter discusses
our results. In addition, we discuss the results of comparing CAT3
accuracy with existing similar tools.

Chapter 6 “Appendices”: this chapter contains all the tables and

codes we use in this thesis.



Chapter 2: Materials and Methods

2.1 Materials and software

20
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The following softwares were used in data collection and analysis:
«  Windows XP professional edition.
* Microsoft office 2003 professional edition.
 Internet Explorer.
* Perl: Active-state.
 Perl Builder 2.0.
* Perl2exe.

« EndNote X.

2.2 Data collection

PubMed literature database (www.pubmed.gov) was used to
search for papers that describe human proteins, which act as caspase -3
natural substrates. Each paper was critically analyzed to specify the
position of the cleavage site. The amino acid sequence of the proteins
that were experimentally proven to include a specific caspase -3 cleavage

site were obtained from Expasy homepage (www.expasy.org).
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We could collect 144 experimentally proven caspase -3 substrates.
The 144 obtained sequences were divided into two groups; 119 proteins,
containing 136 cleavage sites, designated as matrix establishing group
(MEG) and 25 proteins with 27 cleavage sites, which were designated the
Test substrates group (TSG).
Data were organized in an excel sheet that contains the following
fields:
« Name: the name of the substrate, or its Synonyms name “shortcut”.
« Accession: the reference code of the protein in the SWISS-PROT
database
« Motif: the cleavage site {P4-P1} and its position in the protein
sequence
« Pub-Med: a reference number of the article in the NCBI/Pub-Med
database
The proteins primary sequences were saved for each substrate as a text
file with its accession number as the name of the file.

2.2.1 Species database


http://au.expasy.org/sprot/userman.html#DE_line
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Another database for some of the caspase -3 substrates were
developed. While the first database contains only human substrates for
caspase -3, this database contains information about caspase -3 substrates
in different species. The species database compares the caspase -3
substrates that found in human with those found in other species. Mouse
was the main species in the comparison, other species like rat, rabbit, pig,

and bovine were also found in some substrates.

2.3 Analysis

The analysis of the caspase -3 substrates was taken over according
to the following points:
1. Determination of the cleavage site(s) for each substrate
2. Determination of the region of interest outside the tetra-peptide
cleavage site
3. Study the chemical properties of the selected regions
4. Study the distribution of each amino acid in the selected

regions
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All the analyses were mostly done using excel. Results of these analyses

were demonstrated in charts and figures.

Analyses to revile essential amino acids or significant sections of

caspase -3 substrates outside the tetra-peptide cleavage site were made by

the following three approaches:

1.

2.

Comparing substrates among various species

Secondary structure analysis: the cleavage site was determined
for each substrate. 50 amino acids to both the N-terminal and
the C-terminal of the cleavage site were analyzed for their
secondary structure using an online program GOR4

Chemical properties and amino acid analysis: the chemical
properties were obtained by converting the amino acids to their

corresponding chemical group according to (Figure 2.1).

Table 2.1: Amino acids chemical groups

Acidic

Basic | Polar | Nonpolar

D

E

AR ~ L pv G v]i[Fw
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Different lengths have been taken to figure out the critical length
of amino acids around the motif for the caspase-3 enzyme cleavage

process. Figure 2 shows different lengths that were taken in the present

analysis:

N-terminal 7M°tif L C-terminal
Stepl(50aa-M-50aa) ------ |21 ) ) [ —
Step2(30aa-M-30aa) ------ PAP3IP2P] sessssmssmssmssmsmmm-cocomoeme-
Step3(20aa-M-20aa) ------ PAP3P2P] sesmssmssmsmmmeccoccmcooemoemee
Stepd(10aa-M-10aa) ------ PAP3PIP] emmssmmmmcccccmmemmm e

Step3 (5aa-M-5aa) p----- --- P4P3P2P1 —- —-
T I

Primary structure of substrates

Regions of analysis (====)

Figure 2.2: Steps in analyzing the regions before and after the motifs.

2.3.1 Selection of controls
Two types of controls were used with which our results can be

compared to:
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Normal distribution of amino acids

There is a natural variation in amino acids frequency based on
their codon usage. To compare the frequency of amino acids in the
regions around the cleavage sites with normal amino acids
frequencies the 144 substrates whole sequences were counted and
the percentage for each amino acid was calculated. The final
amino acids frequencies in the 144 caspase -3 substrates were very

close to normal amino acids frequencies in human proteins.

Uncleaved motifs in the same substrates

In order to test and verify the accuracy of our algorithm in
predicting caspase -3 cleavage sites, MEG was analyzed for any
Aspartic acid ‘D’ excluding the true cleavage sites from this
analysis. These residues are considered to be useful negative

controls since they were shown to be experimentally uncleaved.
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Chapter 3: Results

The first two steps in analyses: species substrates and secondary
structure analysis; of the regions surrounded the cleavage sites in MEG

showed similarity between most of the substrates. Therefore, both
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analyses steps could not be used to establish any significant marker to be

used later in forming the score matrices.

Comparison between the regions surrounded the cleavage sites in
human substrates, which we had in some of the substrates in MEG, with

those in other species shows a high rate of similarity.

Analyzing some of the substrates in MEG using GOR4 shows a coiled
structural feature in most of these substrates. GOR4 is an online' tool that
predicts protein secondary structure. Figure 3 shows an example of

GOR4 output for a random protein string.

! http://abs.cit.nih.gov/gor/
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Figure 3 GOR4 output. GOR4 is a secondary structure prediction tool.
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3.1 Chemical groups % of the regions before and after the motif
« Stepl: (50-Motif-50) includes all the substrates that have at least
50 amino acids before and after the motif. Strings that have less

than 50 amino acids were excluded in each graph.

%A
O0%8
%P
O0%N

50 A.A's Before Motif 50 A.A's After Motif 50-Motif-50

Figure 3.1 (a) Average % of 50 amino acids before and after the motif. A
is for acidic, B for basic, P for polar, and N for nonpolar amino acids.
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200 A | |

10f—| [ N

50 A.A's Before Motif 50 A.A's After Motif 50-Motif-50

Figure 3.1 (b) Average % of Hydrophibicity of 50 amino acids before
and after motif. Hydrophobic are nonpolar amino acids, while
Hydrophilic are acidic, basic, and polar amino acids.

« Step 2: (30-Motif-30)

50
45 — — 1
40| | e,
-7 Y N
7777777777 B %A
O %B
""""" m %P
""""" O %N

30 A.A's Before Motif 30 A.A's After Motif 30-Motif-30
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Figure 3.2 (a) Average % of 30 amino acids before and after motif. A is
for acidic, B for basic, P for polar, and N for nonpolar amino acids.

60

50

401 N o N

O Hydrophobi
201 O R m Hydrophilic

101 |l | . .

30 A.A's Before Motif 30 A.A's After Motif 30-Motif-30

Figure 3.2 (b) Average % of Hydrophibicity of 30 amino acids before
and after motif. Hydrophobic are nonpolar amino acids, while
Hydrophilic are acidic, basic, and polar amino acids.

+ Step 3: (20-Motif-20)

50
B e
40 J] el e
35 ] e e

B %A

7777777777 0%B

""""" B %P

""""" 0 %N

20 A.A's Before Motif 20 A.A's After Motif 20-Motif-20
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Figure 3.3 (a) Average % of 20 amino acids before and after motif. A is
for acidic, B for basic, P for polar, and N for nonpolar amino acids.

60

O Hydrophobig
W Hydrophilic

20 A.A's Before Motif 20 A.A's After Motif 20-Motif-20

Figure 3.3 (b) Average % of Hydrophibicity of 20 amino acids before
and after motif. Hydrophobic are nonpolar amino acids, while
Hydrophilic are acidic, basic, and polar amino acids.

« Step 4: (10-Motif-10)

50

45 — —

7Y Y — N
""""" B %A
""""" 0 %8
""""" m %P
""""" O %N

10 A.A's Before Motif 10 A.A's After Motif 10-Motif-10

Figure 3.4 (a) Average % of 10 amino acids before and after motif. A is
for acidic, B for basic, P for polar, and N for nonpolar amino acids.
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oHydrophob

mHydrophilic

10 A.A's Before Motif0 A.A's After Motif 10-Motif-10

Figure 3.4 (b) Average % of Hydrophibicity of 10 amino acids before
and after motif. Hydrophobic are nonpolar amino acids, while
Hydrophilic are acidic, basic, and polar amino acids.

« Step 5: (5-Motif-5)

50 — —

45 4 e e e

e T e T e —
"""" m %A
"""" O %B
"""" m %P
"""" O%N

5 A.A's Before Motif 5 A.A's After Motif 5-Motif-5

Figure 3.5 (a) Average % of 5 amino acids before and after motif. A is
for acidic, B for basic, P for polar, and N for nonpolar amino acids.
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20 .

104 .

5 A.A's Before Motif 5 A.A's After Motif 5-Motif-5

Figure 3.5 (b) Average % of Hydrophibicity of 5 amino acids before and
after motif. Hydrophobic are nonpolar amino acids, while Hydrophilic
are acidic, basic, and polar amino acids.

3.2 Amino acids content of the regions before and after the motif

This analysis was done only for the 4™ and 5" steps (5, and 10
amino acids before and after the motif). The analysis for each amino
acid percentage separately in the region surrounds the motif may give
more insight knowledge about the amino acids requirements for caspase

-3 recognition.
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As a control for normal amino acids distribution in human
proteins, we used the amino acids distribution in the entire sequence of

the 119 proteins of caspase -3 substrates.

* 10-Motif-10

15

12

mBefore Mo
mNormal

DEHKRNQSTYALPMGV I FWEZC
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Figure 3.6 (a) Average % of each amino acids 10-before the motif vs.
Normal amino acids%. The “Before motif” bars show the % of amino
acids in the region surround the motif, while the “normal” bars show the
% of amino acids distribution in all 119 substrates.

15

m After Mot
mNormal

DEHKRNQSTYALPMGV I FWEC

Figure 3.6 (b) Average % of each amino acids 10-after the motif vs.
Normal Amino acids %. The “After motif” bars show the % of amino
acids in the region surround the motif, while the “normal” bars show the
% of amino acids distribution in all 119 substrates.

* 5-Motif-5

. |mBefore Mo

. |mNormal

DEHK K RNAOQSTYALUZPMGV I FWC
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Figure 3.7 (a) Average % of each amino acid "5-before motif” vs.
Normal%. The “Before motif” bars show the % of amino acids in the
region surround the motif, while the “normal” bars show the % of amino
acids distribution in all 119 substrates.

m After Moti{
m Normal

DEHIKIRNQSTYALUPMGV I FWC

Figure 3.7 (b) Average % of each amino acid “5S-after motif” vs. Normal
%. The “After motif” bars show the % of amino acids in the region
surround the motif, while the “normal” bars show the % of amino acids
distribution in all 119 substrates.

3.3 Analysis of the amino acids content inside the motif

The 119 substrates of caspase-3 have 136 motifs as some proteins
have more than one cleavage site. The cleavage site is composed of four
amino acids P4, P3, P2, and P1. P1 is the amino acid where cleavage
process takes place after (always Aspartic acid “D”). The following is an

analysis for all 136-cleavage sites:
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. Amino acids chemical groups

100
90
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60 ||
50 |
40 1
30
20
10

%

Normal

Figure 3.8 (a) % of amino acids chemical groups for the 136 motifs. A is
for acidic, B for basic, P for polar, and N for nonpolar amino acids.

. Hydrophobic and Hydrophilic
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100
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J _{WHydrophi

P3 P2 P1 Normal

Figure 3.8 (b) Hydrophobic and Hydrophilic % of amino acids in Motifs.
Hydrophobic are nonpolar amino acids, while Hydrophilic are acidic,
basic, and polar amino acids.

3.4 Distribution matrix around the motif

Amino acids percentages in the positions (P14-P’10): Table 3.1
shows the % of each amino acid in each position in the region around the
cleavage site. Fourteen amino acids were analyzed, four amino acid that
form the motif “P4-P3-P2-P1” with 10 amino acids before the motif and

10 amino acids after the motif.



Table 3.1 Amino acids % in the positions (P14-P’10)
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Acidic | Basic Polar Nonpolar
Pi|D |E [HiKiR: AL [P MG |V || |[F|WC
P14 | 67|112|15] 45[15[22| 75 82| 67|22] 60[ 90[ 97[07| 37| 67|45|52{00[22
P13 a9 67|15 813737 89) 96) 8130] 74) 67| 74|22 52 3.0137[00{07]|15
P12 | 111] a1|22{104][30[15] 74|119] 30]15] 52] 89 74[07| 52| 52|/22]37[15[00
P11 BAUN007| T4]22115] 37|154) 59[00] 59] 74[110{15] 96 51|44(22{00]00
P10 | 103] a8|22[110[59[37[103] 81| 37|22 66 59] 88/00] 51| 29/15/07[00[22
P9 741110144 44|51)129] 29] 1) 44[{07] a1)103| 51|22/ 11.0] 66/ 0T7[15{15]15
P8 44]125(22] 51/37/44] 07] 81| 66[15] 59| 88/103]22]103] 37[44[22[15]15
PT 66| 88|29 GG6|a8|15] 0.7) 96) 59[15] 511|125 59(22 96 51|07[37|07|15
P6 66| 59/00 29/37[22] 66[132] 59/15] 81[103] 96{00[132] 29/15|22[15]22
P35 14.0112.5/00] 37)29(51] 51] 68 51|15 37| 74| 59|37 51| 59)151|22|15(07
P4 | 66.9] 51)00[ 0o0joofo7| 07| 96 1515 37] 22 15{00] 07| 44/00]07[00[07
P3 IT|32.4|3 7| 156]29)122] 29] 96) 37[15] 59) da8] 07|29 29[ 81|29/29/00]07
P2 22| 22|15/ 00[22{22] 22| 51[154|22] 29{110[132[37] 44|22.1|51]15{00{07
P1 (100.0{ 0.0)00 0.0{00J00[ 00] 00] 00{00] 00] 00{ 00{00 00{ 0.0]00{00{0.0]00
P1 | 220 07|29 15/37[66| 00/23.5 22|37 66| 51 15[00[27.2] 15/37]29[00[44
P2 4.4 44129] 96[22\15 37|103] 22[22{103] 96[103[1.5/11.0[ 85{37(00{0.7)07
P3| 44] 66/15] 51[74[37| 15 96] 74|15 96| 8] 74[22] 74| 59/44]15[00[44
P4 37| a8|22] R944)137| 29132 T4[37| 81| 96| 5|61 T4 22|3T7[15{00]15
P5 | a1 88|15 66/44[37] 51/118] 37|44] 81| 66[110{22] 44| 44]44]00[00[{07
P'6 B O[126)15] B3 T|22] 37| 96) 37[15{118] 74| a8/ 15103 5.9)29[15{00]07
P7 | 51| 66/07] 8a/88[37| 44| 96/125/15] 66| 66| 51(00[110] 07]/15/37[22[07
P8 G6[11.0]129 da8]51|44] 15] 96] 51[15] 59] 74[110{29] 44| 29]44(29/00]15
P'9 O] 96|22 3T7[59)44] 6.6{14.7) 4.4[{37] 66] 59 96{0.0] a8 510.7[0.7]1.5/0.0
P10 | 132| 96|22 51159)37] 29] 96) 59(00] 59) 74| 66|07 74| 51|22(37|22|07

3.5 Amino acids content at each position in the region (P9-P’5)
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Analysis of the percentage of each amino acid in the region (P14-
P’10) was reduced to become only in the region (P9-P’5). The reason of
this reduction is to focus more on the region close to P1. We call each
string a ‘P14’ peptide as it is composed from 14 amino acids.

The 136 ‘P14’ peptides that founded in the 119 proteins were
separated in two groups, each group have its own score matrix. The two
groups are:

e DxxD group: this group contains all the cleaved strings that their
amino acid in P4 is “D” as also in P1. From 136 cleavage sites 91
‘P14’ peptides had DxxD motif forming about 67% from all
cleaved strings.
« xxxD group: this group contains 45 ‘P14’ peptides which is about
33% from all cleaved strings.
Both groups will give two different percentage tables that will be used in

the final algorithm.

