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Abstract

Bioinformatics is a highly interdisciplinary field that uses techniques and concepts of
informatics, genetics, biochemistry, chemistry, mathematics, statistics, etc. Research in this
discipline consists in developing methods for the collection, stockage, organization, visualization

and analysis of biological data.

Proteins play a major role in cellular processes; therefore, it is important to understand how they
perform their functions. Proteins, however, do not as separate entities; they work together to

create various biological processes.

Multiple protein units or chains physically bind together to form stoichiometrically stable and
functional protein complexes. These complexes may also interact with each other to form

functional modules and pathways that carry out most cellular processes.

In this project, some proteins have been selected for a structural-bioinformatics study to try and

discover some of the underlying basis behind their biological function.

It was necessary to use spatial structures of proteins from the international database known as the

Protein Data Bank or PDB which stores proteins in complex forms.

The study resulted in the detection, identification and description of a group of structural
elements (called here Structural Motifs) that are deemed important in the function of the protein

complexes.

Keywords:

Protein-protein Interface, Structure-function Relationship, Structural Motifs, PDB, Databases,

Graphcal scenes, Interactions.



Résumé :

La bioinformatique est un domaine a forte interdisciplinarité qui utilise des techniques et des
concepts de I’informatique, la génétique, la biochimie, la chimie, des mathématiques, des
statistiques, etc...Les recherches dans cette discipline consistent a développer des méthodes pour

la collection, le stockage, 1’organisation, la visualisation et I’analyse des données biologiques.

Les protéines jouent un réle majeur dans les processus cellulaires. par conséquent, il est
important de comprendre comment ils remplissent leurs fonctions. Les protéines, cependant,

n'agissent pas seules; ils travaillent ensemble pour créer divers processus biologiques.

de multiples protéines se lient physiquement pour former des complexes stables sur le plan
stochiométrique. Ces complexes interagissent les uns avec les autres pour former des modules et

des voies fonctionnels réalisant la plupart des processus cellulaires.

Dans le cadre de ce projet, certaines protéines ont été sélectionnées pour une étude structurale en

bioinformatique dans le but de découvrir certaines des bases de leur fonction biologique.

Il était nécessaire d'utiliser les structures spatiales des protéines de la base de données
internationale appelée Protein Data Bank ou PDB, qui stocke les protéines sous des formes

complexes.

L’¢étude a abouti a la détection, a I’identification et a la description d’un groupe d’éléments
structurels (appelés ici motifs structurels) jugés importants pour la fonction des complexes
protéiques.

Mots clés: Protéines, structure, fonction, motifs structurels, BDP, bases de données, scénes,

interactions.
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Introduction




Proteins are required for the biological life to exist and continue. This necessitates precise
three-structure starting from the simple monomeric tertiary structureprerequisit.Monomerics
units of proteins often adopt a higher level of structure, the quaternary structure, resulting in
polymericsProtein-Protein complex forms responsible for the vast variety of proteins and their

associated biological functions.

Protein-protein interactions arecentralto the conservation and maintenance of the correct
structure/function relationship of the protein complexes. Primary source of these complexes is
the international database,the Protein Databank (PDB) created to share the 3-dimensional
structures of proteins and many other types of macromoles made available to fundamental

research as well as biotechnological implementation for the good of the global community.

The objective of this study is to try and try and discover some of the basics of the
relationship between the structure and function in protein complexes. This goal is sought byfirst
selecting a list of protein strutures, identifycontact interface regions between the units making
the quaternary structures,calculatecontact interface existing between the inter-chains of the
selected complex structures, highlight the major types of bonds found between the residues
composing the contact interfaces, defineand characterise, when possible, structural

motifsresponsible for the interfaces and explore their properties.
This project is divided into three chapters:
v The first chapter: Literature Review

This provides background information and concepts of protein and their structural levels as well
as about protein-protein interaction, methods of protein structure determination, PDB and other
useful databases and information required for understanding the subject treated in this project.

v" The second chapter:Materials and Methods
The tools and materiasl used in the project are presented.

v' The Third chapter: presents results obtained in this study, interpretation and discussion.

v’ At the end, the work is completed by a “General Conclusion”.
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The First Chapter: Literature review

I. Essential molecules of protein formation:
I.1. DNA (deoxyribonucleic):

The human body is estimated to contain 10 trillion cells and at some stage in its life cycle each
contains a full complement of genes needed by the entire organism. Genes, composed of DNA in
the nucleus, are clustered together in the chromosomes. In the chromosomes of all but the most
primitive organism, DNA combines with protein. DNA, the molecular basis of heredity in higher
organisms, is made up of a double helix held together by hydrogen bonds between purine and
pyramidine bases i.e. between Adenine and Thymine and between Guanine and Cytosine. (M. H.
Fulekar,2009).

¢ Hydrogen
@ Oxygen

@ Nitrogen

© Carbon

@ Phosphorus

Minor groove

Major groove

Pyrimidines Purines

Figure 1: DNA STRUCTURE
(Jefferson,2018)



1.2. Genes:
A gene is a functional and inheritable element in the genome that usually codes for a protein.
The protein coding sequence of most genes is interrupted many times by blocks of noncoding

sequences. (Graz, December 2005)

1.3. RNA (ribonucleic acid):

RNA are similar to DNA. The major function of RNA is to copy information from DNA and
bring it out of the nucleus to use wherever it is required to be used. The RNA in the cell has at
least four different functions.Messenger RNA (RNAm) is used to direct the synthesis of specific

proteins.

5 UTR Coding sequence Y UTR
Cap

Figure 2: The structure of an mRNA (Jefferson, 2018)

Transfer RNA (RNAL) is used as an adapter molecule between the RNAm and the amino acids in

the process of making proteins.

Ribosomal RNA (RNAr) is a structural component of a large complex of proteins and RNA
known as the ribosome. The ribosome is responsible for binding to the RNAm and directing the
synthesis of proteins.

The fourth class of RNA is a catch-all class. There are small, stable RNAs whose functions
remain a mystery. Some small, stable RNAs have been shown to be involved in regulating
expression of specific regions of the DNA. Other small, stable RNAs have been shown to be part
of large complexes that play a specific role in the cell. In general, RNA is used to convey
information from the DNA into proteins. (M. H. Fulekar, 2009).
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Figure 3: DNA and RNA similarities and differences
(Jefferson, 2018)

1.4. Amino Acids:

Any of a group of organic molecules that consist of a basic amino group (—NH?2), an acidic

carboxyl group (—COOQOH), and an organic Rgroup (or side chain) that is unique to each amino

acid. The term amino acid is short for a-amino [alpha-amino] carboxylic acid. Each molecule

contains a central carbon (C) atom, called the a-carbon, to which both an amino and a carboxyl

group are attached. The remaining two bonds of the a-carbon atom are generally satisfied by

a hydrogen (H) atom and the Rgroup. The formula of a general amino acid is:

I H

Figure 4 : Amino acid
(Michael K. Reddy,2017)
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The amino acids differ from each other in the particular chemical structure of the R group.

I.4.a. Properties of Amino Acids

Different amino acids have different structures and chemical properties. For example,
hydrophobicity is how much an amino acid wants to avoid water, i.e. it would be in a high
energy (unstable) state when in contact with water molecule. Therefore, a sequence of amino
acid in the cell will fold into a specific 3-D structure that minimizes its energy. The hydrophobic,
also called non-polar, amino acids will tend to be buried inside while the hydrophilic (polar)
ones will be more likely on the surface.

Amino acids of opposite charge will tend to be close to each other while ones of the same charge
are likely to be farther away. The size of the amino acid also puts a constraint on the possible
configuration. In general, a protein will adopt certain 3-D structure based on its amino acid
sequence although it is difficult to computationally decide its structure based on the sequence.
(Haidong Wang December 2008)

HYDROPHILIC AMINO ACIDS

Basic amino acids Polar amino acids with uncharged R groups
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HYDROPHOBIC AMINO ACIDS
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Figure 5: Molecular structure of the twenty essential amino acids that are
present in all living organisms. A linear chain of amino acids linked by the
amino group of one residue to the carboxyl group of the next makes up a protein.
(JESSICA YEE LAU January, 2005)

1.5. Peptide Bond:

The carboxyl group of one amino acid interacts with the amino group of another to form a peptide
bond by elimination of water. Amino acids are joined end-to-end during protein synthesis by the
formation of such peptide bonds. The peptide bonds (C-N) has a partial double-bond character
due to resonance, and hence there is no rotation about the peptide bond. In this figure, the peptide
is represented as a planar unit with the C=0 and N-H groups positioning in opposite directions in
the plane. This is called tans-peptide. There is another form. Cis-peptide in which the C=0 and N-
H groups point in the same direction. To avoid steric hindrance, the trans form is frequently
presented in protein structures for all amino acids except Pro, which has both tans and cis forms.

The cisprolines are found in bends of the polypeptide chains. (M. Michael Gromiha 2010)
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Figure 6 : a) peptide bond formation. b)Polypeptides consist of a linear chain
of amino acids successively linked via peptid bonds . ¢) the peptide bond

displays partial double bonded character .( Gary walsh 2002)

1.6. Proteins:

The word “protein” is derived from the Greek word protos, meaning “primary” or “first rank of

importance.”

Proteins form the very basis of life. They regulate a variety of activities in all known organisms,
from replication of the genetic code to transporting oxygen, and are generally responsible for

regulating the cellular machinery and consequently, the phenotype of an organism.

Knowing the structure of the protein, we can probe for its function and potentially apply the new
knowledge to various genome projects. (JESSICAYEELAU,January 2005)
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1.7. The Central Dogma:

The central dogma of molecular biology states that genetic information is stored in DNA and
replicated through DNA, which is located inside the nucleus. DNA is a sequence of four
different types of nucleotides. Certain segments of the DNA correspond to genes, which under
appropriate condition would be used to make a molecule called MRNA, whose sequence directly
corresponds to the DNA sequence. This process is called transcription. The resulting mRNA
migrates out of the nucleus into cell cytoplasm. There, a protein is synthesized in a process

called translation using the mRNA as template.(Haidong Wang December 2008)

RNA Processing b
e

Fudoar swmbrane

( oA Tr.ﬁdpor;

Figure 7: Central Dogma of Molecular Biology( Graz, December 2005)

I1. Proteins

I11.1. Proteins definition:

Proteins are biological macromolecules. They consist of chains of amino acid sequences, which

fold into unique structures. (Graz, December 2005)
11.2. Properties:

Protein properties such as 3-D structure of the protein, the chemical properties of its amino acids,
and its localization decide which other proteins or small molecules it physically binds to. Usually
the binding happens at places of complementary 3- D structure. This kind of physical association
enables multiple proteins to form stoichiometrically stable complexes. At the next level, the
complexes interact with individual proteins or other complexes to form functional modules and

pathways that carry out most cellular processes. Through this hierarchical structure, the limited
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number of proteins is able to combine with each other to perform exponentially diverse kinds of

cellular function. (Haidong Wang December 2008)

11.3. Level of Proteins Structure:
The structure of a proteins are determined by four aspects:

11.3.1. Primary Structure:

Proteins are composed of amino acid residues connected by covalent peptide bonds, which are
planar and rigid (Figure 8). Protein primary structure is simply the amino acid sequence. It’s

linear, not branched and in one-dimension (Rongkun Shen2006)

Figure 8: Primary structure of a partial protein sequence. (Courtesy of Nelson and
Cox (2004))

11.3.2. Secondary Structure:

Because of the planar and rigid peptide pond plus the spatial restriction, the residues are not free
to rotate and bend at all angles. Three basic local structures can be formed: a-helix (Figure9), B-
strand (Figure10) and random coil (Rongkun Shen2006)

11.3.2.1. Alpha-Helix:

An alpha-helix is a right-handed structure, with 3.6 amino acid residues and 13 backbone atoms

per turn. Therefore it is also sometimes called the 3.613 helix. The vertical distance between two

neighboring turns is 5.4 A.
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Figure 9: The structure of a-helix. (Rongkun Shen2006)

11.3.2.2. Beta-Sheet:

[-strands have a zigzag form and have two types: antiparallel (Figure 10(a)) and parallel

(Figure 10(b)).

In parallel strands, two sequence segments are in the same N-terminus to C-terminus direction;
in antiparallel strands, they have opposite directions. Two sequence segments in remote positions
in the sequence can form B-strands (FigurelO (c)). This is called a long-distance interaction,

which is the most difficult part of secondary structure prediction.
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Figure 10: The structure of B-strands. (a) antiparallel B-strands; (b) parallel -
strands; (c) long-distance interaction between two B-strands. ((a) and (b),

courtesy(Rongkun Shen2006)

28



11.3.2.3. Loops and Turns

In addition to a helices and B strands, a folded polypeptide chain contains two other types of

secondary structure called loops and turns. (There are also regions of unordered structure, often

called coils.)

Loops and turns connect a helices and B strands. The most common types cause a change in

direction of the polypeptide chain allowing it to fold back on itself to create a more compact

structure.

Loops are not well defined. They generally have hydrophilic residues and they are found on the

surface of the protein. Loops that have only 4 or 5 amino acid residues are called turns when they

have internal hydrogen bonds. Reverse turns are a form of tight turn where the polypeptide chain

makes a 180° change in direction. Reverse turns are also called 3 turns because they usually

connect adjacent 3 strands in a 3 sheet.

Val (n) Arg(n+1)
\XGIy (n 4 0 8 é
J

?” ¢ -
& ‘ lé)ly(mz)

Phe (n) b
Q’ % Pro (n+1) o ('23)‘9'
\§ v

() Hydrogen @ Oxygen
@ Nitrogen @ Carbon

Ser(n+2)

® «-carbon
@ B-carbon

Flgues 418 Prinuples of Sochemitey, e
© 2006 Peastn Frantice Hall, Ine,

Reverse turns. (left) Type | B turn.

The structure is stabilized by a
hydrogen bond between the carbonyl
oxygen of the first N-terminal residue
(Phe) and the amide hydrogen of the
fourth residue (Gly). Note the proline
residue at position n + 1 (right) Type Il
B turn. This turn is also stabilized by a
hydrogen bond between the carbonyl
oxygen of the first N-terminal residue
(vVal) and the amide hydrogen of the
fourth residue (Asn). Note the glycine
residue at position n + 2 [PDB 1AHL
(giant sea anemone neurotoxin)].
(Horton et al. 2006)

Figure 11: The two most common types of B turn are the type I and type II

turns shown above. The key point about turns is that they are highly ordered

structures stabilized by internal hydrogen bonds. This is why they are counted

as the third form of secondary structure (along with the a helix and B strand).

(Larry Moran , MARCH 13, 2008)
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11.3.2.4. The Ramachandran Plot :

The stereochemistry of the main chain folding can be investigated with a Ramachandran plot in
which the dihedral angles ¢ (phi), y (psi)for each residue are plotted in a square matrix. It is
customary to have the conformation of the fully extended chain in the corners of the square.
Short contacts between atoms of adjacent residues prevent ¢ (phi) and y (psi) from taking on all
possible angles between -180° and +180°.

They are clustered in regions in the Ramachandran matrix, with boundaries depending on the

choice of the permitted van der waals distances and tetrahedral angles.(Jan Drenth 1993).

-1 mo -v20 -ao o o 20 T80

>

Figure 12: A ramachandran plot for cellulose ( Olav Smidsregd, Starker Moe,
Sterker T. Moe 2008).

11.3.3. Tertiary Structure:

Protein tertiary structure is the folding in three-dimension. The regions consisting of secondary
structures are folded into a specific compact structure for the entire polypeptide chain as

exemplified in Figure bellow. (Rongkun Shen2006)
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Figure 13: An example of 3-D structure of phage T4 thymidylate synthase.
(Rongkun Shen 2006)

11.3.4. Quaternary Structure

A protein has quaternary structure with it is an assembly of multiple tertiary structures. We
refer to such structures as oligomeric complexes and we describe these structures using labels
that start with prefix representing the number of subunits followed by the suffix “mer”. The
progression is monomer, dimer, trimer, tetramer, pentamer, ect. If the subunits are different,
than an additional “hetero” prefix is used, as an “heterodimer” ( Forbes J. Burkowski, 2009)
and if the subunits are the same, than the “homo” prefix is used, as an “homotetramer”.

( Forbes J. Burkowski, 2009)

Figure 14: An example of 3-D structure: complex (anti-oncogene/ankyrin repeats)
(pdb id: 1ycs)
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Figurel5: An example of 3-D structure: crystal structure of pml ring tetramer (pdb id: Syuf)

From an efficiency point of view, it is in the best interest of a cell to build complex structures
from smaller building blocks that are all the same. Each unit will prescribed by the same DNA

sequence, and so there is a parsimonious genetic representation of the full oligomeric structure.