The following are the percentage tables for both groups:

Table 3.2 Amino acids % of DxxD substrates in the positions (P9-P’5)
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Acidic | Basic Polar Nonpolar

oo cleaveas |D |E (H AlL [P [Mle [V I [Flw

21]3.3] 44|55]22

P3 g.4[1 11] 8.8 331.1)66) 95] 25/ 1.1[12.1] 8.8[0.0]22 22
Pa 3312111 55)33|66[1.1] 7.7) 44/1.1|66) 55(11.0022/143] 22|5533] 11
P7 5. 10133 441881 1[1.1]12.1] 66[1.1]44[14.3] 55]22] 7.7] 5.5)0.0122]11
P& 8.9 6.6/00{ 44)33)22/66/143) 7.7/22|55] 38(11.0100) 83| 22)11/33 22
P3 121[15.4)10.0) 44[3.3[33|66) 7.7] 22/11|44][ 7.7) 66[44] 66| 44{33)3322
P4 100.0] 0.0)0.0) 0.0)0.0)0.0)0.00 0.0 0.0/0.000.00 0.0/ 0.0{0.0f 0.0{ 0.0{0.010.010.0
P3 5.5\28.6|22 22)133|122|33] 99 55/22|55]) 7.7 00133 44| 7.7)133]33]00
P2 33 11|22 0.0)122)22|22] 55)165]3.3]3.3]12111.0]5.5] 3.3[19.8/44/2.2/ 0.0

P1 100.0] 0.0)0.0) 0.0)0.0)0.0)0.00 0.0 0.0/0.000.00 0.0/ 0.0{0.0f 0.0{ 0.0{0.010.010.0

P 33 11220 1122 7.7(0.0]24.2) 33]44]44) 77| 0.0)100/22.0] 22)55/3.3/00]5
P2 44| 44(33/11.0[22[11)2.2/11.0] 3.3[0.0/98[11.00 7.7{2.2[12.1] 5.9]3.3]0.0] 11
P'3 44| 85|22 22|7.7\44)00121| 98/22|7.7| 88] 88[22) 66| 33]33/11/00/5
P4 221132|33] 44)33)44[11]11.0] 88]3.3]66)110] 7.7)44| 66| 22)33/1.1/0.0
P'5 99 1M.0[1.1] 7.7155[4.4{2.2/11.0] 44]55/55] 7.7] 7.7]2.2] 44| 553.3]0.0[0.0

Table 3.3 Amino acids % of xxxD substrates in the positions (P9-P’5)

Acidic __Ba_s_ic__ Polar Nonpolar
xoo cleavects D |E [HKE IR AL |P MGV FW

Pg 14] 89(67| 44]44]44] 67| 67| 6.7[00[111111] 44]{44] 8.9] 22[22[00[00

P8 67113.3/44] 44{44/00) 0.0] 59 111|22) 44|{156| 588|22] 22| 67/22/00[22
P7 0.9 44/22|111189(22) 0.0] 44] 44/22) 67| 89| 67|22]13.3] 44/22/67]0.0
P6 22 44/0.0) 0.0144(22) 6711 2.2[0.0113.3(13.3] 6.7(0.0)22.2] 44]{2.2/0.0]0.0]4.
P5 178 6.7/00) 22/22/89) 22|11 111{22 22 67| 44[22| 22] 39)89/0.0/0.0
P4 0.0{15.6{0.0] 0.0]0.0(22| 22)1289] 44|44)111] 67| 4400 2.2{13.3[0.0]2.2/0.0
P3 0.0{40.016.7] 00]22]22] 22) 89) 00/00) 67111 22/122 0.0] 59[22/2.2/00
P2 0.0] 44/00] 0.0j122|22) 22| 44]133(00] 22| 6.9{17.8/0.0] 6.7[26.7/6.7/0.0[0.0
P1 100.0{ 0.0{0.0) 0.0{0.0{0.0/ 0.0) 0.0] 0.0{0.0f 0.0 0.0{ 0.010.0/ 0.0) 0.0{0.0{0.0/0.0
P1 0.0] 0.0/44] 22|67|44] 0.0122.2] 0.0{22]11.1] 0.0{ 44/0.0)37.8] 0.0{0.0/2.2[0.0
P2 44) 44/22| 6722|122 67| 89 0.0(6.7|111] 6.7)156/0.0) 39| 67/44/00/0.0
P3 44) 22/00( 1114|6722 44| 44] 44|0.0{133] 8.9) 44|27) 39/ 111|6.7/22/0.0
P4 6.7 0.010.0] 89]67]22] AT)176) 44|44)111] 67| 0.0/67] 8.9 22[44/22/00
P'5 44) 44/22| 44/22(22\111(13.3] 22{22{133] 44)176/22) 44| 22/67[0.0/0.0

The general percentages of each amino acid in the 136 ‘P14’ peptides,

before separation, are showed in the next table:



Table 3.4 Amino acids % of all substrates in the positions (P9-P’5)
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Acidic | Basic Polar Nonpolar
Pi)|D |E |H:iK:iR: AL [P MG |V |l |[FIWC
P9 74110144 4451|129 29 61] 44|07 81103 51[2.2{11.0] 6.6{0.7|1.5/1.5/15
P8 | 44[125]22] 51]37[44] 07| 81| 66/15] 58] 88[103]22[103] 37[44[22{15[15
P7 66| 8829 66/88[15 07 96 59(15 51[125] 58]22] 96 51[07[37[07]15
PG 6.6 59|00 2937|122 66132 5.9)1.5] a1|10.3] 96[0.0{13.2] 2.9{1.5(22|15/22
P5 | 14.0{125/00] 37/29/51] 51| 88| 51]15] 37| 74| 59|37 51| 598[51][22{15[07
P4 | 66.9] 51]00] o0joofo7] 07| 96 15/15] 37] 22 15/00] 0.7] 44{0.0{07[0.0{07
P3 37|32.4{37| 15/29[22] 29] 96 37{15 59 88| 07/29] 29| a1{29{29{00[{07
P2 22| 22(15| 00[22[22] 22 51|154({22] 29(110[132]37] 44|221[51]15[00[{07
P1 |100.0{ 0.0{0.0] 0.0{0.0{0.0{ 0.0{ 0.0f 0.0{0.0f 0.0) 0.0] 0.0)0.0] 0.0] 0.0]0.010.0]0.0]0.0
P1 | 22[ 07|29 15/37[66] 00{235] 22{37] 66] 51 15/00]{27.2] 15{37[29{00[44
P2 | 44| 44|29 96/22[15] 37[103] 22{22103] 96[103]15[11.0] a8[37[00{07[07
P 4.4) 66|15 5|7 4|37 1.5 96) 74{15] 96 8.8 74|22 74| 59/44(15/0.0[44
P4 | 37| 88|22 59/44[37] 29[132] 74][37] 81| 96| 51|51 74| 22{37[15[00[15
P'5 a1 88|15 6644|327 5111.8] 3.7|44] 81| 66|11.0{2.2] 44| 44{44|0.0(0.0{07

3.6 Uncleaved strings

Although the analysis of amino acids distribution adjacent to the

cleavage sites showed importance of certain amino acids, analysis of the

‘P14’ peptides containing cleavage sites would not enable us to deduce

the measurable weight for a given amino acid at a certain residue.

Therefore, these results should be compared with a set of ‘P14’ peptide

sequences that contain ‘D’ and they were experimentally shown to be

uncleaved.
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The cleaved proteins could serve as a very good control of
uncleaved sites. Excluding all the natural cleavage sites “136” from these
proteins gave us a rich database of uncleaved sites.

The sequences of these proteins have been searched for any
aspartic acid ‘D’ and a same string length of amino acids. All the 136
cleavage sites were excluded from this database. The result was all
uncleaved sites in a database of 5538 strings.

From those 5538 uncleaved strings, only strings that fulfill the
requirements; strings of 14 amino acids (5-M'-5), where selected for
analysis. Strings with length shorter than 14 amino acids were excluded.
Out of 5538, we exclude 144 strings having 5394 ‘P14’ peptides to
analyze.

These 5394 ‘P14’ peptides were divided into two groups: DxxD
and xxxD groups. The DxxD group of uncleaved contains 333 ‘P14’
peptides, while xxxD group contains 5061 ‘P14’ peptides with a
percentage of 6% and 94% for both groups respectively.

3.6.1 Uncleaved data results

' M: (motif)
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The following tables show the percentages of each amino acid at each

position in the ‘P14’ peptides.

« General percentages of uncleaved:” in 5349 strings”

Table 3.5: Amino acids % of all uncleaved strings in the positions (P9-
P’5)

Uncleaved | Acidic | Basic Polar Nonpolar

) [0 ERIKRE R AL P mlsv ] Fw

P9 | 60] 90 28 70| 58 41 48] 80| 45 28[ 611 99 521 22] 5] 63 41 34]03

P§ 6.2 B8] 21) T1) 59 41| 54 TH 47 26 64 96) 52 23 5T 56 44] 3209

P1 60| 81)22) 69) 55 4.0/ 44 81|52 32] 6.1[105) 48] 23] 57| 54 &1 3311

PG 64| 78) 28] 6.1) 56) 34| 44 55 53] 32 66[102] 48] 23] 26 5T 45 1911

P 6 TT23[ 67) 59 41|59 81 ] 23] T.0] 92 53 19] 58] 6.0] 46] 3410

P4 6.2 B[ 19 78) 544243 66 52 26 031001 53 23] &7 AA[ 43 3911

P3 72| TA 27) 55) 45 42142 83 46 27] 67|12 52 22 621 6.1] 45 36/11

[y B N T ) e I )

P2 66[10.2 18] T1) 6.7) 33| 48] 720 47 26/ 58] 99| 46/ 22) 63| 54] 45 3512

_-.L_-..._-.._-.._-....E._-.._-.._-.._-..._-.._x_x_-..n

4
P1 [100.00 0.0/ 0.0{ Q.00 000 0.000.00 000000 0.0 0.00 00[ 000000000000 00j00700000
P G.6| B7) 19] 54) 54) 39 39 80049 32) G005 47] 19 541 62 B8] 4714 1T
Pl T2 91 18] B1) 46 38| 37] T4 44]32] 63 9943 28] S5[ T0[ A4 40117] 13
Pl 76 83 22] 7.3) 6.8 44| 43 T8 47] 26 6.5 66| 49 25 55 55 43] 3510} 15
P4 6.7 O8] 25] 70157 39) 48] TR S0[ 26[ 72) 971411 22) 521 6.0[ 43] 38]14] 1%
P 65 8.1)22) 72 6.0 36| 45 72 46 25/ 6.0{106] 80/ 23] 57 62 5.2) 315/1.3] 14

DxxD group of uncleaved: “333 strings”
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Table 3.6: Amino acids % of uncleaved strings of DxxD type in the

positions (P9-P’5)

Uncleaved | Acidic | Basic Polar Nonpolar
oxD D E HI{Fl-"‘ L P MG VI FWC
PY 7 93 27 6.6 66) 30] 391105) 51) 39 57) 64) 19 15 38| 54] 48] 54|06| 12
i 64| 78|09 66] 72/ 33| 78] 51{ 39 27| 75/126] 42 30| 54| 36| 48] 27/09] 15
PT 09 720 21) 9.0] 57 48] 51| 87 54] 24] 63] 84] 39] 15 48] 24| 57| 51[06] 12
Ph 1050114 21 36) 30] 42| 36) 74 36| 36 57)147) 30] 15 30| 63 69 2712| 18
P3 78] 64) 21/ 66 61) 21 39| 64 4.8 15 54) 99) 13 33 78| 6.0) 16 39/15| 12
P4 [100.0] 0.0{ 0.0 0.0 0.0] 0.0{ 0.0] 0.0] 0.0] 0.0 0.0 0.0 0.0 0.0/ 0.0{ 0.0} 0.0 0.0/0.0[ 0.0
P} | 123 66 30[ 60| 54] 45 30] 63]33) 27| 48[120] 81| 12) 10 66| 57| 54|21] 12
P2 126)12.0) 14 06 51\ 42) 14 51 38) 81 24| 93| 24) 27) 44 72| 54) 51]24] 09
Pt [100.0] 0.0 0.0 0.0 0.0] 0.0{ 0.0] 0.0] 0.0] 0.0 0.0 0.0 0.0 0.0/ 0.0{ 0.0} 0.0 0.0/0.0[ 0.0
P | 105 81| 24) 48] 48] 57 42| 78 45/ 27 57| 63| 21 30[ 64| 63| 72] 45[18] 09
P2 11.1) 99 06] 66} 33 18] 45 6.3) 36) 36 36107 &7) 27) 30| 67| 45) 42]12] 12
P 90 78] 18] 7.2 78] 45 51| 66) 51) 27/ 42) 69) 78 33 48| 5.1) 27 45/15| 12
P4 93| 84] 24) 69] 60] 30 45| 63 66/ 30[42) 81/ 42 27|51 63| 36] 42/33] 18
P3 GA[111] 18] 6.9 54/ 39| 36| 9.0 6.0 24| 54/108] 45 21 48] 51| 60| 36[06 0.3

e xxxD group of uncleaved: “5061 strings”
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Table 3.7 Amino acids % of uncleaved strings of xxxD type in the
positions (P9-P’5)

Uncleaved | Acidic | Basic Polar Nonpolar
wo [0 JE WICREIERETA | P Inio v I F wle
PY | 68| 000 28 TO[ &7 44\ A7) 79 45] 28] 64)100] 53| 23] 26 6.3 41] 33[08] 18
PS | 61| 88 22 T2 58| 41 53] 81 48] 26| 63 94 52 23] 27| A7) 44] 3209 17
P7 | 58| 82023 6] 54| 39 44] 80[ 52 32| 61)106] 48] 23] 27 58] 51| 3211 19
PG| 62| 75 28 63 57) 33 45] 85 55 32| 66 99| 43| 24) 38 57 43] 3911 19
P | 62 78 23] 67870 43 60] 8152 23| 74 91| 55| 18] 27 6.0] 47) 34[09] 15
PA | 00| 88 21 83| &7 45 46] 91| 56 27| 67)106] 56| 25 6.0 58] 45| 42/12] 16
PR | 69| T4 27 B[ 48] 41 43 84 47 26| 89|11 52| 23] 64] 6.1] 48] 3510 17
P2 G204 19 A 68) 32 A1) 7447 28] 62 99 47| 21| 64 53] 45| 34[12] 14
PO 11000 0.0 00] 0.0 0.0/ 00 0.0] 0.0 00 0.0} 0.0] 00] 0.0] 0.0/ 0.0 0.0] 0.0] 0.0[0.0] 0.0
1| 63 88 18] 28] 54 38 39) 80 50| 32 60[10.8] 49 19] 23] 61| 34 47]14] 17
P2 | 70) 900 200 61| 47 38 37| 75 44| 32) 64] 98] 42 28 57| 89 55 4018] 18
PY | 78 83 22 73| 67[ 44] 43| 78] 47| 26 66 83| 47) 28] 55| 56| 44] 34/09] 15
P4 | 65 88 25 70| 56 40 48] 77 43| 26 74] 98| 41] 22 22| 60| 43 37]12] 16
P5 | 64) 790 22 720 60 36| 48] 71 45| 25 60[106| &1 24 7] 83| 31| 35[13] 18
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3.7 Score matrices
Score matrices were generated from the subtraction of uncleaved
strings matrix values from those of cleaved at the positions (P9-P’5). The
result was three score matrices:
« General score matrix:

Table 3.8 General Score Matrix

General SN D [ E [HTKTRNTQIS T A[ L [PM[G]V]I]Fw]C

P9 14|20 |16|-26/-0611]-1.7/01]-0.1]-2.1/2.0] 04 |0.0(0.0/55|04|-34/-2.0{0.6/-0.3
P8 |-1.8]37|01|-20[-2303]-47/02]19|-1.2-0.5]-08|5.1|-0.1/46|-19]0.0-1.0{0.5/-0.3
P |06]07|07|-0333]-25-3.7/18]07|-1.7-1.0] 20 | 1.1]-01/39|-0.5/-44/03|-03|-0.4
P6 | 02]-19|-28/-32/-1911|2.2|48]08|-1.7/1.5] 01 | 48|-23|7.6|-28]-3.0-1.7/10.4 |03
PG 76|48 |23/-30/-5.0{1.0/-0.710.7]00|08-3.3|-1.8]05|1.8|-06]-0.1]0.5-1.2{10.5|-0.7
P4 |60.7]-29 |19|-7.8/-5.4|-3.5-3.6/1.0|-3.8]-1.1|-2.6] -1.7 |-3.8|-2.3|-49|1.1]-4.3)-3.2|1.1|-0.7
P3  |-35(25.0(09|-4.0-16/-19-1.3/13]-0.9]-1.2/-0.8 -2.4 |-4.4|0.7 |-3.3| 2.0 |-1.9)-0.6]-1.1|-0.8
P2 |-44|-8.0|-04|-7.1-44/41.1]-27]-2.1/10.8/-0.4|-3.0] 1.1 | 8.7 |1.5|-1.9]16.6/0.6 |-2.0|1.2|-0.7
Pt 00(00(00/0.0/00/0.0/00/00]00]00(0.0]00]00(00(00]0.0]0.0/00{00/0.0
P4 |-44)-80|11|-39]-1.7)27(-3.9(15.5/-2.7/0.5|06|-5.4 |-3.3|-19]21.8/-4.7|-1.8/-1.8|-1.5|27
P2 |-28]-47|11]34|-24/-24{0.0(29|-221.0/40|-03|6.01.1]55|18 |-1.7|-4.0[-1.0]-1.0
PY  |-32]A.7|-07)-21/06|-0.7]-29({1.8 | 26 |1.23.1| 0.1 | 2.5 |-03]1.9| 0.3 [0.1]-2.0(-1.0]2.9
P4 |-30] 01 |-03]-1.1]1.2)-0.2|-1.9( 57|23 |1.1/08|-01]1.0(3.0]21|-3.8|-0.6]-2.3|-1.4]-0.2
PS [1.6]08 |-0.7)-0.6/-16/0.0(0.7(45|-09]19/21|-38]6.0-01]-1.3|-1.8|-0.8-3.5[-1.3|-1.0

General P(1) diff.= general P(i) cleaved- general P(i) uncleaved

e DxxD score matrix:



Table 3.9 DxxD Score Matrix
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DxxDSM [D [ E [HIK[RNJQ[S[TI¥]A[L[P[M][G]V]IJF]W]C
P9 [1.3] 28 |06]-2.2[-1.1]-0.8-28[-1.7|-1.8]-2.8]0.9 | 1.5 | 1.6]-0.4]8.2 | 3.4 [-4.8]-3.2[1.6 |-01
P8 |51 43 [0.2]1.1[-39[3.3]-6.7[26 | 05|-16]-0.9] -7.1 | 6.8 0.8/ 8.9 [-1.4]0.7 0.6 [0.2 |07
PT_ [-44] 38 [1.2]46[31]-37]-40[3.4[12][13]-1.0] 59 [1.6]07[29[3.4]-57]-28[05]10
P6  |-1.7]-48]-21]0.8[03]-2.0[3.0]6.8 ] 41 [1.4]-0.2] -5.9 | 8.0[-1.5] 5.8 |-4.1]-5:80.6[1.0]-0.7
P5 |43 7.0 [-21]-22[-48[1.2]27]-0.7]-26[-04[-1.0[ -2.2 | 3.3 [1.1[1.2] -1.6[-0.3]-0.6[ 0.4 |-01
P4 [0.0] 00 [0.0]0.0[00]0.0[0.0[0.0]00]00]0.0]0.0 0.0]0.0]00]0.0]0.0[0.0][00]0.0
P3_ [-6.8]22.0]-0.8-38-2.1]-2.3[0.3] 3.6 | 22]-05[0.7 | -4.3|-5.1(21 1.4 | 1.1 [-2.4]-1.8[-21]-1.2
P2 [-9.3]-109]0.7|-6.6[-2.9]-2.0]0.7] 0.4 [12.6]-1.8[ 0.9 | 2.8 | 8.6]28-1.2]12.6[-1.0]-2.8-2.4]-0.9
P |0.0] 0.0 [0.0]0.0[00]0.0[0.0][0.0]00][00]0.0] 0.0 0.0][00][00]0.0]00][00]00]00
P41 [72]7.0]02]-37]-26[20]-4.2[16.4[-1.2[1.7[-1.3] 1.4 [-21]3.0[15.4] -4.1[-1.7]-1.2[-1.8] 486
P2 [67|-65]27]44]11]-2.8]-23[47]-0.3]36[6.3] 0.7 2.0]-05]9.4 [ 1.2]-1.2]-4.2[-0.1]-1.2
P3  [-46/1.0 [04]-50-01]-0.1]-51[55[3.7]-05[35] 19 [1.0]1.1]1.8]-1.8[06]-3.4[1.8[43
P4 [74]4808]-25/-27[1.4]-34[47]22]0.3]24] 28 [35[1.7]15]-41[-03]-3.1]-33[04
P5  |33]|-01]07/08]01]05]-1.4[2.0]-1.6/31]01]3.1]32][01]-04] 04]-27]|-3.6/-06[038

DxxD P(1) diff.= DxxD P(i) cleaved- DxxD P(i) uncleaved
« xxxD score matrix:
Table 3.10 xxxD Score Matrix

xxD3M (D | E |[H[K|R AlLIPM|G|V|I|F|W|C
Po  [-1.4]-01[38]-26[1.3[03[20[1.2[2.2|-28[5.0] 1.1 [-0.8]2.2]3.3[4.1]-1.9]-3.3[-0.8] 0.4
P8 [06]45[22]-27]1.4[-41]-53/08[6.3]-0.4]19] 6.2 [3.7]-0.1]-35[1.0]-21]32[13]17
PT_ [31]-37[00]43]3.4[1.7]-4.4]-3.6[-0.7]-1.0[0.6] 1.7 [1.8]-0.1] 7.6 [ 1.4]-2.8]3.4[-1.1]-1.9
P6  [-3.9]-31[28]-6.3]1.3[11[22] 26 [-3.2[-3.2]6.7[ 3.4 [ 1.7[-2.4]16.4]-1.2[-2.1]-3.9[-1.1[ 26
P5  [11.6]-1.0[2.3[-4.5-3.5[4.6[-3.8[3.0 6.0 [-0.1[-4.9] 25 [-1.0[0.4]-3.4[ 2.9 [4.2]-3.4[-09]-15
P4 [0.0]70 [21]-83]-67[22[-24]19.7[1.1[1.7[4.4[ 3.8 |-1.2]-25]-3.8] 7.5 [-4.5]-2.0[1.2[ 0.7
P3  [6.9]32.6(39]-55]-2.2[-1.9]-2.1] 0.5 [-4.7]-2.6]-0.2 0.0 [-2.9]-0.1]-6.4] 2.8 [-2.5]-1.2]-1.0] 0.6
P2 [6.2]-57[19]-7.1]-45[-1.0]-2.9]-2.9] 8.6 [-2.5]-3.9 1.0 [134]-2.1] 0.2 [21.3[ 2.2]-3.4[-1.2] 0.8
P1_ [0.0]00[00]00]0.0[00]0.0]00]0.0][0.0[0.0][0.0 0.0]0.0]00]0.0]0.0]0.0[0.0]00
P1_ |63]-88[26[3.2[1.2][0.7]-3.9]14.2-5.0[-1.0] 5.1 [10.8]-0.5]-1.9]32.4| -6.1]-5.4|-2.5]-1.4] 0.5
P2 |-26]-46[0.3]06]-2.4[1.6[3.0]1.4]-4.4[3.4]47]-3.1[11.3[-25]3.2[-0.3]-1.0]-4.0]-1.8] 0.4
P3  [34]-61]22[38]-01][22[02]-3.4]-0.3]-26]6.7] 0.0 [-0.2[-02]34[55[22]-1.2[-08[07
P4 |o1]-88|-25[18[1.0[1.7[1.8]10.1]-05[1.9]37]-3.1|-41[45]37]-38]01]-1.5]1.2[-16
Ps  |20[-34]0.0]28|-38]-1.4[66]6.2]-2.3]-03]7.3] 6.1 [127][-041]1.3]-4.1[1.5]|-3.5]1.3]-1.9

xxxD P(1) diff.= xxxD P(i) cleaved- xxxD P(i) uncleaved



Chapter 4: CAT3 Algorithm
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In this chapter, we will describe the following:
¢ Programming CAT3 algorithm

* Description of the code and how it works

* Processing an example
« Efficiency of the CAT3:
- Comparison between CAT3 and other cleavage tools

- Sensitivity and Specificity of CAT3

4.1 Programming CAT3 algorithm

CAT3 was programmed using Perl language. A Perl editor
software ‘“called Perl Builder v.2” was helpful in writing the code. The
editing software makes it easy to run and debug the algorithm. To
simplify the use of CAT3, software “called Perl2exe” was used to make
it as executable program that could be run under windows just by
clicking its icon. The algorithm wuses two sub-algorithms; in

programming languages, they are called sub-modules.
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The program for CAT3 starts with a user-friendly screen. The user can
enter any protein sequence directly in a text field or as a file by browsing
the targeted source. The input -protein sequence — should be in fasta
format either it is a text input or a file.
The final output of CAT3 is a text file that its name is the name of
the protein. The output text file will contains the following:
1. PROTEIN INFORMATION: all the information about the protein,
which includes:
« Protein Name: the SWISS-PROT id of the protein
+ Protein Length: the number of amino acids in the protein
« Number of Aspartic acids in the protein: number of ‘D’s
« Positions of the Aspartic acids: positions of the ‘D’s
2. CLEAVAGE PREDICTION ANALYSIS: all the Aspartic acids
with their surrounding amino acids, ‘P14’ peptides, are shown in
this part in an organized way. Each ‘P14’ peptide has its own
score. The ‘P14’ peptide with the highest score is the probable

cleavage site for the entered protein if its score is (> 30).
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3. SIGNIFICANT CLEAVAGE SITE: this part shows the whole
protein sequence with the mark ‘><’ next to the ‘D’ where
cleavage process mostly will take place.

COMMENTS: this part shows the criteria we use in deciding if the ‘P14’
peptide is probable to be cleaved or not according to its score. Contact
information is also found in this part.

Despite the next section of this chapter explains the criteria that the
algorithm considers in calculating the final score for any motif, a step-by-
step explanation is founded in the code lines. The explanation lines were
marked with‘#’ in the beginning of each line.

The complete code of CAT3 and its sub-codes are in Appendices chapter.

4.2 Description of the algorithm

The algorithm of CAT3 depends on three values or scores that
their average summation will give the final score. The decision wither a
protein is a caspase-3 substrate or not is taken according to the final score
of its ‘P14’ peptides. The highest the final score is the higher the

possibility of cleavage of that ‘P14’ peptide would be.
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The three scores are:

1. Score A: this score is a specific score as it depends on the DxxD
and xxxD score matrices but not on the general matrix of
probability differences. Score A is the average of two scores:
scorel, and score2. Both scores retrieve their values from the
corresponding matrix, DxxD or xxxD, depending on the ‘P4’ amino
acid. Scorel and score2 are the average summation of the amino
acids values in the positions (P5-P’2) and (P9-P’5) respectively.
Because of its significant effect on cleavage process, the region
(P5-P’2) has a double influence on score-A.

Score A= Scorel+Score2

2
There are two cases of this score depending on the amino acid ‘P4’.

Case 1: if ‘P4’ 1s not ‘D’ but any other amino acid:

Scorel xxxD=(  P5+P4+P3+P2+P°1+P°2  /21.5) * 100%

6
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Score2 xxxD= (P9+P8+P7+P6+P5+P4+...... +P°’5/14.9) * 100%

13

Were 21.5 and 14.9 are the highest average scores that could be obtained

from the xxxD matrix according to their amino acids positions.

Case 2: if the ‘P4’ 1s ‘D’: the values are calculated from the DxxD
matrix. Here the P4 score does not have any value, as it is always ‘D’;

however, a value of 5 was added to the average score instead.

Scorel DxxD=( {P5+P3+P2+P’1+P°2} +5 / 13.4) * 100%

5

Score2 DxxD= ({P9+P8+P7+P6+P5+P3+...+P°5} +5/9.3)* 100%

12

The previous values: (13.4) and (9.3) are the highest average scores that

could be obtained from the DxxD matrix.

2. Score B: this is the general score of the string (P9-P’5). The score

1s calculated from the general matrix of probability differences.



57

Score B= ({P9+P8+P7+P6+P5+P3+...+P*5} /13.4)* 100%

13
Were (13.4) is the highest average score that could be obtained
from the highest amino acid value that found in the general matrix

of probability difference.

. Score C “Markov Score”: not like the other scores, this score
depends on the multiplication, not addition, of the probability of

each amino acid in the positions (P6-P’1).

Score C= Ps/Pa

Ps “Probability of the string”= P(6)*P(5)*...... *P(‘1)
The probability of each amino acid in the region (P6-P’1) was
taken from its percentage value divided over 100. The percentage

values of amino acids either calculated from DxxD or xxxD are in

the tables (3.2) and (3.3) in chapter Results.



Pa “Probability of amino acid” = P(6)*P(5)*

*P(‘ 1)
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The probability of each amino acid in any position is calculated

from the probability of each amino acid in normal analysis.

D

E

H

K

R

0.06

0.0

0.03

006

006

: A
0.04]0.05] 0.08[ 0 05[0 03[0 07

L

P

M

G

V

0.10

0.06

0.02

0.06

0.06

0.04

0.03

0.02

Final score: the average of the three scores (A, B, C).

Final Score= (

Score A + Score B + Score C

3

/91) * 100%

Where 91 is the highest score obtained after running the program on

MEG.

The final score could be negative or positive but in the final

calculation the string of the protein is considered to be cleaved by

caspase -3 if it has a final score >30. The higher the final score of a string

means a higher probability for the cleavage to be happen. CAT3 shows

separately in its output the highest score for the motif in the protein.

4.3 CAT3: processing an example




* Input (fasta format)

*ap 002718 |BCLZ BOVIN REpoptosis requlator Bel-2 - Bos taurus
MR T Y DR IV Y THY KL S R Y e DA DA AR DEGRA DA EETILESQPERTEAL
RAGDDESRRYRRDFRAEMESSQLHLTEFTARERY
ATVVEELFRDGEVHWERIVAFFEFGEVMCVESVHREMSPLVDSIALWMTEYLNEHLHTHIY
DNGEHDAFVELYEESMRPLFDFSW LS LEAL LS LATVEACTTLEAY LEHE

t

+ Scanning the primary sequence for “P14” peptides

DFEFSRRYREREDEFLREMS ] 101

TWWEELEFRDNEWVEWE > 130
MEEMSDPLWVDSESTETW = ] u

BEHIL.HTWIQDMNEZEWD
WIoDMNE=D B E L

EESMEELFODXESWI.S

[
5mom
o e

* Scoring each “P14” peptide

Score A Score B Score C

Specific score General Score Markov score

Table 4.1 Scoring table for a “P14” peptide

59

Bovine) .
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Pos. a.a Specific score General score Ps
P9 A 5 2.0 0.081
P8 H 2.2 0.1 0.022
P7 A 0.6 -1.0 0.051
P6 G 16.4 7.6 0.132
P5 G -3.4 -0.6 0.051
P4 T -1.1 -3.8 0.015
P3 G -6.4 -3.3 0.029
P2 Y -2.5 -0.4 0.022

_ Pt [ D] o | o0 | 1|

P'1 N 0.7 2.7 0.066
P'2 R -2.4 -2.4 0.22
P'3 E -6.1 -1.7 0.066
P'4 I 0.1 -0.6 0.037
P'5 V' -4.1 -1.8 0.044

The shaded cells in the table are the values each score (A, B, and
C) is calculated from. The equation for each score is described before in
this chapter. The “Pa” value for score “C” is the normal amino acids

distribution in MEG; the following chart shows the Pa values:

:

D E [Hi{K[R ALIPMGIVIFWC
0.06]0.04]0 ] 0.08]0.02]0 03007} 1] 0 08 0.02[3 060 06 0. T 03[ 0 .02

0.0610.0810.0200.06

Applying the values in the table in the corresponding equations we have:
Score A=-6.1, Score B=-1.8, Score C=0.32

Final score= (A+B+C) /91 * 100% =~ -2 = no cleavage < 30.

4.4 Sensitivity and Specificity of CAT3
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The accuracy of a classification algorithm can be defined by

two criteria: sensitivity and specificity.

Sensitivity = TP while Specificity= TN

where

TP: is the number of true positives.
FP: is the number of false positives.
TN: is the number of true negatives.

FN: is the number of false positives [Liping Wei 1998].

For our CAT3 tool, sensitivity measures the ability of CAT3 to
detect real caspase -3 cleavage sites, while specificity measures the

ability of CAT3 to reject regions that are not caspase -3 cleavage sites.
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In analyzing the test group —the first 22 substrates were analyzed here as
the last 3 substrates were added latterly- we end with 886 ‘D’ of each one
resemble a different motif or probable cleavage site. According to CAT3
results and considering positive cleavage sites are motifs with a final
score >30, the 886 motifs are classified as follows:
* Motifs with a final score >30 (44): 21 true cleavage sites (TP), and
23 false cleavage sites (FP).
* Motifs with a final score < 30 (842): 839 are non cleavage sites
(TN); and true cleavage sites are only 3 (FN).
Sensitivity= 21/ (21+26) * 100 = 48%.
Specificity= 839/ (839+3) *100= 100%.
The result of both sensitivity and specificity are directly affected by our
criteria in considering positive cleavage sites with a final score >30.
However, CAT3 algorithm was based one minimizing the number of
results of probable cleavage sites. In general, the first cleavage site with a
final score >30 is considered the main cleavage site of the protein.
Therefore, the final sensitivity and specificity are calculated upon a new

analysis having two conditions in considering a positive cleavage site:
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1. The final score of the motif >30, and
2. The motif with the highest score is the only cleavage site in
general, as some substrates have more than one cleavage site.
The second condition will consider all the motifs with a final score below
the highest final score as non-cleavage sites. Analysis of the 886 motifs
from the test group with the new condition classified them into:
* Motifs with a final score >30 and have the highest final score
(24): 20 true cleavage sites (TP), and 4 false cleavage sites
(FP).
* Others (862): 858 are non cleavage sites (TN); and 4 true
cleavage sites (FN).
Sensitivity= 20/ (20+4) * 100 = 83%.

Specificity= 858/ (858+3) *100= 100%.

4.5 CAT3 predicts unknown cleavage sites

Referring to literature, many substrates are already known to be

cleaved by caspases in general but their cleavage site is still unknown
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[Fischer et al. 2003]. A group of 44 substrates with their cleavage sites is
still unknown were analyzed using CAT3.

Although some literatures did not specify which caspase was responsible
for the cleavage, we consider all substrates were cleaved by caspases -3.
CAT3 recognized (35/44) substrates with their final score >30 which is
about 80%. The highest final score was 82 for the substrate Desmocollin-
3 at the motif (DEND|238), while the lowest final score was for the
substrate o-Tubulin at the motif (IQPD|33). Table 6.5 (in chapter

Appendices) shows all the 44 substrates with their final scores.



Chapter 5: Discussion and Conclusions

5.1 Discussion
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Analyses of the regions that surrounded the cleavage sites
according to their secondary structure and chemical properties showed
unstructured and non-specific physiochemical properties in these regions.
This may help in explaining the process of caspase -3 in binding and
cleaving its target proteins.

We concluded that the region around the cleavage site must be more or
less a loop structure that form as a joint between the two cleaved units.
This coiled polypeptide region in most of the cleaved sites, and its
peripheral location, as we assume, would assist caspase -3 cleavage

processes [Garay-Malpartida et al. 2005].

The search of the region of interest looking for common features
patterns -by analyzing these regions into their physiochemical properties
and amino acids frequencies- shows that caspase -3 cleavage process
depends mainly on short strings before and after the cleavage sites that
do not exceeds more than 10 amino acids in length. Compared to
normal, both regions 10 and 5 amino acids before and after the motif

show significant amino acids differences. Therefore, we consider that this
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region (up to 10 amino acids from the motif) plays an important role in

caspase -3 recognizing the cleavage site.

Analysis of amino acids distribution in the regions 10 and 5
amino acids before and after the cleavage sites shows a high percentage
of serine (S). This could be a kind of control of cleavage as

phosphorylated serine residues affect proteolysis [Tozser et al. 2003].

To increase the efficiency and the specificity to the final
algorithm we divided the 136 cleavage sites in MEG in two groups
according to P4. All the 14 amino acids peptides that their P4 is ‘D’
(91/136) formed the DxxD group, while the rest (45/136) formed the
xxxD group. This separation between these two groups strengthen the
algorithm and decreases the error in prediction as some amino acids

percentages were coupled with one group rather in the other.

To compare the efficiency of CAT3 with other cleavage tools that

are mentioned in chapter 2, we run the three tools on the same group of
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verified caspase -3 substrates “TEG” the contains 27 cleavage sites.

Figure 4 shows the result of this comparison.

100
80
60 48 OGraBCas
=2 ' mCaSPredi
40 BCAT3
20
0

GraBCas CaSPredictor CAT3

Figure 4 Comparison between CAT3 and other cleavage tools. “TEG”
tested results from the three tools: GraBCas, CaSPredictor, and CAT3.
GraBCas predicts (13/27), CaSPredictor predicts (16/27), and CAT3
predicts (23/27).

The undetected 15% (4/27) by CAT3 forms a false negative cleavage

sites. These motifs together with new experimentally proven substrates
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may form an advanced study for us to improve our algorithm code and its

efficiency.

5.2 Conclusions

CAT3 is a powerful bioinformatics tool that predicts the cleavage
site of the enzyme caspase-3 substrates. The significant efficiency of the
code makes CAT3 one of the best tools in this field.

The usages of CAT3:

1. Prediction of cleavage sites: although there are some substrates
that are experimentally proven to be cleaved by caspase -3, their
exact cleavage site is unknown. These substrates are considered as
excellent inputs for CAT3.

2. Prediction of new substrates: CAT3 could be used to scan all
human proteins. Proteins with high scores "most of it" will form a
group of new caspase -3 substrates "hypothetically".