In some cases, the quaternary structure can show a lower level of recursive assembly. For

example three heterodimers maybe assembled to form a “trimer of dimers”.(Yolanda Smith,

B.Pharm, 2018).
I11.Structural Motifs in proteins:

I11. 1. Local Structural Motifs (Helices, Beta Strands & Sheets, Turns & Loops)

IV. 1. A. Alpha-Helices

Table 1: Average conformational parameters of the most commonly found helical

secondary structure elements. Types of alpha helices (SALEM and MEBARKA, Master
Thesis, 2016)

Conformation Phi Psi Omega
Alpha helix -57 -47 180
3-10 helix -49 -26 180
Pi-helix 57 =70 180

32



33



I11. 1. B. Beta-Strands & Sheets:
B-Sheets are structural configurations made of more than one B-stand held up by a number
forces of which hydrogen bonds play major role. There are many types of B-Sheets:

» Parallel Beta-Sheet.

» Anti Parallel Beta-Sheet.

> Beta Barrel motif

> Parallel beta-Sheet: a beta sheet, formed from noncontiguous regions of thepolypeptide

chain, in which every strand runs in the same direction.

Figure 16: Parallel beta-Sheet.

> Anti parallel beta-Sheet: A beta sheet often formed from contiguous regions of the

polypeptide chain, in which each strand runs in the opposite direction from its

immediate neighbors (Gellman S-H, 1998).
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Figure 17: Anti parallel beta-Sheet in blue.

> Beta Barrel motif:
A beta sheet in which the last strand is hydrogen bonded to the first strand, forming a

closed cylinder (Gellman S-H, 1998).

Figure 18: Beta Barrel motif.

I11.1. C. Turns

Turns are specific types of loops as they can be structurally described and classified. In

general they can be distinct from loose loops in the cases when the closest Ca atoms are about

7A° apart (Némethy, George, 1972).
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The following summarize the existing types of turns:

SN N N N U N N NN

a — Turn: a hydrogen bond(s) formed between residues (amino acids) are separated by
four residues (x x+4).

B — Turn: a hydrogen bond(s) between residues (amino acids) are separated by four
residues (X x+3).

v — Turn: a hydrogen bond(s) between residues (amino acids) are separated by four
residues (X x+2).

7 — Turn: a hydrogen bond(s) between residues (amino acids) are separated by four
residues (X x+5).

Beta Bulges: Beta bulge loops are commonly occurring motifs in proteins and
polypeptides consisting of five to six amino acids (Milner-White, EJ, 1987).

I11. 2. Functional Motifs:

Functional motifs are structural motifs that are usually associated with specific and definite

biological function (Rachedi A, 2013, Tyson and al, 2010).

It is sequence or structural motif that is always associated with a particular biochemical

function. An example is zinc finger motif and the helix-turn-helix.(Aitken A, 1999).

Figure 19: Zinc finger motif a fragment derive from a mouse gene regulatory protein is
shown, with three zinc fingers bound spirally in the major groove of a DNA molecule.
The inset shows the coordination of a zinc atom by characteristically spaced cysteine and

histidine residues in a single zinc finger motif. The image is of Zif268. (PDB laay).

36



Figure20: Helix-turn-helix The DNA-binding domain of the bacterial gene regulatory
protein lambda repressor, with the two helix-turn-helix motifs shown in color. The
helices closest to the DNA are the reading or recognition helices, which bind in the major

groove and recognize specific gene regulatory sequences in the DNA. (PDB 1imb)

V. Experimental methods for determining protein structures:

IV.1. X-ray Crystallographic method:

X-ray crystallography is a tool used to determine the 3D position of each atom present in the
crystal lattice of the protein crystal. It is the only technique that is being used to solve the
structure of the molecule at a resolution of better thanl A. the major bottleneck in structure
determination using X-ray is obtaining an optimum sized protein crystal. The buffers used for
protein crystallization mainly consist of a buffering agent, precipitant, and salt. The most widely
used precipitants include PEG (of varying molecular weight), ammonium sulfate, and some
alcohols which when combined with other additives give various permutations and combination
of buffers. For high-throughput crystallization, screening different robotic facilities are also
available. The protein molecules in the crystals act as a signal amplifier as they are aligned in a
crystal lattice and diffract the X-ray. The diffraction pattern obtained is analyzed for structure
factor which is used to build the electron density of atom. The details thus obtained are based on
all the complex calculations, probabilities, and assumption, and it needs to be established as the
accurate or the closest to the accurate structure by refining the model at several steps. The
accuracy of the model obtained after rigorous refinement is measured with regard to the R-value.
(Shailza Singh 2016).
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Figure 21: Principle of X-ray crystallography (T.M.Picknett, S.Brenner,2001)

IV.2. Cryo-Electron Microscopy Method :

Electrons when accelerated in vaccum are 100.000 times shorter in wavelength than visible
range, which makes it possible to resolve the points of few hundred nanometers apart. TEM
technique (transmission electron microscopy) uses this principle and has become a versatile tool
in studying the protein structure at cryogenic temperature. Cryo-electron microscopy allows the
observation of specimens in their native environment unlike X-ray crystallography. A thin film
of a sample, aqueous solution, is rapidly frozen on a support grid and then placed in the high
vaccum, where it is cooled with liquid nitrogen. Projection images of multiple copies of the
molecule in random orientations are recorded, and 3D reconstructions of these images are
performed using cryo-electron tomography. Transmission electron cryo microscopy was
successful in determining the macromolecular structure considered too complex or large to be
resolved by NMR or XRD(X-ray diffractometer).The first protein structure to be solved using
electron microscopy was bacteriorhodopsin. Structures at near atomic resolution of viruses,
ribosomes, mitochondria, and enzyme complexes has been determined using cryo-electron

microscopy. (Shailza Singh 2016 )
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Figure 22: Representative cryo-EM equipment. A) Electron microscope using
200 kV field emission electron source (JEOL 2200FS). B) Side-entry type cryo-
transfer specimen holder (Gatan 626). C) Frozen grid is mounted on a cryo-transfer
holder and inserted into the EM column without ice-

contamination.(KazuyoshiMurata ,MatthiasWolf, February 2018)

IVV.3. Nuclear magnetic resonance spectroscopy (NMR) Method:

Nuclear magnetic resonance spectroscopy is another technique elucidate the solution structure of
proteins. When a solution of labelled protein is placed in a magnetic field and subjected to
different radio frequencies, then there is a change in the resonance of different atoms in the
proteins. In an externally applied magnetic field, such atoms can flip between two states, against
or aligned with the magnetic field. So when the atoms are aligned against the external magnetic
field the energy state of the atom is higher and this energy is a function of the rate at which the
atoms resonate. This resolution is used to interpret and deduce the structure of the protein. On

the basis of atoms selected for labelling. NMR spectroscopy is commonly of two types:

1H NMR ( to determine the type and number of H atoms in molecule)

13C NMR ( determine the type of carbon atom in molecule)

NMR spectroscopy is better to determine the structure of proteins in the size ranging from 5 to
25 kDa by identifying carbon hydrogen frameworks within molecules (Shailza Singh 2016.)
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Figure 23: Principle of Nuclear Magnetic Resonance (NMR) Spectroscopy
(SAGAR ARYAL, november 2018)

V. Protein data Bank (PDB):

V. 1. PDB:

Biologists and biochimistes use sequence databases, structure databases, literature databases, etc.
The databases we will learn here is called the Protein databases (PDB). The PDB has all known
3D structures of proteins, DNAs and RNAs. To find the PDB on the web,type ‘PDB’ into

Google, and go to the first link returned, which is: http://www.rcsb.org/pdb/home/home.do

You need to download the Protein structures (i.e., the PDB files) that you are going to study, to
your own computer. Each structure is in a PDB file with a name that does not carry much
information. A PDB file is a simple text file with the(X; y; z) coordinates of all the atoms in the
Protein (Berman H-M and all, 2000).
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Figure 24: PDB — Protein Data Bank Page.

V. 2. Members PDB:

The RCSB PDB is a member of the wwPDB, a collaborative effort with PDBe (UK), PDB]
(Japan), and BMRB (USA) to ensure the PDB archive is global and uniform.

As the wwPDB archive keeper, the RCSB PDB updates the PDB archive at ftp://ftp.wwpdb.org
weekly. The structures included in each release are highlighted on the RCSB PDB home page
and clearly defined on the FTP site. These sites are maintained 24 hours a day, seven days a

week. A failover system automatically (Berman H-M and al, 2003).
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V. 2. 1. Protein Data Bank (RCSB):

Simple and advanced searching for macromolecules and Ligands, tabular reports, specialized
visualization tools, sequence-structure comparisons, RCSB PDB Mobile, Molecule of the Month

and other educational resources at PDB-101, and more.

V. 2. 2. Biological Magnetic Resonance Bank (BMRB):

Collects NMR data from any experiment and captures assigned chemical shifts, coupling
constants, and peak lists for a variety of macromolecules; contains derived annotations such as

hydrogen exchange rates, pKa values, and relaxation parameters.