3. Prediction of other caspases substrates: CAT3 could be used as a
model for other caspases and proteases. Modifying the score
matrices to the corresponding caspase by repeating the same

analyses we did on caspase -3 substrates may help in predicting
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other caspases substrates and their cleavage sites. We consider this

work as a future work for this thesis.
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# | Name S.W Motif 1 Motif 2 Reference

1 | Bel-2 P10415 | dagd | 34 [Bellows et al. 2000]

2 | Calpastatin P20810 | daid | 233 [Kato et al. 2000)]

3 | PDE4A P27815 |damd | 72 [Huston et al. 2000]

4 | Alpha-adducin P35611 | ddsd | 633 [Water et al. 2000]

5 [ HPK1 (MEKKK 1) | Q92918 | ddvd | 385 [Chen et al. 1999]

6 | Androgen receptor P10275 dedd 155 [Ellerby et al. 1999]

7 | PARG Q86W56 | deid | 256 [Affar et al. 2001)]

8 | PMCA4 P23634 | deid | 1080 [Paszty et al. 2002]

9 | Mst2 Q13188 | deld | 322 [Graves et al. 1998]

10 | D4-GDI Q9TUO03 | deld 18 [Na etal. 1996]

11 | MST1 Q13043 | demd | 326 [Graves et al. 1998]

12 | SPAK Q9UEWS | demd | 392 [Johnston et al. 2000]
13 | DCAMKLA1 015075 | dend | 369 [Kruidering et al. 2001]
14 | SREBP-2 Q12772 | depd | 468 [Wang et al. 1996]

15 | PP2A subunit A P30153 | deqd | 317 [Santoro et al. 1998]
16 | RAP1 Q15276 | desd | 438 [Cosulich et al.1997]
17 | MASK (MST4) Q9P289 | desd | 305 [Dan et al. 2002]

# | Name S.wW Motif 1 Motif 2 Reference

18 | DNA Frag. Factor | 000273 | detd | 117 [davd [ 224 | [Inohara et al. 1998]
19 | Alpha-Il spectrin Q13813 | detd | 1185 [ dsld [ 1478 | [Wang et al. 1998]
20 | ROCK1 Q13464 | detd | 1113 [Sebbagh et al. 2001]
21 | elF4B P23588 | detd 45 [Bushell et al. 2000]
22 | elF4G2 (DAP5) P78344 detd 792 [ Henis-Korenblit et al. 2000]
23 | TIAM 1 Q13009 | detd | 993 [Qi et al. 2001]
24 | PARP-1 P09874 | devd | 214 [Lazebnik et al. 1994]
25 | PRKD P78527 | devd | 2713 [Song,et al. 1996]
26 | RFC140 P35251 | devd | 723 [Rheaume et al. 1997]
27 | PKC-theta Q04759 | devd | 354 [Datta et al. 1997]
28 | Beta-ll spectrin Q01082 | devd | 1457 [Wang et al. 1998]
29 | IP3R Q14643 | devd | 1900 [Bhanumathy et al. 2006]
30 | TNTc P45379 | dfdd 98 [Communal et al. 2002]
31 | Calcineurin Q08209 | dgfd | 385 [Mukerjee et al. 2000]
32 | PDEGA P16499 | dfvd | 166 [Frame et al. 2001]

33 | U1 snRNP 70 kDa P08621 dgpd | 341 [Casciola-Rosen et al. 1996]
34 | LYN P07948 | dgvd 17 [Luciano et al. 2001]
35 | P21 waf1/ cip1 P38936 | dhvd | 112 [Gervais et al. 1998]
36 | Livin Q96CA5 | dhvd | 52 [Nachmias etal.2003]
37 | GRP2 (GrplL) 075791 | dind | 241 [Yankee et al. 2001]

38 | PIP5K1A Q99754 | dipd | 279 [Mejillano et al. 2001]
39 | PRK2 (PKL2) Q16513 | ditd 117 | devd | 700 | [Cryns et al. 1997]

# | Name S.W Motif 1 Motif 2 Reference
40 | LAP2A P42166 | dkdd | 108 | [Buendia et al. 1999]
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41 | MLH1 P40692 | dktd | 418 [Chen et al. 2004]

42 | elF3(p35) 075822 | dlad | 242 [Morley et al.2005]

43 | PDE10A2 Q9ULW9 | difd | 315 [Frame et al. 2001]

44 | elF4G1 Q04637 | drld | 1176 [Bushel et al. 2000]

45 | BRCA-1 P38398 diid | 1155 [Zhan et al. 2002]

46 | HEF1 Q14511 | divd | 363 | ddyd | 630 [ [Law etal.2000]

47 | Vavi P15498 | dlyd | 161 [Hofmann et al.2000]
48 | PKC-delta | Q05655 | dmqd | 330 [Persaud et al. 2005]

49 | IL-18 Q14116 | dmtd | 71 [Akita et al. 1997]

50 | APC P25054 | dnid | 777 [Webb et al. 999]

51 | Helicard Q8R5F7 | dntd | 208 [Kovacsovics et al. 2002]
52 | DNA polymerase ¢ Q07864 | dmed | 1214 [Liu and Linn 2000]

53 | Caspase 9 P55211 dgld | 330 [Zou et al. 2003]

54 | pp125FAK Q05397 | dqtd | 772 [Gervais et al. 1998]

55 | Gelsolin P06396 | dgtd | 403 [Kothakota et al.1997]
56 | IkB-a P25963 | drhd 31 [Schaecher et al. 004]
57 | AP2A P05549 | drhd 19 [Nyormoi et al. 2001]
58 | CDC42 P60953 | dird | 121 [Tu and Cerione 2001]
59 | CD-IC 014576 | dsgd | 116 [Lane et al. 2001]

60 | DRPLA P54259 | dsld | 109 [Ellerby et al.1999]

61 | NuMA Q14980 dsld | 1727 [Taimen and Kallajoki 2003]
# | Name S.W Motif 1 Motif 2 Reference

62 | RAD21 060216 | dspd | 279 [Chen et al. 2002]

63 | Calsenilin Q9Y2W?7 | dssd | 64 [Choi et al. 2001]

64 | Huntingtin P42858 | dsvd | 513 [Wellington et al. 1998]
65 | Vimentin P08670 | dsvd | 84 [Byun et al. 2001]

66 | DHX9 Q08211 | dtpd 96 [Takeda et al. 1999]

67 | E-cadherin P12830 | dird | 750 [Keller and Nigam 2003]
68 | RasGAP P20936 dtvd 455 | degd [ 157 [Yang and Widmann 2001]
69 | TCR-zeta chain P20963 | dtyd | 154 [Gastman et 1.1999]

70 | Rad51-A Q06609 | dvid | 187 [Flygare et al.2000]

71 | P130 cas P56945 | dvpd | 318 | dspd | 650 [ [Kook etal.2000]

72 | MDM2 Q00987 | dvpd | 361 [Pochampally et al. 1998]
73 | MDM4 (MDMX) 015151 | dvpd | 361 Gentiletti et al.2002]

74 | Histone deacetylase4 | P56524 | dvtd | 289 [Liu et al. 2004]

75 | iPLA2 060733 | dvtd | 183 [Atsumi et al. 000]

76 | Desmoglein-3 P32926 | dyad | 781 [Weiske et al. 2001]

77 | ATM Q13315 | dypd | 863 [Smith et al.1999]

78 | PLCG1 P19174 | aepd | 770 [Bae et al. 2000]

79 | Mst3 Q9Y6EQD | aetd | 325 [Huang et al. 2002]

80 [ elF-2-alpha P05198 | aevd | 300 [Lee et al. 1997]

81 [ POM121 Q9Y2N3 | aled | 530 [Satoh et al. 1999]

82 | PKN Q16512 | dfld | 454 [Takahashi et al. 998]

83 | GCLC P48506 | avvd | 499 [Franklin et al. 2002]

# | Name S.wW Motif 1 Motif 2 Reference
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84 | PKC-mu Q15139 | cqnd | 378 [Haussermann et al. 1999]
85 | AKT (PKB) P31749 | ecvd | 462 [Xu et al. 2002]

86 | Topoisomerase | P11387 | ddad | 146 | eeed | 170 | [Samejima et al. 1999]
87 | FYN P06241 | eerd 18 [Ricci et al. 1999]

88 | PKC zeta Q05513 | eetd | 210 | dgmd [ 239 [ [Smith et al. 2000]

89 [ Hip-55 Q9UJUG | ehid | 361 [Chen et al. 2001]

90 | Beta-actin P60709 | elpd | 244 [Song et al. 1997]

91 | c-IAP1 (BIRC2) Q13490 | enad | 372 [Clem et al. 2001]

92 | BAX-alpha Q07812 | fiqd 33 [Itoh et al. 2000]

93 | TAU P10636 | gssd | 420 [Rissman et al. 2004]
94 | TRAF 1 Q13077 | levd | 163 [Leo et al. 2001]

95 | Parkin 060260 | Ihtd | 126 [Kahns et al. 2002]

96 [ DCC P43146 | Isvd | 1290 [Mehlen et al. 1998]
97 | BAD Q92934 | pagd | 29 [Condorell et al. 2001]
98 | CaMK (IV) Q16566 | papd | 176 [McGinnis et al. 1998]
99 | PTEN" P60484 | qeid | 301 |dvsd | 371 | [Torres etal.2003]
100 | SAF-A Q00839 | sald | 100 [Kipp et al. 2000]
101 | BImEL 043521 | secd 13 [Chen and Zhou 2004]
102 | SRP72 076094 | seld | 613 [Utz et al. 1998]
103 | SREBP-1 P36956 | sepd | 410 [Wang et al. 1996]

# | Name S.wW Motif 1 Motif 2 Reference
104 | XIAP (IAP3) P98170 | sesd | 242 [Deveraux et al. 1999]

[Tikhomirov and Carpenter

105 | ERBB2 P04626 | setd | 1125 2001]
106 | PAK2 Q13177 | shvd | 212 [Walter et al. 1998]
107 | GRASP65" Q9BQQ3 | slid | 316 | sfld 371 | [Lane et al. 2002]
108 | Gas2 043903 | srvd | 278 [Sgorbissa et al.1999]
109 | PKCepsilon Q02156 | sspd | 383 [ ddvd [ 451 | [Basuetal.2002]
110 [ IL-16 Q14005 | sstd | 510 [Zhang et al. 1998]
111 [ Apaf-1 014727 | svtd | 271 [Bratton et al. 2001]
112 | Beta-Catenin P35222 | dimd | 764 | ypvd | 751 [ [Steinhusen et al. 2000]
113 [ BLM P54132 | tevd | 415 [Bischof et al.2001]
114 [ Lamin A/C P02545 | veid | 230 [Rao et al. 1996]
115 | Keratin 18 P05783 | vevd | 238 |dald [ 396 [ [Caulinetal. 1997]
116 | APP P05067 | vevd | 739 [Gervais et al. 1999]
117 | 4E-BP1 Q13541 vigd 25 [Tee and Proud 2002]
118 | p21-Rac1 P63000 | vvgd 11 [ vmvd | 47 [Zhang et al. 2003]
119 | PITSLRE Q9UQ88 | yvpd | 394 [Beyaert et al. 1997]

PTEN has another two motifs: nepd (375), and (384).

GRASP®65 has another motif: tlpd (389).
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Test Substrates Group “TSG”

# Name S.W Motif 1 Motif 2 Reference
1 | CDC6 Q99741 | sevd | 442 [Yim et al. 2003]

2 | CEACAM1 P13688 | dgrd | 465 [Houde et al. 2003]
3 | Cten Q8I1ZW8 | dstd | 570 [Lo et al. 2005]

4 | BUB1B HUMAN | 060566 | dtcd | 610 [Kim et al. 2005]

5 | MET HUMAN P08581 | esvd | 1002 [Tulasne et al. 2004]
6 | BAT3 HUMAN P46379 | deqd | 1001 [Wu et al. 2004]

7 | HDAC4 HUMAN | P56524 | dvid | 289 [Liu et al. 2004]

8 | MCL1 Q07820 |eeld | 127 | tstd | 157 | [Weng etal.2005]

9 | DLG1 Q12959 | gpvd | 427 [Gregorc et al. 2005]
10 | p27Kip1 P46527 | dspd [ 139 [Eymin et al. 1999]
11 | Nedd4 P46934 | dgpd | 279 [Harvey et al. 1998]
12 | cPLA2 P47712 | deld | 523 [Luschen et al. 1998]
13 | Gamma-ECS P48506 | avvd | 499 [Franklin et al. 2002]
14 | CD2L2 QoUQ88 | ypvd | 394 [Beyaert et al. 1997]
15 | GGTase | P49354 | vsld | 59 [Kim et al. 2001)]

16 | Nup153 P49790 | ditd [ 349 [Buendia et al. 1999]
17 | Presenilin 2 P49810 | dsyd [ 329 [Vito et al. 1997]

18 | APLP1 P51693 | vevd | 620 [Galvan et al. 2002]
19 | ETK (BMX) P51813 | dfpd | 242 [Wu et al. 2001]

# Name S.W Motif 1 Motif 2 Reference
20 | SSRP1 Q08945 | dghd | 450 [Landais et al. 2006]
21 | RB P06400 | dsid | 349 [Katsuda et al. 2002]
22 | Giantin Q14789 | dvtd | 1946 | dasd | 1137 | [Lowe et al. 2004]
23 | integrin beta4 P16144 | deld | 1109 [Werner et al. 2007]
24 | TAO1 Q7L7X3 | dvsd | 376 [Zihni et al. 2006]
25 | TAO2 Q9UL54 | dpgd | 919 [Zihni et al. 2007]

Species database




88

Human Mouse
# | Substrate Motif | ID ID Other Species
1 PKN DFLD | Q16512 P70268
2 | Bcl-2 DAGD | P10415 P10417 Rat P49950 Bovine | 002718
3 BAX-alpha FIQD Q07812 Q07813 Rat Q63690 Bovine | 002703
4 | c-IAP1 ENAD | Q13490 Q62210
5 Beta-Catenin (all) P35222 Q02248 Rat Q9WUS2
6 | CD-IC DSGD | 014576 088485
7 Beta-actin ELPD | P60709 P60710 Rat P60711
8 | TCR-zetachain | DTYD [ P20963 P24161 Rabbit | Q9TUFS8 Pig Q9XSJ9
9 | GrpL DIND | 075791 089100
10 | PARG MDVD | Q86W56 [ 088622 Rat Q9QYM2
11 | 4E-BPI VLGD | Q13541 Q60876 Rat Q62622
Human Mouse
# Substrate Motif | ID ID Other Species
12 | ERBB2 SETD | P04626 Rat P06494
13 | elF4G2 DETD | P78344 Q62448 Rabbit | P79398
14 | elF4Gl1 DLLD | Q04637 Rabbit | P41110
15 | SRP72 SELD | 076094 Dog P33731
16 | DCC LSVD | P43146 P70211
17 | IL16 SSTD | Q14005 054824
18 | IL18 DMTD | Q14116 P70380
19 | TnT2 DFDD | P45379 P50752 Rabbit | P09741 Rat P50753
20 | MDM4 DVPD | O15151 035618
21 | LAP2A DKDD | P42166 Q61033
22 | Vimentin DSVD | P08670 P20152 Rat P31000 Pig P02543
23 | Gelsolin DQTD | P06396 P13020
24 | p27Kipl ESQD | P46527 P46414
25 | Keratin 18 VEVD | P05783 P05784
26 | Lamin A VEID P02545 P48678 Rat P48679
Alpha-II
27 | spectrin DSLD | Q13813 P16546 Rat P16086
28 | TRAF1 LEVD | Q13077 P39428
29 | FYN EERD | P06241 P39688
30 | LYN DGVD | P07948 P25911
31 | AKT ECVD | P31749 P31750 Rat P47196
32 | DCAMKLI1 DEND | 015075 Q9JLMS8 | Rat 008875
33 | HPK1 DDVD | Q92918 P70218
34 | GGTasel VSLD | P49354 Q61239 Rat Q04631
35 | ROCK 1 DETD | Q13464 P70335
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Human Mouse
# | Substrate Motif | ID ID Other Species
36 | SPAK DEMD | Q9UEWS | Q9Z1W9 | Rat 088506
37 | Calcineurin DGFD | Q08209 P63328 Rat P63329
38 | Mst2 DELD | Q13188 QIJ110
39 | PP2A subunit A | DEQD | P30153 Q76MZ3
40 | APLP1 VEVD | P51693 Q03157
41 | TIAM 1 DETD | Q13009 Q60610
42 | PDE6A DFVD | P16499 P27664
43 | PDE10A2 DLFD | Q9ULW9 Rat Q9QYJ6
44 | RasGAP DTVD | P20936 Rat P50904
45 | CDC42 DLRD | P60953 P60766
46 | Calsenilin DSSD | Q9Y2W7 | Q9QXT8 | Rat Q9JM47
47 | PLCGI AEPD | P19174 Rat P10686
48 | iPLA2 DVTD | 060733 P97819 Rat P97570
49 | Vavl DLYD | P15498 P27870 Rat P54100
50 | APP VEVD | P05067 P12023 Rat P08592
51 | Presenilin 2 DSYD | P49810 Q61144
52 | RAP DESD | Q15276 035551 Rat 035550

Amino acids table

# | Amino Acid | 3-letter code | 1-letter code | Properties

1 | Aspartate Asp D Acidic, hydrophilic charged (-)
2 | Glutamate Glu E Acidic, hydrophilic charged (-)
3 | Histidine His H Basic, hydrophilic charged (+)
4 | Lysine Lys K Basic, hydrophilic charged (+)
5 | Arginine Arg R Basic, hydrophilic charged (+)




6 | Asparagine Asn N Polar, hydrophilic, neutral
7 | Glutamine Gln Q Polar, hydrophilic, neutral
8 [ Serine Ser S Polar, hydrophilic, neutral
9 | Threonine Thr T Polar, hydrophilic, neutral
1

0 | Tyrosine Tyr Y Polar, hydrophilic, neutral
1

1 | Alanine Ala A Hydrophobic, neutral

1

2 | Leucine Leu L Hydrophobic, neutral

1

3 | Proline Pro P Hydrophobic, neutral

1

4 | Methionine Met M Hydrophobic, neutral

1

5 | Glycine Gly G Hydrophobic, neutral

1

6 | Valine Val \Y Hydrophobic, neutral

1

7 | Isoleucine Ile 1 Hydrophobic, neutral

1

8 | Phenylalanine | Phe F Hydrophobic, neutral

1

9 | Tryptophan Trp W Hydrophobic, neutral

2

0 | Cysteine Cys C Hydrophobic, neutral

Substrates cleavage sites prediction using CAT3

Substrate Protein ID Motif Position Final Score
Desmocollin 3 Q14574 DEND 238 82
XRCC4 Q13426 DVTD 265 78
Filamin P21333 DVVD 1500 78