V. 2. 3. Protein Data Bank Europe (PDBe):
Rich information about all PDB entries, multiple search and browse facilities, advanced services
including PDBePISA, PDBe Fold and PDBe Motif, advanced visualisation and validation of
NMR and EM structures, tools for bioinformaticians.

V. 2. 4. Protein Data Bank Japan (PDBj)):

Supports browsing in multiple languages such as Japanese, Chinese, and Korean; identifies
functionally or evolutionarily conserved motifs by locating and annotating sequence and

structural similarities, tools for bioinformaticians, and more (Berman H-M and al, 2003).
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V1. The other protein structures of banks:

The classification and comparison of the more than 50'000 protein structures deposited in the
PDB (Berman H-M and al) is an essential step to extract valuable knowledge from protein
structure data ( Berman H-M and al, 2000).

Today, the two most prominent protein structure classification schemes are SCOP (Andreeva A
and dell, 2008) and CATH (Greene L-H and al, 2007) both partition proteins into domains.

These domains are classified in a hierarchical manner:

VI1.1. CATH database:

CATH is an acronym for the four main levels in the database hierarchy: Class (C), Architecture
(A), Topology (T), and Homologous superfamily (H). There is also a fifth level, sequence
family(S). Classification is carried out using sequence alignment methods, the structure
comparison algorithm SSAP and human intervention where the automatic processes fail. An
entry is assigned a number that correlates to its classification at each level. CATH is accessible

on line at http://www.biochem.ucl.ac.uk/bsm/cath/. Users may search by the PDB code, a CATH

number or text. (David S.Moss, Sibila Jelaska, Sandor Pongor 2005)
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Figure 26: Structural classification of human lysozyme with CATH
(M. Michael Gromiha 2010)
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V1.2. The SCOP database:

The structural classification of proteins (SCOP) database provides a detailed description of the
structural and evolutionary relationships of proteins of known structure and is accessible on the
world wide web at http://scop.mrc-Imb.cam.ac.uk/scop/. There are two search facilities. One
allows the user to enter a keyword to match text in the SCOP database and headers in the Protein
Databank (PDB). SCOP protein classification is a mainly manual process using visual inspection
to compare structures but it also employs sequence homology and a variety of automated
procedures. The unit of classification is the domain, each being treated separately in multi-

domain proteins.( David S.Moss, Sibila Jelaska, Sandor Pongor 2005)

Protein: Lysoryme from Human (Homo sapicns) [Taxid: 9606]

i s [~ ] ee)

Figure 27: Sample entry for human lysozyme in SCOP database
(M. Michael Gromiha 2010)

VIIl. Rasmol:

Rasmol is a powerful educational tool for showing the Structure of proteins and smaller
molecules. The program reads in molecular co-ordinate tiles and interactively displays the
molecule on the screen in a variety of representations and colour schemes. The programme was
initially written by Roger Sayle and E. J. Milnerwhite and developed at the University of
Edinburgh’s Bioconi- puting Research Unit and the Biomolecular Structure Department at
Glaxo Research and Development, Greenford, UK. Information for getting and installing
RasMol can be obtained at http://www.umass.edu/ microbio/rasmol/getras.htm.(J. Tony
Pembroke 2000)
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VI1I. Protein -protein interactions:
Many binary protein-protein interactions comes from proteins within the same complex or from
proteins between two interacting complexes, where a complex is a stoichiometrically stable set

of proteins that permanently associate with each other to play its cellular role as a single unit.

Proteins do not function in isolation. They physically interact with each other or small molecules
(ligands) to mediate biological processes or pathways. The interactions happen when the surface
patches of the proteins or ligands complement to each other and form a number of non-covalent
bonds such as hydrogen bond, ionic interactions, Van der Waal’s forces, and hydrophobic
packing. Therefore, protein structure, esp. its complementarity with other surface patch, plays an
important role in facilitating protein-protein interactions. Those contacting surface patches, i.e.
protein-protein interaction sites would be an important target when designing a drug to disrupt

the interaction. (Haidong Wang December 2008)

Figure 28: Protein-protein interaction

IX. Non-covalent bonds:

IX.1. Hydrogen Bond, HB:

It is a particular dipole-dipole interaction that takes place between an electronegative atom and a
hydrogen atom linked to other electronegative atom or charge acceptor group. Usually, the HB is
explained in function of the electron-donor or proton acceptor capability of involved groups.
Based on this, it can be said that the hydrogen bond consists of a kind of dipole-dipole
interaction between a functional group A (hydrogen acceptor) and an atom or atom groups DH
(hydrogen donor), so that both A and D must have certain electronegative character. HB are
directional and reversible interactions, whose force is variable (Bonding energy = 1- 30 kcal-
mol - 1) and very dependent of the electronegative character of the involved atoms and their

environment (bond distances and angles with the hydrogen atom).
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The hydrogen bonding can be appearing in different conformations that can influence their

strength. The most common can be observed in the Figure bellow and would be:

Simple
Bifurcated
Trifurcated

Bridge Cyclic

AN N NN

Cyclic dimer

The hydrogen bond has a very important electrostatic component, but there are numerous cases
where the hydrogen bonding has a very significant covalent nature. Very strong interactions take
place when the donor and acceptor groups are highly electronegative and both have the same
electronegativity; therefore the hydrogen atom is practically located halfway. Strong hydrogen
bonds character is mainly electrostatic in nature and occurs when both the donor and acceptor
systems are hard bases of very electronegative character (N, O, F). The weak hydrogen bond
takes place when the donor and acceptor groups are not so strong bases and have a marked van
der Waals character, although the electrostatic component that follows is predominant Two
examples of weak hydrogen bond interactions with marked van der Waals character are the C-

H---X and X-H---n contacts (Carolina Estarellas Martin 2012)

A A
D—H--—---A D—H D—H----A
A A
Simple Bifurcated Trifurcated
H. A-----H—D
D—H A H—D D< A x/ R X
H D—H-A”
Bridge Cyclic Cyclic Dimer

Figure 29: Most common conformations for Hydrogen-Bonding.

The hydrogen bond has a great importance in biological systems. For example, it plays a
fundamental role in the stabilization and formation of tridimensional structures of proteins and
nucleic acids. In these biological macromolecules, the coupling between different parts of the
same macromolecule origins a specific structure that determines the biological and physiological

role (Carolina Estarellas Martin 2012)

46



IX.2. lonic Interactions:

IX.2.1. lon-lon Interaction

They are attractive interactions of electrostatic nature that occur between ions of different charge
sign. The strength of these interactions are comparable to covalent bond. (Bonding energy = 25-
85 kcal-mol - 1). An example of a supramolecular system characterized by this interaction is
observed in Figure 1.7. The interaction between the ligand tris(diazabicycleoctane) +3 and the
anion [Fe(CN)6] - 3 is only observed in the solid state, since in solution solvation effects

dominate and the complex is not formed.( Carolina Estarellas Martin 2012)

=N
¢ ﬁ?;

N

e,
. S
» . 0.\

N

[Fe(CN)gl*

Figure 30: lon-ion interaction between tris(diazabicycleoctane) +2 and [Fe(CN)6] +2

I1X.2.2. lon-Dipole Interaction:

This interaction takes place between an ion and a polar molecule. It exists in solid state and in
solution and is weaker than the ion-ion interaction (bonding energy = 10-50 kcal-mol - 1). A
classic model is the solvation process of an ion, as for example, Na+ cation in water. The
complexes formed by crown ethers and alkaline ions are other examples of ion-dipole
interactions (see Figure31). This complex has a marked ionic character due to the interaction
between a small polarising cation and the lone pairs of the oxygen atoms.( Carolina Estarellas
Martin 2012)
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Figure 31: Crown ether within Na+ cation in its interior.

IX.3. Dipole-Dipole Interaction:

These types of interaction are of attractive nature due the electrostatic nature between dipoles,
due to the alignment of the opposite poles of both. They are weak interactions (Bonding energy =
1-10 kcal-mol-1), especially in solution (see Figure32).( Carolina Estarellas Martin 2012)

Figure 32: Dipole-dipole interactions in carbonylic compounds.