90



SRPK-2 P78362 DEED 407 64
Desmoplakin P15924 DVLD 1641 60
NF-kBP50 P19838 AHVD 713 59
SRF P11831 SESD 254 58
Cbl-b Q13191 DVFD 770 55
alpha-Actinin P12814 DFRD 61 54
Wee-1 P30291 DEDD 451 53
Topo-Il alpha P11388 DDSD 1475 52
NS1 060506 DERD 382 52
alpha-Actin P68032 DSGD 159 50
Ran-GAP1 P46060 DAVD 495 48
MCM3 P25205 DLVD 227 48
P70-56k P23443 DSPD 396 44
PDE5SA1 076074 DCSD 378 44
TXBP151 Q86VP1 DSED 693 43
tTG P21980 DVVD 403 43
CALM 060641 DIPD 266 43
Relish Q94527 DLLD 938 41
Substrate Protein ID Motif Position Final Score
FKBP46 Q26486 VVVD 45 41
Cortactin Q12860 DGGD 984 39
HSF Q00613 DHLD 389 38
N-cadherin P19022 DIGD 834 38
RAP-alpha P10276 DRVD 349 38
gama-Catenin Q86W21 DDLD 698 37
c-Rel Q04864 DCRD 86 35
Emerin P50402 DMYD 75 35
HS1 P14317 DRVD 206 35
Cbl P22681 DGYD 775 34
hTAF 11 (80) P49848 DNQD 446 32
SRPK-1 Q96SB4 DPND 232 31
P150 Q14203 DTAD 302 31
PABP4 Q13310 DTID 306 31
NAC-alpha Q13765 TESD 30 27
MEK Q02750 VEGD 281 25
PAI-2 P05120 GSVD 191 24
LBR Q14739 PLID 288 20
PDC-E2 P10515 RVVD 591 20
CaMK-Il alpha QouQM7 SEAD 111 17
Plakophilin-1 Q13835 SEPD 158 17
Src P12931 ASAD 44 17
alpha-Tubulin Q71U36 IQPD 33 16

The codes




CAT3 code

#! /usr/bin/perl

use submodules;
use ScoreMatrices;

#ouput file = CAT3.txt

Soutput="CAT3";

unless (open (CAT3, ">Soutput.txt")) {print

"cannot open file\"S$Soutput\"to write to !!\n\n";exit;}

# input the protein file as text file, remove white spaces
print "Please enter the name of the proteins file:\n";
$filename=<STDIN>;

chomp S$filename;
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unless (open (SWISSID,S$filename)) {print "can not open the file

$filename\n";exit;}
@protein=<SWISSID>;
close SWISSID;

fremove the all rows that may contain notes about the protein and

store it in S$notes

#the name of the protein will be taken out from these notes
printed using the

#submodule FILENAME

my S$notes='"';

foreach $line (Q@protein) {if ($line=~/">/)

{ Snotes .=$line;next;}else{ S$protein .=S$line;}}
SproteinNAME=FILENAME ($notes) ;

#print"SproteinNAME\n";

print"\n\nRESULTS ARE FOUND IN THE FILE : CAT3.TXT\n\n";
print"RESULTS ARE FOUND IN THE FILE : CAT3.TXT\n\n";
#Now we have the protein as Amino acids without any notes.
# All white spaces in any line will be removed

chomp S$protein;

S$protein=~ s/\s//g;

S$Pl=length S$protein;

#Counting the number of Aspartate 'D' in the protein and the site
each 'D'

Scounter=0;

@dPos=1[];

@protein=split('', $Sprotein);

for ($i=0;$i<scalar Q@protein;$i++)

and

of
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{
if (@protein([$i] eq 'D' )
{$dPos[S$counter]=S$i+1;
Scounter++;

}

$dSum= scalar @dPos;

}
#print "\n\nThis protein contains $dSum aspartic acids 1in the
following positions:\n @dPos\n";

#Cutting the protein to strings according to the position of each
'D'. Max 14 A.A
# 5-XXXD-5
@strings=[];
for($i=0;$i< scalar @dPos;S$i++) {
S$string=""';$stringl=""';$string2="";

if ($dPos[$1]1<9) {
for( $j=$dPos[$1]-1;$3>0;$7--) {
Sp=$3-1;
S$Sstringl.=S$protein[$p]l;}
$Sstringl= reverse $stringl;
Sstring2=substr ($protein, $dPos[$i]-1,6);
Sstring=$stringl.$string?2;
Sstrings[$i]=$string;
}
elsif ($dPos[$i]+5> scalar Q@protein) {
for( $j=$dPos[$1]1-9;S$j<scalar Qprotein;$j++) {
$string.=Sprotein([$j];}
$strings[$i]=$string;
}

else{ S$string=substr ($protein, $dPos[$i]-9,14);
Sstrings[$i]=$string;

}
}

#fnow we have two vectors one contains the positions of 'D'= @dPos
#and the other one contains the strings of each 'D'= @strings
feach string in the @strings vector is assigned to a score

$3=0;
@Strings=@strings;
@Ps_Pa="'";
@maxScore="'";
@minScore="'";
@p score='"';

foreach $s (@Strings)

{



94

chomp $s;
@s=split('',S$s)
$slength— length $s;
if (length $s ==14)
{

if ($s[5] eqg 'D'")
{

my @score= DXXDscore ($s) ;
#max score=P9+P8+P7+P6+P5+P3+P2+P'1+P'24+P'3+P'4+P'5
#min score=P5+P3+P2+P'1+P'2
SminScore[$j]l=int ((($score[1]/5)+5)/13.4*100) ;
$maxScore[$j]=int( (Sscore[0]1/12)+5)/9.3*100) ;
Sp_score[$j]l=int ((SminScore[$j]+SmaxScore([S$]])/2);
$Ps _Pa[$j]=Sscore[2];

}

else { my @score=XXXDscore (S$s);

#fmax score=P9+P8+P7+P6+P5+P4+P3+P2+P'1+P'2+P'3+P'4+P'5
#min score=P5+P4+P3+P2+P'1+P'2
SminScore[$j]l=int ( ($Sscore]| ]/6)/21.5*100);
SmaxScore[$jl=int (($score[0]/13)/14.9*%100);
$p_score[S$jl=int ( (SmlnScore [$7]1+SmaxScore[$]])/2);
$Ps _Pa[$j]l=$score[2];

}
}

else {
Sss=$s;

for (my $1=0;$i<length $s;S$i++)
{ 1f ( $s[$i] eq D)
{ $1=(length $s)-$i-1;
if ($i==8 or $1l==
{
while (length $s<14) {

my S$X='-"';
if ($1==8)
{ $5=$s.5X;}
elsif ($1==5) {$s=5X.$s}

}s
}

}

}
f(Ss[$i-2] eg D)
{
my @score= DXXDscore ($s);
#average of sum(P5->P'2)/Highest possible sum. (=13.4 for P5->P'2 and
=9.3 for P9->P'5) to get the %
SminScore[$jl=int (((Sscore[1]/5)+5)/13.4*100) ;
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SmaxScore[$jl=int (((Sscore[0]/ ($length-2))+5)/14.9*100) ;
$p_score[$jl=int (($minScore[$j]+SmaxScore[$]3])/2);
$Ps Pa[$j]=$score[2];

}

else { my @score=XXXDscore(S$s);

SminScore[$j]=int (($score[l]/6)/21.5*100) ;
SmaxScore[$j]=int (($score[0]/ ($slength-1))/13*100);

Sp_score[$j]l=int ((SminScore[$j]+SmaxScore([$]])/2);

$Ps _Pa[$j]l=S$score[2];

}
}

$3=$j+1;
}

@generalScore="";
$h=0;
@motifs="";
@finalScore="";
foreach $sl14 (@Strings)
{
$sl4Length=length $strings[$h];
@sld=split('',$sl4);
Smotifs[$h]=$s14[5].$s14[6].$s14[7].%$s14[8];
SgeneralScore[$h]=int ((generalScore ($sl14)/ ($sl4Length-
1))/12*100) ;
if (Sp_score[$h] >100) {$p_score[$h]=100;}
if (SPs_Pa[$h]>100) {SPs_Pa[$h]=100;}
$finalScore[Sh]=int (($p_score[Sh]+$SgeneralScore[Sh]l+
$Ps _Pal$h])/3);
# as the highest score we got after running the algorithm was 91
# score is modified = finalScore/91*100;
SfinalScore[Sh]l=int ($finalScore[$h]/91*100) ;
if ($finalScore[$h]1>100) {$SfinalScore[Sh]=100;}
Sh=S$h+1;
}

#printing the final matrices in organized way

#print"\n\nMotif\t\t\tPosition\t\t Score\n";

#print" \t\t \t\t \n";

#print results to the output "CAT3.txt"

print CAT3 " ANALAYSIS REPORT OF CAT3 PROGRAM\n";
print CAT3 " \n\n\n";
print CAT3 "PROTEIN INFORMATION:\n";

print CAT3 "-—---—————————————- \n";

print CAT3 "Protein Name: S$proteinNAME\n";

print CAT3 "Prortein Length: $P1\n";

print CAT3 "Number of Asparatic acids in the Protein S$proteinNAME:
$dSum\n";



96

print CAT3 "Positions of Asparatic acids in the protein
SproteinNAME: @dPos\n";
print CAT3 "\n\nCLEAVAGE PREDICTION ANALYSIS:\n";
print CAT3 M \n";
print CAT3 "No.\t";
print CAT3 "Protein\t";
print CAT3 "Strings\t\t\t";
print CAT3 "Motif\t";
print CAT3 "Position\t";
print CAT3 "Score\n";
print
CAT3" \
1'1",'
for (my $k=0;$k< scalar @dPos; $k++)
{

if ($finalScore[$k]>30)

{
# print "Smotifs[SkI\t\t\tSdPos[$kI\t\t\t\t\tSfinalScore[Sk]l\n";

}

Sno=$k+1;

print CAT3 "Sno\t";

print CAT3 "SproteinNAME\t";
print CAT3 "Sstrings [S$kI\t\t";
print CAT3 "Smotifs[$kI\t";
print CAT3 "SdPos [Sk]I\t\t";
print CAT3 "SfinalScore[$Sk]\n";
}

$flag=0;

my @fscore=sort{S$Sb<=>$a} @finalScore;

for (my $k=0;$k< scalar @dPos; $k++)
{ if (S$Sfscore[0]==$finalScore[Sk])
{ $flag=Sk;}
}

ScutVal=$dPos[$flag];

Snewprot="'";

for ($b=0; $b<length S$protein; Sb++) {
if ($b == Scutval-1) {

Snewprot .="S$protein[S$b] >< ";}

else {S$newprot .=S$protein[$b];}}

print CAT3"\n\n\n";

print CAT3"SIGNIFICANT CLEAVAGE SITE\n";

print CAT3 "—-——-----"""—"—————————————

#print "\n\n\n ";
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print sequence ($newprot, 50);

print CAT3"\n\nThe most probable cleavage site of the protein
SproteinNAME is\n";

print CAT3" Smotifs[$flag] at position $dPos[$flag] : Score =
Sfscore[0]\n";

print CAT3" \n\nCOMMENTS:\n";

print CAT3 M \n";

print CAT3"If the Score > 30,cleavage is True \n";

print CAT3"If the Score =< 30, cleavage is False\n";

print CAT3"If the Score <=0 ’ cleavage will never happen
mostly\n\n\n";

print CAT3"CAT3: a powerful bioinformatics tool for prediction of
Caspase-3 substrate cleavage site.

Developed by Muneef Ayyash and Yagoub Ashhab.

Biotechnology Research and Training Unit (BioTRU)

Palestine Polytechnic University,

Hebron, Palestine

Biotech.ppu.edu\n";

$Semail="'yashhab@ppu.edu';

print CAT3"For further correspondence: ($email).\n";

#print"™ \n\nThe most probable cleavage site of the protein
SproteinNAME is\n";

#print" Smotifs([$flag] at position $dPos[$flag] : Score =

Sfscore[0]\n";

close (CAT3);
$stop the screen=<STDIN>;

exit;

Sub-modules of the code
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submodules.pm

sub MOTIF({

my (Sinput)=@ ;

my ($Smotif)=Sinput;

chomp S$motif;

Smotif=~s/\s//qg;

Smotif=~ tr/abcdefghijklmnopgrstuvwxyz/ABCDEFGHIJKLMNOPQRSTUVWXYZ/ ;
return Smotif;}

sub INPUTFILE {

my ($input)=@ ;

my ($file)=S$Sinput;

$file=~s/\s//g;

chomp S$file;

unless (open (SWISSID,S$file)) {print "cannot open the file
Sfile\n";exit;}

@pro=<SWISSID>;

close SWISSID;

return @pro;}

sub FILENAME {

my ($input)=Q ;

my ($Snote) =$input;
Sa="'|"';@name=();Qc=();

Snote=~ s/\s//qg;
@note=split ('', $note);

for ($1i=0; $i<scalar @note;S$Si++)
{ if(Snote[$i] eg $a)
{push (€c, $1);}}

for ($3=$c[0];$3<8c[1]-1;8]++)
{push (@name, Snote[$j+1]);}
Sname=join ('',@name) ; Sname=~ s/\s//g; return S$name; S$notes='"';}

sub AACOUNT({
my (@input)=@ ;
my (@protein)=@input;

Sprotein=join('', @protein) ;

$protein=~ s/\s//g;

for ($i=0;$1<=9;$i++) {$protein=~ s/$i//g;}
Sprotein=~tr/abcdefghijklmnopgrstuvwxyz/ABCDEFGHIJKLMNOPQRSTUVWXYZ/ ;

@PROTEIN=split('', $Sprotein);

Scount A=0; $count C=0;Scount D=0;$count E=0;$count F=0;
$count G=0; $count H=0;Scount I=0;Scount K=0;$count L=0;
$count M=0; $count N=0;Scount P=0;S$count Q=0;$count R=0;
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$count S=0;Scount T=0;Scount V=0;S$count W=0;$count ¥Y=0;Scount error=

0;

foreach $base (@PROTEIN) {

elsif (Sbase eq 'C'")

elsif (Sbase eq 'S'")

elsif (Sbase eq 'D'")

elsif (Sbase eq 'T'")

elsif ($base eq 'E')

elsif (Sbase eq 'F')

elsif (Sbase eq 'V') {++Scount V;}
elsif (Sbase eq 'G') {++$Scount G;}
elsif ($base eq 'W') {++S$count W;}
elsif (Sbase eq 'H') {++$count H;}

( 1)

( Y')

( K'")

( L")

( M')

( )

( )

( )

if (Sbase eq 'A') {++Scount A;}
{++Scount C;}
{++Scount_S;}
{++Scount D;}
{++Scount T;}
{++Scount E;}
{++Scount_F;}

elsif ($Sbase eq ' {++Scount _I;}
elsif (Sbase eq '
elsif (Sbase eq '
elsif (Sbase eq '
elsif (Sbase eq '
elsif ($base eq 'N'
elsif ($base eq 'P') {++Scount P;}
elsif (Sbase eq 'Q') {++Scount Q;}
elsif (Sbase eq 'R') {++$count R;}
else { ++$count error;}

}

{++Scount Y;}
{++Scount K;}
{++Scount L;}
{++Scount M;}
{++Scount N;}

STOTAL= S$count A+Scount C+$count D+Scount E+$count F+$Scount G+
$count H+

$count I+Scount K+$count L+Scount M+$count N+$Scount P+Scount Q+
$count R+Scount S+$count T+S$Scount V+$count W+Scount Y;

return S$STOTAL; }

sub AAcategories{
my ($input)=@_;
my (SAAA)=S$input;

if( SAAA=~ /D/) {return 'A'}
elsif ($AAA=~ /E/1i) {return 'A'}
elsif ($AAA=~ /H/1i) {return 'B'}
elsif ($AAA=~ /K/1) {return 'B'}
elsif ($AAA=~ /R/1) {return 'B'}
elsif (SAAA=~ /N/1i) {return 'P'}
elsif (SAAA=~ /Q/1) {return 'P'}
elsif ($AAA=~ /S/1i) {return 'P'}
elsif ($AAA=~ /T/1i) {return 'P'}
elsif (SAAA=~ /Y/1i) {return 'P'}
elsif (SAAA=~ /A/1) {return 'N'}
elsif ($AAA=~ /L/i) {return 'N'}
elsif ($AAA=~ /P/1i) {return 'N'}
elsif ($AAA=~ /M/1) {return 'N'}
elsif ($SAAA=~ /G/1) {return 'N'}
( )

elsif ($AAA=~ /V/i) {return 'N'}



elsif (SAAA=~

elsif (SAAA=~
elsif ($AAA=~
elsif (SAAA=~

/I/1)

/E/1)
/W/1)
/C/1)

else{print"*";

H}

sub AAconverter{

my ($input)=@

my ($Sstring)

’

my $newString='"';
for ( $i=0;$i<length $string;$i++)

{ $AA=substr ($string, $i, 1);
.=AAcategories ($AR);

SnewString
} return $newString;

sub AAcounter/{

my ($input)=@
my ($protline)

@PROTEIN=split (
$count A=0;Scount C=0;Scount D=0;Scount E=0;$count F=0;$count G=0;
$count H=0;$Scount I=0;Scount K=0;Scount L=0;$count M=0;S$count N=0;

I

{return

{return
{return
{return

=S$input;

=$input;

INI}
INI}
INI}

}

"', Sprotline);

$count_P 0; $count_Q 0; $count_R 0; $count_S 0; $count_T 0;
Scount V=0; $count W=0;Scount Y=0;$count error=0;

foreach S$base

(@RPROTEIN) {if

elsif ($base
elsif (Sbase
elsif (Sbase

elsif

Sbase

elsif ($base
elsif (Sbase

elsif

Sbase

elsif ($Sbase
elsif (Sbase

elsif

Sbase

elsif (Sbase
elsif (Sbase

elsif
elsif

Sbase
Sbase

elsif (Sbase
elsif (Sbase
elsif ($base
elsif ($base
else { ++$count_error;}

return $count A;return
return $count F;return
return $count K;return

(
(
(
(
(
(
(
(
elsif ($Sbase
(
(
(
(
(
(
(
(

eq ' '){++$count_C;}

eq 'S') {++Scount_ S;}
eq 'D'){++$count_D;}
eq 'T') {++Scount T;}
eq 'E') {++Scount E;}
eq 'F') {++Scount F;}
eq 'V') {++Scount V;}
eq 'G') {++Scount G;}
eq 'W') {++Scount W;}
eq 'H') {++Scount H;}
eq 'I'") {++Scount I;}
eq 'Y') {++Scount Y;}
eq 'K') {++Scount K;}
eq 'L'){++$count_L;}
eq M'){++$count_M;}
eq '){++$count_N;}
eq 'P') {++Scount P;}
eq ){++$count_Q;}
eq ) {++Scount R;}

(Sbase eq

'A') {++Scount A;}

Scount C;return $count D;return Scount E;
Scount G;return $count H;return Scount I;
$count L;return $Scount M;return Scount N;

100
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return $count P;return $count Q;return $Scount R;return Scount S;
return $count T;return $count V;return $count W;return Scount Y;
return $count error;}}

sub print sequence {

my ($sequence, $length) = @ ;

# Print sequence in lines of $length

for ( my $pos = 0 ; $pos < length($sequence) ; $pos +=
$length ) {

print substr ($sequence, $pos, $length), "\n";

print CAT3T substr ($sequence, $pos, S$length), "\n";}

}
1

ScoreMatrices.pm

sub DXXDscore{

my (Sinput)=@ ;

my ($s)=S$input;

chomp $s;