IX.4. Van der Waal’s forces:

The electrostatic and inductive forces are of great importance when some of the molecules
possess a dipolar permanent moment. However, other forces act between the molecules of the
system. The combination of other forces, known as van der Waals forces, is responsible for the

deviation of the behaviour of gases regarding an ideal system.
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The van der Waals forces are generally not additive. Therefore, the force between two molecules
is affected by the presence of other nearest molecules, and it is not possible to add all the
potential pairs of one molecule to obtain its net interaction energy with other molecules. This
absence of additivity is due to the field that emerges from any molecule, that reaches a second
molecule in a direct and also indirect way, i.e., by reflection from other molecules that also are
polarized by the field of the first one. The van der Waals forces can be repulsive or attractive,
and the empiric expression most used is the Lennard-Jones potential present in Equation.
(Carolina Estarellas Martin 2012)

vey=se[(3) ()]

Equation 1: The parameter o is the collision diameter, which is the distance
where the energy is zero and is equal to 2-1/6rm (rm is the distance where the

potential is minimum). The € parameter is the depth of the potential well.

As we can see in the Lennard-Jones equation (Equation 1 and Figure33), the van der Waals
forces are divided into two contributions. The attractive component comes from the dispersive
effects and has the basis in the dominant term of Drude (r-6). However, the repulsive component
emerges from the compliance of the exclusion principle of Pauli when the electronic clouds of
two atoms interpenetrate, although theoretical arguments do not exist for r—12 term, since the
qguantum mechanics suggest an exponential law. Due to the previous discussion, it can be
concluded that the van der Waals interactions are weak (bond energy < 1 kcal-mol-1 ) and not
directional. These forces have been observed in supramolecular systems, especially in inclusion
processes, where generally organic molecules (as solvents), are occluded in the crystalline

packing or in the cavities of macrocycles.( Carolina Estarellas Martin 2012)
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Figure 33: Lennard-Jones Potential Energy.

X. Hydrophobic effect:

As shown in Figure bellow, where the formation of these apolar aggregates results favorably
from a thermodynamic point of view.The hydrophobic effect is a property that presents
molecules or non-polar molecular fragments that have a tendency to form intermolecular
aggregates when is found in a polar media, generally aqueous, hence the name. The hydrophobic
effect is very important in biological systems in the creation and maintenance of protein and
polynucleotide structure, among other functions. They are of crucial importance in the binding of
organic guests by cyclodextrins and cyclophane hosts in water and may be divided into two

energetic components: enthalpic and entropic.

The enthalpic hydrophobic effect involves the stabilization of water molecules that are driven
from a host cavity upon guest binding. Because host cavities are often hydrophobic, intracavity
water does not interact strongly with the host walls and is therefore of high energy. Upon release
into the bulk solvent, it is stabilized by interactions with other water molecules. The entropic
hydrophobic effect arises from the fact that the presence of two (often organic) molecules in
solution (host and guest) creates “two holes” in the structure of bulk water. Combining host and
guest to form a complex results in less disruption to the solvent structure and hence an entropic
gain (resulting in a lowering of overall free energy). The process is represented schematically in
Figure bellow, where the formation of these apolar aggregates results favorably from a

thermodynamic point of view( Carolina Estarellas Martin 2012).
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Figure34: Release of solvent molecules by association of two molecules of solute A and B.

XI. Structure-function relationship :
Proteins play an important role in many crucial biological processes and functions. They are very
versatile and have many different functions in the body, as listed below:

Act as catalysts.

Transport other molecules.
Store other molecules.
Provide mechanical support.
Provide immune protection.
Generate movement.

Transmit nerve impulses.

NSNS

Control cell growth and differentiation.

The extent to which the structure of proteins has an impact on their function is shown by the
effect of changes in the structure of a protein. Any change to a protein at any structural level,
including slight changes in the folding and shape of the protein, may render it non-functional.
(Yolanda Smith, 2018)
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The Second Chapter: Materials and Methods

Objectives:

The main objective of this study is to try and discover some of the basics of the relationship

between the structure and function in protein complexes. The related objectives include the

following points:

1.

Select contact interface regions between the units/chains making the quaternary
structures (complex structures).

Calculate the bonds between the inter-chains of the selected complex structures

Highlight the major types of bonds found between the residues composing the contact
interfaces.

Define, when possible, structural motifs characterizing the contact interfaces and explore

their properties.

Material: Data Preparation & Programing Tools:

A number of software tools were implemented in the realization of this project included the

following:
1 Microsoft Excel 2010 for data formating and preliminary storing.
2 Notpad++ v.7.5.9 for programming codes writing and editting.
3. XAMPP server vesion 3.1.0.3.1.9 for MySql in-house database creation.
4 PhpMyAdmin for PHP scripts interpretation and MySqgl in-house database handling,
storing data and results retrieving
5. Rasmol v.2.7.5.2 for molecular graphics visualization and molecular scenes
generation.
Software:
1. Microsoft Excel 2010:

Microsoft excel 2010 comes within Microsoft Windows software installed on own Personal

Computer as part of the Microsoft Office software tools. This Excel version has been used store

and format the various data generated by this project. All of the Excel files were formatted in the

Comma-Separated Values of CSV format for easy handling by the PHP programming scripts,

see Figure3b.
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Figure 35: shows Excel’s interface

2. XAMPP installation:

XAMPP is an easy to install Apache distribution containing MySql Database, PHP code
interpretor, and Apache server platform. A free software version 3.1.0 3.1.0 was download and

installed.

The XAMPP server is run in the background of the computer processes to be able to provide the

framework of the tools mentioned above, see Figure36.
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XAMPP Control Panel v3.1.0 3.1.0 [ Compiled: September 20th 2012 ] = 0O X

XAMPP Control Panel v3.1.0 3.1.0 ¢ Config
Modules ]
(&) Netstat
Service Module  PID(s) Portls) Actions 9 Nttt |
% Apache 14076 80, 443 Stop | | Admin || Config Logs | B Shell
‘% MysQL 10568 3306 Admin | Config || Logs | | [JExplorer |
FileZilla Start Admin Config Logs E' Senices
Mercury Start Admin Config Logs @ Help
Tomcat Start Admin Config Lags [ Quit
15:44:23 [main] The FileZilla module is disabled ~
15:44:23 [main] The Mercury module is disabled
15:44:23 [main] The Tomcat module is disabled
15:44:23 [main] Starting Check-Timer
15 44.23 [mam] Control Panel Ready
15:44: Attempting to start Apache app...
15 Status change detected: running
15 Attempting to start MySQL app...
45

44 i4 [mysql] Status change detected: running

Figure 36: XAMPP started. The figure show that two essential processes are
activated, the Apache server and MySql database necessary for the in-house
database creation and PHP coding tasks.

3. Notepad++ Installation:

A free version of NotePad++ v.7.5.9. tool was downloaded from internet and installed. This tools
has been used as the primary editor for creating the various PHP codes used in this project, see

Figure37.

& new 1 - Motepad+- - ol
Fie Edé Sesch View Encoding Lengusge Sethings Tool Macro fun Phiginn Widow 7 X
HE 5 ,,.,_,I.'-, R pe ay|sx|5E|ET EE@Ooe| @ =G & B
w1
Normal te file Jength: 0 fines: 1 Lnil Colil Seleb|d Windows (CRLF)  UTF2 NS

Figure 37: Note pad++ installed and run.

53



Methods: Data collection & Data Preparation:

11-1-A- PDB & SSFS

The Protein Data Bank (PDB) resource can be accessed via the public available address
http://lwww.rcsb.org/pdb/. At the home page one can interrogate the database using the PDB ID
of the molecule (if known) or utilising the Search Lite facility using simple keywords. See

Figure 1.

The Sequence Structure Function Server tool — SSFS (A. Rachedi, 2011), refer to Figure 2,
has also been used for data collection. Both resources constituted the main source of structures

from which the chosen list of the mainly protein three-dimensional structures were download.