$string=$s;
@string=split('',S$string);

#Score Matrix for DXXD Probability difference between cleaved and
uncleaved =%P (i) cleaved-%P(i)uncleaved

%dXXdp9:('D':>'1.3',' ':>'2.8',' ':>'O.6',' |:>|_2.2|,| T=>1_
1.1','N'=>'—O.8','Q'=>'—2.8','S'=>'—1.7','T'=>'—1.8','Y'=>'_
2.8','A'=>'O.9','L'=>'1.5','P'=>'1.6','M'=>'—
0.4"IG'=>I8.2"IV'=>'3.4"111=>'_4.8"'Fl=>'_
3.2'","W'=>'1.6",'C'=>"'-0.1");
$dxxdp8=('D'=>"'-5.1"','E'=>"'4.3','H'=>'0.2",'K'=>"'-1.1", 'R'=>"~
3.9l’lNl=>l3.3l’lQl=>l_6.7l’lSl=>l2.6l’lTl=>lO.5l’lYl=>l_
1'6l’lAl:>l_O'9l’lLl:>l_7'1l’lPl:>l6'8l’lMl:>l_
0.8','G'=>"'8.9",'V'=>"-
1.4','1'=>'0.7",'"F'=>'0.6",'W'=>"'0.2"','C'=>"'0.7");
%dxxdp7:(lDl:>l_4.4l,lEl:>l3.8l,lHl:>l1.2l,lKl:>l_
4.6l,lRl:>l3.1l,lNl:>l_3.7l,lQl:>l_
4.0','S'=>'3.4','T'=>'1.2','Y'=>'—1.3',' T=>1
1.9','L':>'5.9','P':>'1.6','M':>'O.7','G':>'2.9','V':>'3.4','I':>'_
5.7'",'"F'=>'-2.9","W'=>'0.5",'C'=>"'1.0");
$dxxdp6=('D'=>"'-1.7"','E'=>"'-4.8"','H'=>"-
2.1','K'=>'O.8','R'=>'O.3','N'=>'_
2.0l’lQl=>l3.0l’lSl=>l6.8l’lTl=>l4.1l’lYl=>l_1.4l’lAl=>l_
0.2','L'=>'—5.9','P'=>'8.0','M'=>'—1.5','G'=>'5.8','V'=>'_
4.1','I'=>'-5.8",'"F'=>'0.6",'W'=>"'1.0"','C'=>"-0.7");
%dXXdp5:(lDl:>l4'3l’lEl:>l7'Ol’lHl:>l_2'1l’lKl:>l_2'2l’lRl:>l_
4.8l,lNl:>l1.2l,lQl:>l2.7l,lSl:>l_O.7l,lTl:>l_2.6l,lYl:>l_
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0.4","A'=>"'"-1.0","'L'=>"'"-2.2"','P'=>"3.3"','"M'=>"1.1","'G"'=>"~-
1.2','V'=>"-1.6",'I'=>"'-0.3",'F'=>"-0.6", '"W'=>'0.4",'C'=>'-0.1") ;
%dXXdp3=('D'=>'—6.8','E'=>'22.0','H'=>'—O.8','K'=>'—3.8','R'=>'—
2.1l,lNl:>l_2.3l,lQl:>lO.2l,lSl:>l3.6l,lTl:>l2.2l,lYl:>l_
0.5','A':>'O.7','L':>'—4.3',' LIS
5.1','M'=>"'2.1",'G"'=>"1.4",'"V'=>"'1.1","'I'=>"-2.4","F'=>"-
1.8',"W'=>"'"-2.1",'C'=>"'"-1.2");

%dxxdp2=<lDl=>l_9.3l,l '=>'—10.9',' '=>'O.7',' '=>'—6.6','R'=>'—
2.9','N'=>'—2.0','Q'=>'O.7','S'=>'O.4','T'=>'12.6','Y'=>'—
1.8'","A'=>'0.9','L'=>'2.8"'",'P'=>"'8.6"','M'=>"'2.8","'G'=>"~
1.2','V'=>'12.6",'I'=>"-1.0", "F'=>"-2.9", "W'=>"-2.4",'C'=>"-0.9") ;
$dxxdppl=('D'=>'-7.2','E'=>"'-7.0', '"H'=>"'-0.2", 'K'=>"-3.7", 'R'=>"-
2.6",'N'=>"'2.0",'Q'=>"-4.2",'S'=>"16.4","'T'=>"-
1.2','Y'=>"'1.7",'"A'=>"-1.3",'L'=>"'1.4",'P'=>"'"-2.1",'M'=>"~
3.0','G':>'15.4','V':>'—4.1','I':>'—1.7','F':>'—1.2','W':>'—
1.8','C'=>"4.6");

%dxxdppzz(lDl:>l_6.7l’lEl:>l_5.5l’lHl:>l2.7l’lKl:>l4.4l’l T=>1_
1.1','N':>'—2.8','Q':>'—2.3',' |:>|4.7|,| l:>l_O.3l,lYl:>l_

3.6','A'=>'6.3','L'=>'—O.7','P'=>'2.0','M'=>'—
O.5l’lGl:>l9.1l’lVl:>ll.2l’lIl:>l_1.2l’lFl:>l_4.2l’lWl:>l_
0.1','C'=>"-1.2");

$dxxdpp3=('D'=>"'-4.6','E'=>"'1.0", 'H'=>"0.4", 'K'=>"'-5.0", 'R'=>"-
O.l','N'=>'—O.1','Q'=>'—5.1','S'=>'5.5','T'=>'3.7','Y'=>'—
0.5','A'=>'3.5','L'=>'1.9','P'=>'1.0','M'=>'—1.1','G'=>'1.8','V'=>'—
1.8','I'=>'0.6",'F'=>"'-3.4",'"W'=>'-1.8",'C'=>"4.3");
%dXXdpp4=('D'=>'—7.1','E'=>'4.8','H'=>'O.9','K'=>'—2.5','R'=>'—
2.7','N'=>'1.4','Q'=>'—
3.4','S':>'4.7','T':>'2.2','Y':>'O.3','A':>'2.4','L':>'2.9','P':>'3.
5|,| |:>|1.7|,| ':>'1.5','V':>'—4.1','I':>'—O.3','F':>'—3.1','W':>'—
3.3','C'=>'0.4");

$dxxdpp5=('D'=>'3.3', 'E'=>'-0.1", 'H'=>"-
0.7','K'=>'O.8','R'=>'O.1','N'=>'O.5','Q'=>'—1.4','S'=>'2.0','T'=>'—
1.6','Y'=>'3.1','A'=>'O.1','L'=>'O.1','P'=>'—3.1','M'=>'3.2','G'=>'—
0.4','V'=>"10.4","I'=>"-2.7",'F'=>"-3.6", 'W'=>'-0.6",'C'=>'0.8");

Sdxxdscore[0]=$dxxdp9{S$string[0] }+S$dxxdp8{S$Sstring[1l]}+
Sdxxdp7{$string[2] }+Sdxxdp6{Sstring[3] }+$dxxdp5{Sstring[4] }+
Sdxxdp3{S$string[6] }+$dxxdp2{Sstring[7] }+Sdxxdppl{Sstring[9] }+
Sdxxdpp2{S$string[10] }+Sdxxdpp3{Sstring[11] }+Sdxxdppd{$string[12] }+
Sdxxdpp5{S$string[13]};

Sdxxdscore[1]=$dxxdp5{S$string[4] }+Sdxxdp3{$string[6]}+
Sdxxdp2{$string[7] }+$dxxdppl{$string[9] }+$dxxdpp2{S$string[10]};

#Score Matrix for DxxD Probability P (i)

$dxxdP6=('-"'=>'1"','D'=>'0.09','E'=>"'0.07",'H'=>'0", 'K'=>"'0.04", 'R'=>
'0.04','N'=>"'0.02",'Q'=>'0.07",'S'=>'0.14",'T'=>"'0.08",'Y'=>'0.02","
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A'=>'0.05','L'=>"'0.09",'P'=>'0.11", 'M'=>'0", 'G'=>'0.09", 'V'=>'0.02",
"I'=>'0.01','F'=>'0.03", "W'=>'0.02",'C'=>'0.01");
$dxxdP5=('-'=>"'1"','D'=>"'0.12"','E'=>"'0.15"', "H'=>'0.00", 'K'=>'0.04", 'R
'=>'0.03",'N'=>'0.03",'Q"'=>'0.07",'S'=>"0.08",'"T'=>'0.02"','Y'=>'0.01
",'A'=>'0.04",'L'=>'0.08",'P'=>"0.07", 'M'=>"0.04",'G'=>"'0.07", 'V'=>"
0.04','I'=>'0.03",'F'=>'0.03", '"W'=>"'0.02"','C'=>'0.01");
$dxxdP3=('-'=>"'1"','D'=>"'0.05"','E'=>"'0.29"', "H'=>'0.02"', 'K'=>'0.02", 'R
"=>10.03",'N'=>'0.02",'Q'=>"'0.03",'S'=>"0.10",'"T'=>"0.05",'Y'=>"'0.02
",'A'=>'0.05",'L'=>'0.08",'P'=>'0.00", 'M'=>"'0.03",'G'=>"'0.04", 'V'=>"
0.08','I'=>'0.03",'F'=>'0.03", '"W'=>"'0.00",'C'=>'0.00") ;
$dxxdpP2=('-'=>"'1"','D'=>"'0.03"','E'=>'0.01"', '"H'=>'0.02"', 'K'=>'0.00", 'R
'=>10.02','N'=>'0.02",'Q'=>'0.02",'S'=>"0.05", '"T'=>"'0.16",'Y'=>'0.03
",'A'=>'0.03",'L'=>'0.12",'P'=>"'0.11", 'M'=>"'0.05",'G'=>"'0.03", 'V'=>"
0.20','I'=>'0.04"','F'=>"'0.02",'W'=>'0.00",'C'=>'0.00") ;
$dxxdPpl=('-'=>"'1"','D'=>'0.03", 'E'=>'0.01", 'H'=>'0.02",'K'=>'0.01", "
R'=>'0.02",'N'=>'0.08",'Q'=>'0.00",'S'=>"'0.24",'T'=>'0.03"','Y'=>"'0.0
47, 'A'=>10.04",'L'=>'0.08",'P'=>'0.00",'M'=>'0.00",'G'=>'0.22",'V'=>
'0.02','I'=>'0.05",'F'=>"0.03", '"W'=>'0.00",'C'=>'0.05") ;

#Probability of Amino acids in General as computed from the cleaved
proteins =119 proteins.
$AAPi=('-'=>'1",'D'=>'0.06"','E'=>'0.08",'H'=>"'0.02",'K'=>'0.06", 'R'=
>'0.06"','N'=>'0.04",'Q'=>'0.05","'S'=>'0.08",'T'=>'0.05",'Y'=>'0.03",
'A'=>'0.07','L'=>"'0.10",'P'=>"'0.06", 'M'=>'0.02",'G'=>'0.06",'V'=>"'0.
06','I'=>"'0.04",'F'=>'0.03",'W'=>'0.01",'C'=>'0.02");

#dxxdPs is multiplied by 1 to show that 1 replace the P(5) which is
always D in DxxD

SdxxdPa=S$AAPi{$string[3]}*SAAPi{Sstring[4] }*SAAPi{Sstring[5]}*$SAAPI{
Sstring[6] }*SAAPi{$string[7] }*$SAAPi{S$string[9]};

SdxxdPs=$dxxdP6{S$string[3]}*$dxxdP5{$string[4]}*S$SdxxdP3{$string[6]}*
$dxxdP2{$string[7] }*$dxxdPpl{$string[9]}*1;
Sdxxdscore[2]=int ($dxxdPs/$dxxdPa) ;

return @dxxdscore;}

sub XXXDscore({

my (Sinput)=@ ;

my ($s)=S$input;

chomp $s;

Sstring=$s;
@string=split('',S$string);

#Score Matrix for xxxD Probability difference between cleaved and
uncleaved =%P(i)cleaved-%P (i)uncleaved
$xxxdp9=('D'=>'-1.4"','E'=>"-0.1",'H'=>"'3.9"','K'=>"'-2.6", 'R'=>"~-
1'3l’lNl:>lO'3l’lQl:>l2'Ol’lsl:>l_1'2l’lTl:>l2'2l’lYl:>l_
2.8','A'=>'5.0','L'=>'1.1','P'=>'—O.8','M'=>'2.2','G'=>'3.3','V'=>'—
4.1','I'=>'-1.9','F'=>'-3.3",'"W'=>'-0.8",'C'=>'0.4");
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$xxxdp8=('D'=>'0.6"','E'=>'4.5",'H'=>"'2.2",'K'=>"'-2.7"','R"'=>"-
1.4','N'=>'—4.1','Q'=>'—5.3','S'=>'O.8','T'=>'6.3','Y'=>'—
0.4','A'=>'-1.9'",'L'=>"'6.2",'P'=>"'3.7"','M'=>"'"-0.1",'G'=>"-
3.5','"V'=>'1.0","I'=>"'"-2.1","F'=>"-3.2","W'=>"1.3",'C'=>"-1.7");
$xxxdp7=('D'=>'3.1','E'=>"-
3.7|’|H|:>|0.0|’|K|:>l4.3|,|R|:>l3.4|,|N|:>l_1.7|’|Q|:>l_
4.4|,|S|:>l_3.6|’|T|:>|_O.7|’|Y|:>l_1.0|’|A|:>|O.6|’|L|:>l_
1.7','P'=>'1.8','M'=>'—O.1','G'=>'7.6',' l:>l_1.4l,lll=>l_
2.8",'"F'=>'3.4",'"W'=>"'-1.1",'C'=>"-1.9");
$xxxdp6=('D'=>'-3.9','E'=>'-3.1"','H'=>"-2.8",'K'=>"'"-6.3", 'R'=>"-
1.3l’lNl=>l_1.1l’lQl=>l2.2l’lSl=>l2.6l’lTl=>l_3.2l’lYl=>l_
3.2','A'=>'6.7','L'=>'3.4','P'=>'1.7','M'=>'_
2.4','G'=>'16.4','V'=>'—1.2','I'=>'—2.1','F'=>'—3.9','W'=>'—
1.1','C'=>'2.6");
$xxxdpS5=('D'=>'11.6"','E'=>'-1.0"','H'=>'-2.3",'K'=>"-4.5", 'R'=>"~
3.5",'N'=>"'4.6"','Q'=>"'-3.8",'S'=>"'3.0','T'=>'6.0",'Y'=>"-

O.ll’lAl:>l_4.9l,lLl:>l_2.5l,lPl:>l_1.0l’lMl:>lO.4l,l LN
3.4|,| |:>|2.9|,| |:>|4.2|,| |:>|_3.4|,| ':>'—O.9',' '=>'-1.5");
%xxxdp4=('D'=>",'E'=>'7.0','H'=>'—2.1','K'=>'—8.3','R'=>'—
5.7l’lNl:>l_2.2l’lQl:>l_2.4l’lsl:>l19.7l’l T
l.lv’va=>vl.7v’vAv=>v4.4v’va=>v_3.9v’vPv=>1_1.21’v LIS

2.5','G'=>'—3.8','V'=>'7.5','I'=>'—4.5','F'=>'—2.0','W'=>'—
1.2','C'=>'0.7");
$xxxdp3=('D'=>'-6.9",'E'=>"32.6",'H'=>"'3.9', 'K'=>"-5.5", 'R'=>"-
2.2','N':>'—1.9','Q':>'—2.1','S':>'O.5','T':>'—4.7','Y':>'—
2.6','A'=>'-0.2",'L'=>'0.0",'P'=>"'-2.9",'M'=>"'-0.1",'G'=>"-
6.4','V'=>'2.8",'I'=>"-2.5", "F'=>'-1.2",'"W'=>"-1.0",'C'=>"0.6") ;
%Xxxdp2:(lDl:>l_6.2l,lEl:>l_5.7l,lHl:>l_1.9l,lKl:>l_7‘1l,lRl:>l_
4.5l,lNl:>l_1.0l,lQl:>l_2.9l,lSl:>l_2.9l,lTl:>l8.6l,lYl:>l_
2.5l’lAl:>l_3.9l’lLl:>l_1.0l’lPl:>l13.1l’lMl:>l_
2.1','G'=>'0.2",'V'=>'21.3",'I'=>"'2.2", '"F'=>"'-3.4", "W'=>"-
1.2','C'=>'0.8");
$xxxdppl=('D'=>'-6.3",'E'=>'-8.8", '"H'=>'2.6", 'K'=>"-
3.2','R'=>'1.2','N'=>'O.7','Q'=>'—3.9','S'=>'l4.2',' LIS
5.0','Y'=>'—1.0','A'=>'5.1','L'=>'—10.8','P'=>'—O.5','M'=>'—
1.9','G'=>'32.4','V'=>'—6.1','I'=>'—5.4','F'=>'—2.5','W'=>'—
1.4','C'=>'0.5");
%Xxxdpp2:('D':>'—2.6','E':>'—4.6','H':>'O.3','K':>'O.6','R':>'—
2.4','N':>'—1.6','Q':>'3.0','S':>'1.4','T':>'—
4.4','Y'=>'3.4','A'=>'4.7','L'=>'—3.1','P'=>'11.3','M'=>'—
2.5l’lGl:>l3.2l’lvl:>l_0.3l’lIl:>l_l.Ol’lFl:>l_4.0l’lWl:>l_

1.8',' ':>'O.4');
%Xxxdpp3:<lDl:>l_3.1l,l '=>'—6.1',' |:>|_2.2|,| '=>'3.8',' LN

O.l','N'=>'—2.2','Q'=>'O.2','S'=>'—3.4','T'=>'—O.3','Y'=>'—
2.6','A'=>'6.7','L'=>'0.0','P'=>'—O.2','M'=>'—
0.2','G'=>'3.4','V'=>'5.5','I'=>'2.2','F'=>'—1.2','W'=>'—
0.9','C'=>'0.7");

%XXXdpp4=('D'=>'—O.1','E'=>'—8.8','H'=>'—
2.5','K':>'1.9','R':>'1.0','N':>'—
1.7','Q'=>'1.8','S'=>'10.1',' LN
O.5','Y'=>'1.9','A'=>'3.7','L'=>'—3.1','P'=>'—
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4.1','M'=>"'4.5",'G"'=>"'3.7",'V'=>'-3.8",'I'=>'0.1","'F'=>"'-
1.5',"W'=>"-1.2",'C'=>"-1.6");
%XXXdpp5=('D'=>'—2.0','E'=>'—3.4','H'=>'0.0','K'=>'—2.8','R'=>'—
3.8','N':>'—1.4','Q':>'6.6','S':>'6.2','T':>'—2.3','Y':>'—
O.3','A':>'7.3',' ':>'—6.1',' ':>'12.7','M':>'—O.1','G':>'—
1.3','V'=>"'-4.1",'I'=>"'1.5",'"F'=>"'-3.5", '"W'=>'-1.3",'C'=>'-1.9");