1) The Protein Data Bank - PDB
The PDB database is made available to public world wide via the the internet address:

https://www.rcsh.org

RCSB PDB  Deéposit ~ Search ~  Visualize ~  Analyze ~ Download = Leam ~  Moie -

PROTEIN D

i Advance i | Srowse by A
gebE Qoo Iilime I it ovoo I

Structure Summary 30 View Annoiations Sequence sSequence Siméarity Structure Simiarity Experiment

Biclogical Assembly 1 ©
< . 44 1YCS
) ‘ P53-53BP2 COMPLEX
DOI: 10.2210/pab1YCSipab

Classification: COMPLEX (ANTE-ONCOGENE/ANKYRIN REPEATS)
Organism(s): Homo saptens
Expression System: Escharichia coll

| TE PR @ Downioad Fles +

FASTA Sequence

PDB Format
PDB Format (g2}

PDBYmmCIF Formatl

PDOBYMmMCIF Format (0z)

Dep : 1996-03-30 : 1997-11-19
Deposition Author({s): Gorina_S. Pavlatich N.P. PDBMLXML Format [g92)
Experimental Data Snapshot wwPDB Validation Biological Assembly 1
Method: X-RAY DIFFRACTION Metric Percentile Ranks Value
Resolution Clashscore SR |
R-Value Free: O Ruireachisad ou outliers —
R-Value Work: 0 203 Sidextialn uutthrs Si— S— 132
& 3D View Structure | Linand Inera R SR -

Figure38: The home page of the PDB database.
2) Sequence Structure Function Server tool — SSFS

The SSFS is a bioinformatics tool created at department of Biology, University of Saida, aimed

at providing the same type of structural data found in the PDB but with a different approach
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http://www.rcsb.org/pdb/
https://www.rcsb.org/

concentrating around highlighting the structure-function relationship mainly in the protein

structure. It also provides light weight focus results pages as a response of users queries.

tit

< C &8 & Norsseirns oo biointormaticstools.org 5 0 > Q€ &

! Stwctural Biology and
| Bioinformatics gyoup. 5 £ ‘/".’\ of SAIDA
| Departiment of Biology, L " CAarrnaticoa. 5 S T R |l
| Biolnformatics-Tools Server g
Moulay Tahar, Algeria

%v{?‘ Sequence, Skructane and Function Server

N
m 1yes | &
(tvpe m 2 PDE 1d. enzyme :d. keyword, profein name, ligand name id or authar)
[ | Summary | | Sequence | | Secondary Structure | | Structural Domains | | Ligand Binding | | Geometry | ]
Entry Summary
Entry lves
Header COMPLEX (ANTI-ONCOGENE/ANKYRIN REPEATS)
Title P53-53BP2 COMPLEX
Authors S. GORINA, N. P. PAVLETICH

: ... STRUCTURE OF THE P53 TUMOR SUPPRESSOR BOUND TO THE ANKYRIN AND SH3 DOMAINS OF
Primary Title 53BP).
Reference SCIENCE. ... Vol 274, 1001, 1996

E o Method: X-RAY DIFFRACTION
Xpertment  pameters: Resolution: 2.20 Angs. Ref-Value: 20.5. Space Group: P 21 21 21

Chains A B

Biological Biological Unit as provided by the RCSB PDB
Unit |Dimer 1: AB E
Enzyme (Name(s) and Reaction(s) catalyse(i

Source HOMO SAPIENS

Taxonomy 9606

UniProt Chain A: P04637.Chain B: Q13625,

Geometry: [Spots in Red indicate possible wrong ¢ & y values]
Ramachandran

Figure39: The home page of the SSFS tool.
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Structure Visualisation and Graphics scenes creation:

There are many software tools used to visualize the downloaded structures. Rasmol v2.7.5.2
tool is an easy to use software to explore 3D structures and create graphical scenes of regions of

interest.

11-1-B- Rasmol (selection of interface contact regions):

To start RasMol under Microsoft Windows, double click on the RasMol icon in the
program manager. When RasMol first starts, the program displays a single main window
(the display window) with a black background on the screen and provides the command line
window minimised as a small icon at the bottom of the screen. The command line or terminal
window may be opened by double clicking on this RasMol icon. The Command Line allows the
user to define various parts of the bio-molecular structure one wants to interact with and will

be used in some of the examples described later.

To open a pdb file within RasMol go to the file menu, click open. One can now open any of
the PDB files one wishes having saved them from the PDB database.for the purpose of this
example this will be the 1ycs.pdbl file we saved earlier. The molecular structure should

now be displayed within RasMol.

1)
The display window The command line window
s RéSMOI s I = e L Rashol Command Lin | S

Rasiol Nolecular Renderer
Roger Sayle, August 1395
Copyright (C) Reger Sayle 1592-133%

rsion 2.7.5.2 Nay 2011
Copyright (C) Herbert J. Bernstein 15998-20L1
*#+ See "help notice" for further metices ***
Rasiols ||
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2)-

L% RasMol - 1¥CS X-RAY DIFFRACTION =) I =T P

Fichier  Fdite Montrer Couleurs Options Confic

Fichier Editer PMontrers

Figure 40: A RasMol generated Chain diagram of tholycs.pdh file

Holding down the left mouse button rotate the molecule in any and all directions to

visualise different parts of the molecule.

In the Display Menu alter the molecular display by selecting Space fill, Ribbons,

Cartoons, Wireframe or Ball and Stick.

Holding down the right mouse bottom allows one to move the molecule to different

parts of the screen.

Holding down the shift-key and moving the mouse forward zoom-out the display while
moving it back blows up the display allowing the viewer to zoom in on the molecule.
This can be particularly useful if one selects wire-frame within the Display option and
set- ting Labels On within the Options menu. The positions of particular amino acids

are clearly labelled and one can zoom into the molecule at these positions.
Using ‘backbone’ and ‘colour’ by chains all chains should show up in Rasmol display

coloured differently. Follow that with relatively quick examination of the regions in

contact.
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3) In this case the chosen regions is : 424-427, 470-475,493-498: chainB

a4, RasMol Command Line

Roger Sayle, August 1385 »
Copyright (C) Reger Sayle 1992-1399

Version .7.5.2 May 2011

Copyright (C) Herbert J. Bernstein 1993-20i1

#** See "help notice" for further notices *¥*

RasMol>

Rtom: CA 2227 Group: TYR 424 Chain: 3

RagMel>

Atom: CA 2253 Croup: MET 427 Chain: B

RasMol>

Rtom: CA 2535 Group: CLT 470 Chain: B

Ragol>

Atom: CA 263¢ Croup: ASP 475 Chain: 3

RasMol>

Rtom: CA 2781 Group: CLT 493 Chain: 3

RaaMol>

Atom: CA 2730 Croup: 2SP 494 Chain: B

Rasifol>

Rtom: CA 2738 Group: CLU 495 Chain: B

RasMol>

Atom: CA 2824 Croup: TRP 498 Chain: B

Resol> | =
{ )

Figure 41: Capture represents the close contact of the selected regions.

I1-1-C- Calculation of the Protein-Protein Interactions using the PPI web

application:

The Protein-Protein Interactions system (PPI); http://bicinformaticstools.ora/prjs/ppi/ (A.
Rachedi, 2018). The PPl web tool was used to calculate the inter-chain contacts and provide
details of the binding environment existing between the units (chains) of protein complex structures

selected in this project.
PPI1 web tool usage steps:

The following figures (Figure42, Figure43) depict the steps used to calculate the binding

environment found between the interface contacts in the protein structure under this study:
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http://bioinformaticstools.org/prjs/ppi/

C 8 D tonsorics  bioinformaticstools.org

r—Ligand Binding & Inter Intra Protein Protein Contacts

PDE DD

r—Region Contacts®

Display Area

Region(s): -
ChainD:8
Calculate:

® Allrzgions

Do:
® Inter chain

— Region Contacts:
Region(s): (24-427, 470-475, 493-498)

Figure 42: Capture the interface of the PPI site

— Ligand Binding & Inter/Intra Protein Protein Contacts

PDB ID:

Calculate:
® All regions

Do:
® Inter chain

Chain ID : g '5

@Y

Figure43: the interface of ppi after filling the information

1: the area where we write the “PDBid”

2: the area where we write the closed regions selected
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3: the area where we write the chain

4: finaly we click the bottom “Go” to obtain results

Fl:’ i Protein-Protein Interchain Contacts

ntry
E. Chain Residue Explore -E

lyves | region Contacts ‘
- i
x i

424427 470-475. 493-498 o/ Environment

Figure 44: represents all information selected

5: we click “environment” to get the final table of contacts data.
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1 Waals
g (VHBE el s log || B | NessE [MET| 47 ||| 3p [Tl
] Waals
g (VHBR el e Temall B | NoSSE [TYR| o |cot|| g | o
] Waals
g (VBN el e Teonll B | NesSE [MET| 4m | cg || am TR
1 Waals
g (B el e (eonll B | NessE [vED| 47 | sp|| 3 | TRl
| Wals
A ”7“18”‘: s | 18 [Ne2l B | NoSSE |TWR| 4 |cDi|| 339
g (VPR el o \oma|| B | NossE |MED| 4y | B || 3a |
1 Waals
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A | NoSSE |ARG| 248 |NH1|| B | NoSSE |GLU| 495 | c¢G || 3
A | NoSSE [ARG| 248 |NH1|| B | NoSSE |GLU| 495 | CD ||l 309
A | NoSSE [ARG| 248 |NH1|| B | NoSSE |GLU| 495 |OE2|| 269 |HBond
A | NoSSE [ARG| 248 |NE2I| B | NoSSE |ASP| 475 | CG || 332
A | NoSSE |ARG| 48 |NH2|| B | NoSSE |ASP| 475 |OD1|| 293 |HBond
A | NoSSE [ARG| 248 |NH2|| B | NoSSE |ASP| 475 |OD2|| 307 |HBoud
A | NoSSE [ARG| 249 | CG || B | NoSSE |ASN| 473 | CG || 386 "m‘
A | NoSSE |ARG| 249 | CG || B | NoSSE |ASN| 413 |oD1|| 348 ‘mf
A | NoSSE |ARG| 9 | CG || B | NoSSE |ASN| 473 (ND2{| 356
A | NoSSE [ARG| 249 |NH1|| B | NoSSE |GIN| 472 [NE2|| 394 |HBond

Table 2: Details of binding interface between chains A and B of the dimer complex
structure of P53 Tumor Suppressor represented by the PDB entry 1YCS.
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Dikad(SV: | e

l 7777777‘\74‘7777 | [ —————— - YT

" Dowaload: Ras Scenel Ras Scene 2 ‘ Ras Scenﬂ Ras Scene4 Do“nload Run file flle

The binding details shown in the table above and presented in the columns are explained in the
following:
> The set of columns “Protein residues”: These columns show the atoms of the protein
residues (AA) that bind with other protein residues. The residues are also annotated in
terms of what secondary structure elements (helix, b-sheet or loop) they may belong to.
» The column “Bonds”: Types of possible bonds and their lengths.
> File : to get the contact file in form “EXCEL”

» RasScene 1:localized depiction of regions in contact between the moleculs

Figured5: represent capture of RasScene 1
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» RasScene 2:localized depiction of regions in contact between the moleculs where amino

acids are shown with van-der-walls spheres exposing the close contacts.

Figure46: Represent capture of RasScene 2
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» RasScene 3:global depiction of regions in contact between the moleculs where chains are

colored differently (chain A in red and B in yellow).

Figure 47: Represents capture of RasScene 3
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» RasScene 4: same as RasScene 3 plus ver-der-walls representation of the AAs in contact

Figure 48: Represent capture of RasScene 4

» RunFile: An executable text file comtains rasmol script to generate rasmol scenes.

Motifs construction:

The secondary structure elements annotation, found in the table above, are used to create a
patterns called motifs to describe the protein-protein interface binding in an abstract manner. The
motifs are by default made of two parts since the interface binding, when exist, is between every
two chains of the chains making the protein complex as explained via an example shown above

in table 2, as follows:

Motif first part:
o (177-181 H: 5): Represents the secondary structure alpha-Helix and is denoted as H.

. (No SSE 182): Represents the lack of secondary structure which means it’s a loop region
and is denoted as L.
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Motif second part

o (No SSE 424): Represents the lack of secondary structure which means it’s a loop region
and is denoted as L. This denotation is not as precise as the S and H

Definition since these latter have very well defined geometry (values for bond distances, bond
angles and tetrahedral angles). The L is more relaxed its geometry which makes it had to give a
fixed definition. Moreover, in this project, L could mean a long stretch of amino acids as it could
also mean a short number of amino acids that are not bellowing to clear secondary structures
elements ( H or S).

o (498-503 S: 0): Represents the secondary structure beta-Sheet denoted as S.

The pattern representing the interactions of the PDBId: 1YCS found in the table above is
represented as follows: HLLL/LLLLLLS for the chains A and B respectively .
I1-2- Main Data
11-2-A- List of protein structures (Master table)
A list of protein structures have been selected from the PDB database including dimmers, trimers,

tetramers for achieving the goals set by this study.
TABLE3: some PDBids (the full list of master table in “index™)

Determinatio Resoluti R-
n on factor

method
X-RAY 15 17.2

DIFFRACTI
TYPE II ON

6A0 STRUCTURE OF A TRIPLE-HELIX
REGION OF HUMAN COLLAGEN

leel  CRYSTAL STRUCTURE OF THE X-RAY 215 20.78
B TRIMERIZATION DOMAIN OF DIFFRACTI
EML2 ON
6BF THE MECHANISM OF GM-CSF X-RAY 2 185
S INHIBITION BY HUMAN GM- DIFFRACT!
CSF AUTO-ANTI ON
el CRYSTAL STRUCTURE OF ACPA X-RAY 16 185
K E4 DIFFRACTI
IN COMPLEX WITH CEP1 ON
25=| ATRIMERIC FORM OF THE KV7.1 X-RAY 1.7 20.1
E # DIFFRACTI
DOMAIN TAIL ON
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SYU CRYSTAL STRUCTURE OF PML X-RAY 1.6 20.4
F

RING TETRAMER DIFFRACTI
ON
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CRYSTAL STRUCTURE OF X-RAY 1 15

DACM DIFFRACTI 7 3
F87M/L110M TRANSTHYRETIN ON
MUTANT
CRYSTAL STRUCTURE OF THE X-RAY 1 21
HUMAN P73 DIFFRACTI 7 1
TETRAMERIZATION ON
DOMAIN
REFINED SOLUTION = 0

STRUCTURE OF A DIMER OF
LAC REPRESSOR DNA-
BINDING DOMAIN
COMPLEXED TO ITS
NATURALOPERATOR O1

1 Z2

11-2-B- Quaternary structure types and classification:

The list of protein structures selected, in the above step, are all quaternary structure types which
means they are constructed of more than one polypeptide chain. In this project, there are three
types of structures classified based on the number of chains that the protein is made of and on the
similarity folds of the chains; Dimers, Trimers and Tetramers and each class can be homo or

hetero based on the level of folds similarity of the chains.
The class types are said Homo (HM) if the chains have the same fold, that is Homodimer, and

are Hetero (HT) when they chains are different fold, that is Heterodimer, as shown in the tables

below:

Dimers:

Table4: Partial list of the Dimers (the full list of dimers in “index”).




<I
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Trimers
Table5: Partial list of the Trimers (the full list of trimers in “index”)

A H
M
A
A
A H
M
B
C
A HT
C
B
A HT
B
C

TETRAMERS
TABLESG: Partial list of the Tetramers (the full list of tetramers in “index”)

A HM
B

C

D
A HM
B

C

D
A HM
B

C

D

All of the data where including images for the rasmol scenes where stored systematically in
appropriate flat-files structure to be used for the in-house database creation as explained in the
steps to follow.

In-house Database Schema creation:
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The database contained a number of tables dotted with primary keys and linked, when necessary,
to each other via Foreign Keys.

The database work space which has been name as “pp_interaction” and tables were created via
the use of PHP script codes written in this project for such a purpose.
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Data Preparations

Using excel, data tables were created organized and saved into text files with the specific and
simple format; Comma Separated Vales or CSV (Figures47, 48, 49).

di* Wo-c-Z)s mastes_table - Microsoft Excel . o X
Aceuell | Insertion Miseenpage Formules Données  Réwsion Affichage “ -
:3 * | calibri b L 5 = ~| | ZRRenvayerdis ngne stomatiguesment | standara - ij} % %‘ ;._F ? _§J ; » %? [ﬁ
5 T (== e T e e e i P
- iy i Angnemin B Mombre f Style | Cellubes Eition
-Gk i e
s c o 3 F G u = p— X T T =
titie determinati resolution  r_factor
STRUCTURE X-RAYDIFFR. 1.5 17.2
CRYSTALSTF X-RAYDIFFR, 2,15 20.78
THE MECHAI X-RAYDIFFR 2,00 13.5
CRYSTAL STF X-RAYDIFFR, 1.60 185
ATRIMERIC X-RAYDIFFR. 1.70 0.1
CRYSTALSTF X-RAYDIFFR. 1.60 0.4
CRYSTALSTF X-RAYDIFFR, 1,70 15.2
CRYSTALSTF X-RAYDIFFR: 1,70 211
REFINED SOI NMR - 0
CRYSTAL STF X-RAYDIFFR. 1.65 172.6
THE CRYSTA! X-RAYDIFFR, 2.50 19.9
CRYSTALSTF X-RAYDIFFR, 2.50 33
CRYSTALSTF X-RAYDIFFR. 2.30 19.687
CRYSTAL STF X-RAYDIFFR, 2,60 19.08
STRUCTURE X-RAYDIFFR, 3.50 227
STRUCTURE  X-RAYDIFFR, 2.70 233
CRYSTALSTF X-RAYDIFFR: 1,82 18.6
SOLUTION S' NMR - o
CHORISMAT X-RAYDIFFR: 1.30 15
MOUSE RAN X-RAYDIFFR. 1.90 23
CRYSTALSTF X-RAYDIFFR, 1,90 2.5
| COMPUTATI X-RAYDIFFR: 2.25 217