@xxxdscore[0]=$xxxdp9{S$string[0] }+$xxxdp8{S$string[1l]}+
SxxxdpT7{$string[2] }+$xxxdp6{Sstring[3] }+$xxxdp5{Sstring[4] }+
Sxxxdpd {Sstring[5] }+$xxxdp3{$string[6] }+Sxxxdp2{Sstring[7]}+
Sxxxdppl{$string[9] }+$xxxdpp2{$string[10] }+S$xxxdpp3{$string[11l]}+
Sxxxdppd{S$string[12] }+S$xxxdpp5{S$string[13]};
@xxxdscore[1]=8xxxdp5{$string[4] }+$xxxdpd {Sstring[5] }+
Sxxxdp3{S$Sstring[6] }+$xxxdp2{Sstring[7] }+Sxxxdppl{Sstring[9]}+
Sxxxdpp2{S$string[10]};

#Score Matrix for xxxD Probability P (i)
$xxxdP6=('-'=>"'1"','D'=>'0.02"','E'=>"'0.04"','H'=>'0.00", 'K'=>'0.00"', 'R
'=>'0.04"','N'=>'0.02"','Q'=>'0.07"','S'=>"'0.11",'T'=>"'0.02"','Y'=>"'0.00
','A'=>'0.13','L'=>'0.13"','P'=>'0.07",'M'=>'0.00",'G'=>"'0.22",'V'=>"
0.04'",'1'=>'0.02",'F'=>"'0.00"','"W'=>'0.00",'C'=>'0.04");
$xxxdP5=("'-'=>'1",'D'=>'0.18"','E'=>"'0.07"','H'=>'0.00"','"K'=>'0.02"', 'R
'=>'0.02','N'=>"'0.09"','Q'=>'0.02"','S'=>'0.11",'"T'=>"'0.11",'Y'=>"'0.02
'LC'A'=>'0.02,'L'=>"'0.07",'P'=>"0.04",'M'=>'0.02",'G'=>"'0.02",'V'=>"
0.09'",'"I'=>'0.09'",'"F'=>'0.00", "W'=>'0.00",'C'=>'0.00") ;
$xxxdP4=('-'=>'1"'",'D'=>'0.00",'E'=>"'0.16",'H'=>'0.00",'K'=>"'0.00", 'R
'=>'0.00",'N'"=>"'0.02",'Q'=>"'0.02","'S'=>'0.29"','T'=>'0.04",'Y'=>'0.04
'SIA'=>'0.11",'L'=>'0.07",'P"'=>"'0.04"','M'=>"'0.00","'G'=>"'0.02",'V'=>"
0.13'",'"I'=>'0.00","F'=>'0.02",'"W'=>'0.00",'C'=>'0.02");
$xxxdP3=('-'=>"'1"'",'D'=>'0.00",'E'=>'0.40",'H'=>'0.07",'K'=>'0.00", 'R
'=>'0.02",'N'"=>"'0.02",'Q'=>'0.02"','S'=>'0.09",'"T'=>'0.00",'Y'=>"'0.00
'SIA'=>'0.07",'L'=>'0.11",'P'=>"'0.02"','M'=>"'0.02"',"'G'=>"'0.00",'V'=>"
0.09'",'"I'=>'0.02",'"F'=>'0.02","W'=>'0.00",'C'=>'0.02");
$xxxdP2=('=-'=>'1"'",'D'=>'0.00",'E'=>'0.04",'H'=>'0.00",'K'=>'0.00"', 'R
'=>'0.02','N'=>'0.02"','Q'=>'0.02"','S'=>'0.04",'T'=>"'0.13",'Y'=>"'0.00
','A'=>'0.02','L'=>'0.09"','P'=>"0.18",'M'=>'0.00",'G'=>"'0.07",'V'=>"
0.27'",'I'=>'0.07",'"F'=>'0.00", "W'=>'0.00",'C'=>'0.02");
SxxxdPpl=('-"'=>'1",'D'=>"'0.00", 'E'=>"'0.00", '"H'=>"'0.04", 'K'=>'0.02", "
R'=>'0.07"'",'N'=>'0.04",'Q'=>'0.00",'S'=>'0.22",'T'=>'0.00"','Y'=>'0.0
2','"A'=>"'0.11",'L'=>"'0.00"','P'=>"'0.04"','M'=>"'0.00"','G'=>"'0.38",'V'=>
'0.00'",'I'=>'0.00"','F'=>"'0.02","W'=>"0.00",'C'=>'0.02");

#Probability of Amino acids in General as computed from the cleaved
proteins =159 proteins.
$AAPi=('-'=>'1"','D'=>'0.06"','E'=>'0.08"','H'=>"'0.02",'K'=>'0.06", 'R'=
>'0.06"','N'=>'0.04",'Q'=>'0.05",'S'=>'0.08",'T'=>'0.05",'Y'=>'0.03",
'A'=>'0.07','L'=>"'0.10"','P'=>"'0.06", 'M'=>'0.02",'G'=>"'0.06",'V'=>"'0.
06','I'=>"'0.04",'F'=>'0.03",'W'=>'0.01",'C'=>'0.02");
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SxxxdPa=S$AAPi{$string[3]}*SAAPi{Sstring[4] }*SAAPi{Sstring[5]}*$AAPI{
Sstring[6] }*SAAPi{$string[7] } *$SAAPi{S$string[9]};

SxxxdPs=5$xxxdP6{$string[3] } *SxxxdP5{Sstring[4] }*$xxxdP4{Sstring[5]}*
SxxxdP3{$string[6]}*$xxxdP2{S$string[7] }*$xxxdPpl{Sstring[9]};

1f ($xxxdPa>0)

{

Sxxxdscore[2]=1int ($xxxdPs/$xxxdPa) ; }else{S$xxxdscore[2]="n/a";}

return @xxxdscore; }

sub generalScore{

my ($input) =@

my($s)=$inpu€

chomp $s;
Sstring=$s;

’

’

@string=split('', S$string);

#A.A probability difference between cleaved and uncleaved in the

positions P9->P'5S

%P9=(lDl=>l1.4l’lEl=>l2.0l’lHl=>l1.6l’lKl=>l_2.6l’lRl=>l_

0.6','N':>'_1.1','Q':>'_1.7','S':>'O.1','T':>'_O.1','Y':>'_
2.1','A'=>'2.0",'L'=>'0.4",'P'=>'0.0",'M'=>'0.0",'G'=>"5.5",'V'=>"0.
4','I'=>'-3.4","F'=>'-2.0",'"W'=>'0.6",'C'=>'-0.3");

$P8=('D'=>"'-1

1.2','A'=>"-0

.8,

.5,

'E'=>'3.7','"H'=>"'0.1",'K'=>"'-2.0", 'R'"=>"-
2.3','N'=>'O.3','Q'=>'—4.7','S'=>'O.2','T'=>'1.9','Y'=>'—

'L'=>'—O.8',

'P'=>'5.1','M'=>'—

O.l','G'=>'4.6','V'=>'—1.9','I'=>'0.0','F'=>'—
1.0','"W'=>'0.5",'C'=>"-0.3");
%P7=('D'=>'O.6','E'=>'O.7','H'=>'O.7','K'=>'—O.3','R'=>'3.3','N'=>'—
vSv=>vl.51,vTv=>vO.7v,va=>v_1.7v,vAv=>v_
1.0','L':>'2.0','P':>'1.1','M':>'—O.1','G':>'3.9','V':>'—
'F':>'O.3','W':>'—O.3','C':>'—O.4');
%P6=('D'=>'O.2','E'=>'—1.9','H'=>'—2.8','K'=>'—3.2','R'=>'—

2.5', 'Q'=>l_3

0.5","I'=>"-4

L1,

.4,

1.9l’lNl:>l_1.1l’lQl:>l2.2l’lSl:>l4.8l’lTl:>lO.5l’lYl:>l_
1.7','A':>'1.5','L':>'O.1',' ':>'4.8',' |:>|_2.3|,| ':>'7.6','V':>'—
2.8','I'=>'—3.0','F'=>'—1.7',' '=>'O.4',' '=>'O.3');

%P5:(IDIZ>I7.6IIlEl:>l4.8l’lHl:>l_2.3l’lKl:>l_3.Ol’lRl:>l_
3.0','N'=>'1.0','Q'=>'—O.7','S'=>'O.7','T'=>'0.0','Y'=>'—

0.8",'A'=>"-3
0.6','V'=>"-0
$P4=('D'=>'60
5.4','N'=>'-3
1.1','A'=>l_2
4.9','V'=>"-1

.3,
.1,
.7,
.51,
.6,
.1,

'P'=>'O.5','M'=>'1.8','G'=>'—

|I|:>IO.5|, |F|:>l_1.2|, |W|:>IO.5|, |c|:>l_o.7l);

'L'=>'—1.8',
'E'=>'-2.9",
lQl:>l_3'6l’
va:>1_7.7v,
'I'=>'-4.3",

'H':>'—1.9','K':>'—7.8','R'=>'_
'S':>'1.0','T':>'—3.8','Y':>'_
'P'=>'—3.8','M'=>'—2.3','G'=>'—

'F'=>'-3.2",'"W'=>"'-1.1",'C'=>'-0.7");
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$P3=('D'=>'-3.5','E'=>'25.0", "H'=>"'0.9"', 'K'=>'-4.0", 'R'=>"-
1.6','N'=>'—1.9','Q'=>'—1.3','S'=>'1.3','T'=>'—O.9','Y'=>'—
1.2','A'=>"'-0.8",'L'=>"'-2.4",'P'=>"-4.4",'"M'=>"0.7",'G'=>"-
3.3','V'=>"'2.0",'I'=>"-1.9", '"F'=>'-0.6", 'W'=>'-1.1",'C'=>'-0.9") ;
$P2=('D'=>"'-4.4",'E'=>"-8.0", "H'=>"'-0.4", '"K'=>"-7.1", '"R'=>"-
4.47,'N'=>'-1.1','Q"'=>"-2.7','S"'=>"-2.1",'T'=>"10.8", 'Y'=>"-
0.4','A'=>'-3.0','L'=>"'1.1",'P'=>"'8.7"', 'M'=>"'1.5",'G'=>"-

1.9','V'=>'16.6','I'=>'O.6',' '=>'—2.0',' |:>|_1_2|,| '=>'—O.7');
%Pp1:<|D|:>l_4_4|,| '=>'—8.0',' |:>|1_1|,| |:>|_3_9|,| LN
1.71,va:>12.7v’VQv:>1_3.9v’vsv:>vl5.5v’vTv:>1_
2.7','Y'=>'O.5','A':>'O.6','L'=>'—5.4','P'=>'—3.3','M'=>'—
1.9','G'=>'21.8','V'=>'—4.7','I'=>'—1.8','F'=>'—1.8','W'=>'—
1.5','C'=>"2.7");

o

Pp2=('D'=>'-2.8",'E'=>"'-4.7",'H'=>"1.1", 'K'=>"3.4", 'R'=>"-
'4l,lNl:>l_2.4l,lQl:>l0.0l,lSl:>l2.9l,lTl:>l_2‘2l,lYl:>l_
.0',"A'=>'4.0",'L'=>"-0.3",'P'=>"6.0", 'M'=>"-

L1, 'G'=>"'5.5",'V'=>"1.8",'I'=>"'"-1.7",'"F'=>"-4.0",'"W'=>"~-
.0','C'=>"-1.0");
Pp3:<lDl=>l_3.2l,lEl:>l_1.7l,lHl:>l_O.7l,IKI=>I_

L1, 'R'=>'0.6",'N'=>"'-0.7",'Q'=>"-

L9, 'S =>11.8",'"T'=>"2.6",'Y"'=>"-
.2','A'=>'3.1','L'=>'O.1','P'=>'2.5','M'=>'—

L3, 'G'=>11.9,'V!'=>10.3",'T'=>"'0.1",'"F'=>"'"-2.0", "W'=>"-
.0','C'=>12.9");
Pp4=('D'=>'-3.0','E'=>'0.1",'H'=>"'-0.3", 'K'=>"-1.1", 'R'=>"-

P ORNNKRRFERFEEFEN

o

1.2','N'=>'—O.2','Q'=>'—
1.9','S'=>'5.7"','"T'=>'2.3",'Y'=>"'1.1",'"A'=>"'0.9"', 'L'=>"-
0.1','p'=>'1.0"','M'=>'3.0','G'=>"2.1",'V'=>'-3.8",'I'=>"-
0.6','F'=>'-2.3",'"W'=>"'-1.4",'C'=>'-0.2");
$Pp5=('D'=>'1l.6','E'=>"' 0.8','H'=>'-0.7','K'=>"'-0.6",'R"=>"~
1.6','N'=>'0.0",'Q'=>'0.7",'S'=>"4.5",'T'=>"~
0.9','Y'=>'1.9','A'=>'2.1','L'=>'—3.9','P'=>'6.0','M'=>'_
0.1','G'=>'—1.3','V'=>'—1.8','I'=>'—O.8','F'=>'—3.5','W'=>'_
1.3','C'=>"-1.0");

~

Sgscore=$P9{$string[0] }+$P8{S$string[l] }+$P7{S$string[2]}+
SP6{Sstring[3]}+$P5{S$string[4]}+$P4{S$Sstring[5]}+$SP3{$string[6]}+
SP2{Sstring[7]}+$Ppl{$string[9] }+SPp2{Sstring[10] }+S$Pp3{$string[11]}
+$Pp4{Sstring[12] }+SPp5{Sstring[13]1};

return $gscore;}l

Other Perl files:

supporting files that were used in the database analysis

species.pl.
#!/usr/bin/perl

use submodules;

#ouput file
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Soutputfile="outfile";
unless (open (OUTFILE, ">Soutputfile.x1ls")) {print"cannot open file \
"Soutputfile\ "to write to !!\n\n";exit;}

#print results to the outputfile "outfile.xls"
print OUTFILE "S.P NUM.\t";

print OUTFILE "PROTEIN LENGTH\t";

print OUTFILE "CLEAVAGE SITE\t";

print OUTFILE "Amino acids before C.S(up to 50)\t";
print OUTFILE "A.A properties\t";

print OUTFILE "$AI\t";

print OUTFILE "$B1\t";

print OUTFILE "$P1\t";

print OUTFILE "$N1-Phobic\t";

print OUTFILE "$H1-Philic\t";

print OUTFILE "Amino acids after C.S(up to 50)\t";
print OUTFILE "A.A properties\t";

print OUTFILE "S%A2\t";

print OUTFILE "%B2\t";

print OUTFILE "%P2\t";

print OUTFILE "$N2-Phobic\t";

print OUTFILE "$H2-Philic\t";

print OUTFILE "TOTAL Amino acids (up to 104)\t";
print OUTFILE "TOTAL A.A properties\t";

print OUTFILE "$Atotal\t";

print OUTFILE "$Btotal\t";

print OUTFILE "%Ptotal\t";

print OUTFILE "$%N-Phobic\t";

print OUTFILE "$H-Philic\n";

#input the protein file, remove fasta format and intialize Q@protein;
and #print the protein file

print "please enter the file name of the SWISSPROT IDs:\n";
SmainFile=<STDIN>;

chomp S$mainFile;

unless (open (SWISSID, $mainFile)) {print "can not open the file
SmainFile\n";exit;}

@fileName=<SWISSID>;

close SWISSID;

print "please enter the file name of the motifs:\n";
SmotiFile=<STDIN>;

chomp SmotiFile;

unless (open (MOTIFS, $SmotiFile)) {print "can not open the file
SmotiFile\n";exit;}

@motifName=<MOTIFS>;
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close MOTIFS;

my $z=0;

do {

$a=$fileName[$z];chomp $a; S$a=~ s/\s//g;
my S$notes='"';
my Q@protein=INPUTFILE ($a);

my Sprotein='";
foreach $line (@protein) {if ($1line=~/">/) { Snotes
.=$line;next; }else{ Sprotein .=$line;}}

SproteinFILENAME=FILENAME ($notes) ;
print"S$proteinFILENAME\N";

#remove white spaces
Sprotein=~ s/\s//g;

fenter the motif to cutoff andintialize S$motif

my Smotif=S$motifName[$z];

#print "please enter the motif for $proteinFILENAME :\n";
#3Smotif=<STDIN>;

Smotif=MOTIF (Smotif) ;

Scounter=0;

my S$x=length Smotif;
for (my $m=$0;$m<length S$protein; S$Sm+=5$x)
{Srepeat= substr ($protein, Sm, $x) ;
if (Srepeat eq Smotif) {++S$counter;}}
my @pro=();
if ($protein=~ /Smotif/)
{

if (Scounter>1) {print"
\n******************************ATTENTION***************************

**************\n".
’

print " the motif $motif exists in this protein $counter times the
i i 1l ;
first one is chosen!! \n\n"

print "

******************************ATTENTION*****************************

************\n";

Sprotein=~ s/S$motif/*/;

@pro=split('', Sprotein);

Saacount=AACOUNT (@pro) ;

Sproteinlength=$aacount+length Smotif;

print "AMINO ACIDS =S$proteinlength\n"; }

else {print "the motif S$motif is not present\n";exit;}
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fcounting the string before and after the cleavage motif
#separating the two strings; and print the 50 A.A before and after
the motif
Scounter=0;
for ($i=0;$i<scalar Qpro;$i++)
{if (Spro[$i] eq '*') {Scounterl=S$counter; $Scounter=0;}
else{Scounter++;}}
Scounter2=Scounter;

@S1=();Q@S2=();QA=();Q@B=();my SAAl="';my SAA2='';my SAAmotif='';my
StotalAA='"'; my StotalBAAcateg='"';

for($i=0; $i<$Scounterl; $i++) {push (@S1, Spro[S$i]) }

for ($i=Scounterl+l;$i<scalar @pro;S$i++) {push (@S2, Spro[S$i])}
@revSl=reverse @S1;

for ($i=0;%$1<50;$i++) {push (QRA, $SrevS1[$i]);Q@revA=reverse @A;}
for ($i=0;$i<50; $i++) {push (@B, $S2[S$1]) }
print"\n";print QrevA;print " Smotif ";print @B;print"\n";

Sfirst50=join('',@revA);
Safter50=join('',@B);
SAAl=AAconverter ($first50) ;
SAA2=AAconverter ($Safter50) ;
SAAmotif=AAconverter (Smotif) ;

print S$AAl;print" $AAmotif ";print $AA2;print"\n";
StotalAA=S$first50.Smotif.Safter50;
StotalAAcateg=S$AAl.S$AAmotif.SAA2;

my @vall; my @val2;
$hl=AAcategoryCOUNT ($AAL) ;
@keysl=keys %hl;

@vall=values %hl;

for ($k=0;35k<5;Sk++) {

print "$keysl[S$Sk]\tS$vall[S$k]\n"; }

$h2=AAcategoryCOUNT (SAA2) ;
@keys2=keys %h2;
@val2=values %h2;
for ($k=0;3k<5;8k++) {
print "S$keys2[S$k]\tSval2[Sk]\n"; }

my ScountAl;my ScountBl;my S$ScountPl;my $countNl;my ScountHl;my
Stotall;

my ScountA2;my ScountB2;my ScountP2;my $countN2;my ScountH2;my
Stotal2;

my ScounthA;my ScountB;my ScountP;my ScountN;my ScountH;my
StotalCOUNT;



my SAper;
my S$SAl; my S$B1;
my S$A2; my S$B2;

ScountAl= Svall
ScountBl= S$vall
ScountPl= $vall
ScountNl= $vall
ScountHl= $vall
ScountA2=
ScountB2=
ScountP2=
ScountN2=
ScountH2=
ScountA= $valllO0
ScountB= $vall
ScountP= S$vall
ScountN= S$vall
ScountH= S$vall
$totall=$vall[

Stotal

2=%val2|

0
1
2
3
4
[
[
[
[
[
]
]
]
]

+$Vall[

my S$Bper; my $Pper; my S$Nper;
my $P1; my S$N1; my S$HI1;
my $P2; my S$N2; my S$H2;

]

$va12 0
+ Sval2[l
+ S$val2([2
+ S$val2([3
1+ Sval2l[4

1;

‘—‘|—|r—vr—vl—|l—|

SAl=ScountAl/S$totall*100;
$Bl=ScountBl/S$totall*100;
SP1=ScountPl/$totall*100;
SN1=S$ScountN1l/$totall*100;
SH1=ScountH1l/$totall*100;
SA2=ScountA2/$total2*100;
S$SB2=ScountB2/S$total2*100;
$P2=ScountP2/$total2*100;
SN2=S$ScountN2/$total2*100;
SH2=ScountH2/Stotal2*100;
SAper=S$countA/S$StotalCOUNT*100;
$SBper=S$countB/$totalCOUNT*100;
$SPper=ScountP/$totalCOUNT*100;
SNper=S$countN/$totalCOUNT*100;
SHper=ScountH/$totalCOUNT*100;

Sz=Sz+1;

print"
"w.
4

my SHper;

+Svall[2]1+Svall[3];
0]+Sval2[1l]+$val2[2]1+Sval2[3];
$totalCOUNT=$countA+$countB+$countP+$countN;

#print the database to OUTFILE.XLS

print
print
print
print
print
print
print

OUTFILE
OUTFILE
OUTFILE
OUTFILE
OUTFILE
OUTFILE
OUTFILE

"SproteinFILENAME\t";

"Sproteinlength\t";
"Smotif\t";
"Sfirst50\t";
"SAAINL";

"SALI\t";

"$B1\t";
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print OUTFILE "SPI\t";
print OUTFILE "SNINt";
print OUTFILE "SHI\t";
print OUTFILE "Safter50\t";
print OUTFILE "SAA2\t";
print OUTFILE "SA2\t";
print OUTFILE "SB2\t";
print OUTFILE "SP2\t";
print OUTFILE "SN2\t";
print OUTFILE "SH2\t";
print OUTFILE "StotalAA\t";
print OUTFILE "StotalAAcateg\t";
print OUTFILE "SAper\t";
print OUTFILE "SBper\t";
print OUTFILE "SPper\t";
print OUTFILE "SNper\t";
print OUTFILE "SHper\n";

}

#until ($k==2);
until (@fileName[$z]=~ /*\s*$/ );

close (OUTFILE);

Sf=<STDIN>;
exit;

aminoacids.pl

#! /user/bin/perl

use submodules

#ouput file

Soutputfile="AM";

unless (open (AM, ">$Soutputfile.x1s")) {print

"Soutputfile\"to write to !'!'\n\n";exit;}

#print results to the outputfile "am.xls"

"cannot

open

112

file\



print AM "D\t";
print AM "E\t";
print AM "H\t";
print AM "K\t";
print AM "R\t";
print AM "N\t";
print AM "Q\t";
print AM "S\t";
print AM "T\t";
print AM "Y\t";
print AM "A\t";
print AM "L\t";
print AM "P\t";
print AM "M\t";
print AM "G\t";
print AM "V\t";
print AM "I\t";
print AM "F\t";
print AM "W\t";
print AM "C\n";

print "please enter the file name to count!:\n";

$file=<STDIN>;

chomp S$file;
unless

(open
Sfile\n";exit;}
@file=<PROTEIN>;

close PROTEIN;

(PROTEIN, $file)) {print

my Q@protein=INPUTFILE ($file);

foreach $line(@protein) {

$line=~ s/\s//g;

@PROTLINE=split ('',$1line);

$count A=0;Scount C=0;Scount D=0;Scount E=0;S$count F=0;$count G=0;
$count H=0;Scount I=0;Scount K=0;Scount L=0;$count M=0;$count N=0;
Scount P=0; $count 0=0;Scount R=0;$count S=0;$count T=0;

Scount V=0; $count W=0;Scount Y=0;$count error=0;

foreach $base
{if (Sbase eq 'A') {++Scount A;}

elsif ($base eq 'C') {++Scount C;}

elsif ($base
elsif ($Sbase
elsif ($Sbase
elsif (Sbase
elsif (Sbase
elsif (Sbase
elsif (Sbase

~ e~ o~~~ —~

eq
eq
€q
€q
eq
eq
€q

(@PROTLINE)

'S') {++Scount_S;}

D
T
E
F
Y
G

)
)
)
)
)
)

{++Scount D;}
{++Scount T;}
{++Scount _E;}
{++Scount F;}
{++Scount V;}
{++Scount_G;}
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elsif ($Sbase
elsif (Sbase
elsif (Sbase
elsif ($base
elsif ($base
elsif (Sbase
elsif (Sbase
elsif ($base
elsif ($base
elsif (Sbase
elsif (Sbase

€q
eq
eq
€q
€q
eq
€q
€q
eq
€q
€q

W') {++Scount W;}

H') {++$Scount H;}

I'){++Scount I;}

Y') {++Scount_Y;}

'K') {++Scount_K;}
L') {++$count L;}

M') {++Scount M;}

N') {++Scount N;}

P ) {++S$Scount_P;}

){++$count_Q;}

) {++Scount R;}

else { ++$count_error;} }

print AM "Scount D\t";
print AM "Scount E\t";
print AM "S$count H\t";
print AM "S$count K\t";
print AM "Scount R\t";
print AM "Scount N\t";
print AM "Scount Q\t";
print AM "Scount S\t";
print AM "S$count T\t";
print AM "S$count Y\t";
print AM "Scount A\t";
print AM "Scount L\t";
print AM "S$count P\t";
print AM "S$count M\t";
print AM "Scount G\t";
print AM "Scount V\t";
print AM "S$count I\t";
print AM "S$count F\t";
print AM "Scount W\t";
print AM "Scount C\n";
print " S$count D\n";
}
print "\n$count error\n";
close (AM);
exit;

chemicalgroups.pl

#!/usr/bin/perl
use submodules;
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#ouput file

Soutputfile="outfile";

unless (open (OUTFILE, ">$outputfile.x1s")) {print "cannot open
file\"Soutputfile\"to write to !!'\n\n";exit;}

#print results to the outputfile "outfile.xls"
print OUTFILE "S.P NUM.\t";

print OUTFILE "PROTEIN LENGTH\t";

print OUTFILE "CLEAVAGE SITE\t";

print OUTFILE "Amino acids before C.S(up to 5)\t";
print OUTFILE "A.A properties\t";

print OUTFILE "#AI1\t";

print OUTFILE "#BI\t";

print OUTFILE "H#PI\L";

print OUTFILE "#N1\t";

print OUTFILE "#HI\t";

print OUTFILE "Amino acids after C.S(up to 5)\t";
print OUTFILE "A.A properties\t";

print OUTFILE "#A2\t";

print OUTFILE "#B2\t";

print OUTFILE "#P2\t";

print OUTFILE "#N2\t";

print OUTFILE "#H\n";

#print OUTFILE "TOTAL Amino acids(up to 14)\t";
#print OUTFILE "TOTAL A.A properties\t";

#print OUTFILE "#Atotal\t";

#print OUTFILE "#Btotall\t";

#print OUTFILE "#Ptotall\t";

#print OUTFILE "#N\t";

#print OUTFILE "#H-Philic\n";

#input the protein file, remove fasta format and intialize @protein;
and print the protein file

print "please enter the file name of the SWISSPROT IDs:\n";
SmainFile=<STDIN>;

chomp SmainFile;

unless (open (SWISSID, $SmainFile)) {print "can not open the file
SmainFile\n";exit;}

@fileName=<SWISSID>;

close SWISSID;

print "please enter the file name of the motifs:\n";
SmotiFile=<STDIN>;

chomp S$motiFile;

unless (open (MOTIFS,SmotiFile)) {print "can not open the file
SmotiFile\n";exit;}
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@motifName=<MOTIFS>;
close MOTIFS;

my $z=0;

do {

Sa=$fileName[$z];chomp $a; Sa=~ s/\s//g;

my S$Snotes='"';

my @protein=INPUTFILE ($a);

my Sprotein='";

foreach $line (@protein) {if ($1line=~/">/){ Snotes
.=$line;next; }else{ S$protein .=S$line;}}

SproteinFILENAME=FILENAME (Snotes) ;
print"S$proteinFILENAME\N";

#remove white spaces
Sprotein=~ s/\s//g;

#enter the motif to cutoff andintialize Smotif

my Smotif=SmotifName[$z];

#print "please enter the motif for S$proteinFILENAME :\n";
#Smotif=<STDIN>;

Smotif=MOTIF (Smotif) ;

Scounter=0;

my $x=length $motif;
for (my $m=$0;$m<length S$protein;S$m+=$x)
{Srepeat= substr ($protein, $m, $x) ;
if ($repeat eqg $motif) {++Scounter; }}
my @pro=();
if ($protein=~ /Smotif/)
{

if (Scounter>1l) {print"
\n******************************ATTENTION***************************

**************\n";

print " the motif S$motif exists in this protein  S$counter times
the first one is chosen!! \n\n";
print
******************************ATTENTION*****************************

"w

************\n"-
I

Sprotein=~ s/$motif/*/;
@pro=split('', $protein);
Saacount=AACOUNT (@pro) ;
Sproteinlength=$aacount+length Smotif;}

# print "AMINO ACIDS =S$proteinlength\n"; }
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else {print "the motif S$motif is not present\n";exit;}

#counting the string before and after the cleavage motif

#separating the two strings; and print the 5 A.A before and after

the #motif
Scounter=0;
for ($i=0;$i<scalar Q@pro;S$i++)
{if (Spro[$i] eq '*') {Scounterl=S$counter; $counter=0;
else{Scounter++;}}
Scounter2=S$counter;

@S1=();@S2=();@A=();€B=();

}

my SAALl="";my SAA2="";my SAAmotif=""';my StotalAA=""; my

StotalAAcateg="'";

for ($i=0;$i<$counterl; $i++) {push (@S1, Spro[S$i]) }
for ($i=Scounterl+l;S$i<scalar @Qpro;S$i++) {push (@S2, S$Spro[$i]
@revSl=reverse @S1;

for($i=0;%$1<5;$i++) {push (QA, SrevS1[$i]);Q@revA=reverse @A;}
for($i=0;$1<5;$i++) {push (@B, $S2[$i]) }

)}

#print"\n";print @revA;print " $motif ";print @B;print"\n";

Sfirst5=join('"',Q@revA);
Safter5=join('',@B);
SAAl=AAconverter ($firstb);
SAA2=AAconverter ($Safterb);
SAAmotif=AAconverter (Smotif) ;

#print S$AAl;print" S$AAmotif ";print S$AA2;print"\n";
StotalAA=S$first5.Smotif.Safter5;
StotalAAcateg=S$AAl.S$AAmotif.SAA2;

my @vall; my @val2;
$hl=AAcategoryCOUNT ($AAL) ;
@keysl=keys %hl;

@vall=values %hl;

for ($k=0;$k<5;S$k++) {}

# print "S$Skeysl[S$Sk]\tSvall[Sk]\n"; }

$h2=AAcategoryCOUNT (SAA2) ;

@keys2=keys %h2;

@val2=values %h2;

for ($k=0;3$k<5;Sk++) {}

# print "Skeys2[S$k]\tS$val2[Sk]l\n"; }

my S$countAl;my ScountBl;my S$countPl;my S$countN1l;my
Stotall;
my ScountA2;my ScountB2;my S$ScountP2;my $countN2;my
Stotal2;

ScountHl;my

ScountH2;my



my Scounth;my ScountB;my ScountP;my ScountN; my

StotalCOUNT;

my S$Aper; my S$Bper; my $Pper; my SNper; my S$SHper;

my SAl; my S$Bl; my $P1; my $N1; my S$HI;

my S$A2; my $B2; my $P2; my SN2; my SH2;

ScountAl= S$vall[O0];

ScountBl= S$vallll

ScountPl= S$Svall[2

ScountNl= S$Svall[3
[4
21

I

’

ScountHl= $vall

1
17
1
1
ScountA2= $val2[0

17

ScountB2= S$val2[l];

ScountP2= $val2[2];

ScountN2= $val2[3];

ScountH2= $val2[4];

ScountA= $vall[0]+ S$val2[0];

ScountB= S$vall([l]+ $val2[l];

ScountP= S$vall[2]+ $val2[2];

ScountN= $vall[3]+ Sval2[3];

ScountH= $vall[4]+ Sval2[4];
Stotall=S$vall[0]+Svall[l]+Svall[2]+Svall[3];

Stotal2=Sval2[0]+Sval2[l]+S$val2[2]+Sval2[3];
$totalCOUNT=ScountA+ScountB+ScountP+ScountN;

SAl=ScountAl;
$Bl=$ScountBl;
SP1l=$ScountPl;
SN1=$ScountN1;
SH1=ScountH1;
SA2=ScountA2;
$B2=ScountB2;
SP2=ScountP2;
SN2=$ScountN2;
SH2=$ScountH2;
SAper=ScountA;
S$SBper=S$countB;
$SPper=ScountpP;
SNper=S$countN;
SHper=ScountH;

Sz=Sz+1;

#print"
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ScountH;my

\n";

#print the database to OUTFILE.XLS

print OUTFILE "SproteinFILENAME\t";
print OUTFILE "Sproteinlength\t";
print OUTFILE "Smotif\t";



print OUTFILE "Sfirst5\t";

print OUTFILE "SAAINL";
print OUTFILE "SALI\t";

print OUTFILE "SB1\t";
print OUTFILE "SPI\t";

print OUTFILE "SNI\t";

print OUTFILE "SHI\t";

print OUTFILE "Safter5\t";
print OUTFILE "SAA2\t";
print OUTFILE "SA2\t";

print OUTFILE "SB2\t";
print OUTFILE "SP2\t";
print OUTFILE "SN2\t";
print OUTFILE "SH2\n";
#print OUTFILE "StotalAA\t";
#print OUTFILE "StotalAAcateg\t";
#print OUTFILE "SAper\t";
#print OUTFILE "SBper\t";
#print OUTFILE "SPper\t";
#print OUTFILE "SNper\t";
#print OUTFILE "SHper\n";

}

until (@fileName[S$z]=~ /*\s*$/ );
close (OUTFILE);

exit;
transpose.pl

#!/usr/bin/perl
use submodules;

fouput HTML file (unc.html)

Soutputfile="unc";
unless (open (UNC, ">$Soutputfile.html")) {print
"Soutputfile\"to write to !'!'\n\n";exit;}

"cannot open file\
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print "please enter the TEXT file :\n";
Sfile=<STDIN>;

chomp S$file;

unless (open (UNCP, $file)) {print "can not
Sfile\n";exit;}

@uncp=<UNCP>;

close UNCP;

$1="";Snewstring="'";

for ($i=0;51<15;$i++) {

Sy=scalar Quncp;

print "$y\n";

$c=0;

# for($j=0;S$j<scalar @uncp;$j++)
foreach $line (Quncp) {

$line=~ s/\s//qg;

@line=split('',$1line);

Sl=shift Q@line;
StransLine.=$1;

S$SLine=join('',@line);
@newstring[S$c]=$Line;
Sc++;}

print"S$transLine\n";

print UNC"S$transLine\n";
@final[$i]=StransLine;
@Quncp=@newstring;
StransLine="'";}

#print "@final\n\n";

close (UNC) ;
exite;

open

the
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Abstract

Caspases are responsible for all the morphological and biochemical
changes that end in apoptosis. Their apoptotic function is done in a cascade,
which includes the cleavage of many different substrates. Some of these
substrates are converted from inactive form to active form through this
cleavage while others are considered as controllers and inducers for
reactions and processes included in apoptosis. In general, caspases shared a
remarkable feature in their cleavage process which is the specificity to
Aspartic acid (D) in the P1 subsite. All caspases substrates are cleaved after
the amino acid “D”. Caspase-3 (interleukin-1beta converting enzyme/CED-
3) is the main executer caspase that is responsible for the cleavage of many
key proteins. Up-to-date; caspase-3 has more than 150 known substrates

experimentally.

A tool for predicting a substrate cleavage site/s becomes a need for
most of researchers who work in apoptotic and cancer field and other related

fields. The few available bioinformatics tools have very low accuracy.



The present study introduces a new bioinformatics tool to predict the
cleavage site of caspase-3 substrates. CAT3 “Caspase-3 Tool” is specific
only to caspase-3. This specificity makes CAT3 a powerful tool with a
higher accuracy compared to other available related tools. This tool comes to
predict the undetermined cleavage sites of many proteins defined as caspase-
3 substrates. Also it can predict other substrates that still not considered as a
caspase-3 substrate. CAT3 successfully predicts 23 out of 27 cleavage sites
(about 85.2%) of randomly chosen substrates that their cleavage sites are

experimentally determined.
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