24.5Y6U CRYSTALSTF X-RAYDIFFR, 1,50 16.2

25/157M CRYSTALSTF X-RAYDIFFR, 2.10 1.7

26 |1T0A CRYSTALSTF X-RAYDIFFR, 1.60 17.5

27 {30IH MACROPHA X-RAYDIFFR. 1.25 17

4 M| master_table Y2 7 ,‘-' e

Prét

Figure 49: Depiction from the Master-table containing selected protein structures in excel

pG_1d: TiTle: dsTermination mechod: resolution; r_factor

€A0N; STRUCTURE OF A TRIPLE-HELIX REGION OF HUMAN COLLAGEN TYPE II; X-RAYDIFFRACTICN; 1.5; 17.2
4CGB; CRYSTAL STRUCTURE OF TEE TRIMERIZATION DCMAIN OF EML2; X-RAYDIFFRACTION; 2.15; 20.78

€BF5; THE MECHRNISM OF GM-CSF INHIBITION BY HUMAN GM-CSF AUTO-ANTI; X-RARYDIFFRACTION: 2.00; 13.5
50CK: CRYSTAL STRUCTURE OF ACPA E4 IN COMFLEX WITH CEPL: X-RAYDIFFRACTION: 1.80: 18.5

3EFE; A TRIMERIC FORM OF THE KV7.1 A DOMAIN TAIL; X-RAYDIFFRACTION; 1.79; 20.1

SYUF; CRYSTAL STRUCTURE OF FML RING TETRAMER; X-RAYDIFFRACIION,
SLLV; CRYSTAL STRUCIURE OF DACH FE7M/L110M TRARSTHEYRETIN MUIANT; X-I ; 1.707 15.3

2WQI: CRYSTAL STRUCTURE OF THE HUMAN P73 TETRAMERIZATION DOMAIN: X-RAYDIFFRACTION; 1.70: 21.1

10 2KEI; REFINED SOLUTICON STRUCTURE OF A DIMER COF 1XC REPRESSOR DNA- BINDING DOMAIN CCMPLEXED TC ITS NATURAL OPERATOR 01; MMR: -; 0

A e

o o

THE CRYSTAL STIRUCTURE OF TREMATOMUS BERMACCHII HEMOGLOBIN OX FERRICYANIDE; X-RAYDIFFRACTION; 2.50: 19.9

CRYSTAL STRUCTURE OF PARTIALLY TRYPSINIZED (CENP-A/HS)2 HETE; X-RAYDIFFRACTION: 2.50; 23.¢

CRYSTAL STRUCTURE OF MYCOBACTERIUM TUBERCULOSIS FATTY ACID BETA-OXIDATION COMPLEX; X-RAYDIFFRACTION; 2.30; 19.687
CRYSTAL STRUCTURE OF APC/C HETERO-TETRAMER CUTS-HCR1; X-RAYDIEFFRACTION; 2.60; 19.08

STRUCTURE OF IEE PR-DUS COMPLEX: X-RRYDIFFRACTICN; 3.50; 24.7

2 STRUCTURE OF THE YFAST E5SCRT-I BETEROTETRAMER CCRE; X-RAYDIFFRACTICN; 2.70: 23.3

CRYSTAL STRUCTURE OF ELA-B7 IN COMPLEX WITH SPI, AN INFLUENZ; X-RAYDIFFRACTICN: 1.82; 18.€

SCLUTION STRUCTURE OF E. , A HYPOTHETICAL PROTEIN FROM EAFRMOPHILUS INFTLUEHZAE; NMR; —-; O

CHORISMATE MUTASE FROM BA..ZLLUS SUBTILIS AT 1.30 ARGSTROM; X-RRYDIFFRACTION; 1.30; 15

MCUSE RANKL STR! TION: 1.90: 23

CRYSTAL STRUCTURE OF LEISHMANTA MAJOR MIF FRACTION;
COMFUTATIONAL DESIGN OF R HIGH-AFFINITY METRLLOPROTEIN HOMOT CONTAINING A METAL CHELATING NON-CANONICAL AMINC ACID; X-RAYDIFFRACTION; 2.25; 21.7
CRYSTAL STRUCTURE OF WILD-TYPE YABJ PROTEIN FROM BACILLIS SU (NATTC); X-RRYDIFFRACTION: 1.50; 1€.2

CRYSTAL STROCTURE OF BIARDL: X-RAYDIFFRACTIO) <103 21.7

CRYSTAL STRUCTURE OF 2C-METHYL-D-ERYTHRITOL-2,4-CYCLODIPHCSP SYNTHASE FROM SHEWANELLA ONEIDENSIS: X-RAYDIFFRACTICN: 1.60; 17.3

MACROFHAGE MIGRATION IREIBITORY FACTOR (MIF) AT 1.25 A RESCL; X-RAYDIFFRACTION; 1.25; 17

RING CYCLE FOR DILATING AND CONSTRICTING THE NUCLEAR FORE S OoF A NUF‘- HOMC-TETRAMER: X-RAYDIFFRACTION: 1.50: 19.5

CRYSTAL STRUCTURE OF TEE !ETRAMERI’%MTIGN Do) ',' 1.90; 21.44

V30M NUTANT EUMAN TRAN, X-RAYDIFFRACTION; 1.95; 15.9

PYRENOSE Z-OXIDASE FROM EHANERCCHAETE CHRYSOSPORIUM, WILD TY NATURAL SOURCE: X-RAYDIFFRACTION: 1.80: 15,3
PYRANOSE 2-OXIDASE FROM EHANEROCEXETE CHRYSOSPORIUM, RECOMET TYPE: X-RAYDIFFRACTION: .4

CRYSTAL STRUCTURE OF PSPER“'LLU: IGATUS MNSOD; X-RAYDIFFRACTION; 2.40; 19.4

STREPTAVIDIN MUIANT N23E AT 1.9€3; X-RAYDIFFRACTION; 1.96; 1€

> STREPTAVIDIN MUIANT S2Z7R WITH BIOTIN AT 1.6R RESCLUTION: X-RAYDIFFRACTION: 1.60: 15.5

; P63/P73 HETERC-TETRAMERISATICN DOMAIN; NMR: -; O

F; CRYSTAL STRUCTURE OF TRYETOPHAN SYNTHASE FROM M. TUBERCULCSI LIGAND-FREE FORM; X-RARYDIFFRACTION; 2.46; 17.€

<

CRYSTAL STRUCTURE OF STREETAVIDIN DOUBLE MUTANT S45A/D128A WITH BIOTIR: COOPERATIVE HYDROGEN-BORD INTERACTIONS IN TEE STREPTAVIDIN-BIOTIN SYSTEM; X-RAYDIFF]

THE 1.0 ANGSTROM STRUCTURE OF CARBONMONOXY-BETA4 EE)&O"SOBIN' OF & HOMOTETRAMER WITH THE R QUATERRARY STRUCTURE OF LIGRND ALPHA2BETAZ HEMOGLOBIN; X-RAYDIFFRI

; HETEROTETRAMER STRUCTURE OF REGION II FROM CLASMODIUM VIVAX BINDING PROTEIN (PVDSP) BCUND IO THE ECTODOMAIR OF THE IUFF RECEPTOR FOR CEEMOKINES (DARC); X-Ri

v

Noma| te file length: 10640 lines : 104 Ln: 104 Col:1 Sel:0|0 Windows (CRLF)  UTF-8

Figure 50: Master-table containing selected protein structures in Notepad++
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dimers_table - Microsoft Excel {
Formulss  Donnéss  Héwslon  aficnage k7]

2 ]| -] 8 || Sireeonrstatie it [ stancra S 7R = Ik [5___] _ﬁf
]

DA |[E S EEE | 5 rusionner et centrer ¢ @3- % |5 e e foome bishy vous fommetves | et Suppeimes POt _ et
5 Allgnement e} Nombie = Siyle J Cellules Editii

£ poB1d

s Gl O s B E_ | 6 B | 1 3 [T T - Nl e R
domain2  type
8 HT
A B HT
& 5L A B HT
5 |sezF A B HT
6 48U A B HT
7 4ws A B HT
"B lapsE A B HT
9w ' P HT
10 {1SLU A B HT
11 laxoo A B HT
12 apsp A ic. HT
13 4ALW A B HT
14 [4RLU A B HT
15 6NRX A B HM
16 |GHAT A B HM
17 aRLT A B HT
18 [2v0 C D HT
18 [2mv2 A B HT
20 [2mv3 A B HT
21 4BEH A 6 HT
22 uBF A 8 HT
23 2650 A B HT
241109 A ) HM
25 [1val A 8 HM
26 |1AFW A B HM
27 |1CNZ A B HM

m

Figure 51: dimers table containing selected dimers_protein structures in excel

& Cheampp ppt_pr 201¢1DE 3 | data\dimers teblecsy - Notepad=+ - o X

Fichier Edition Affichage ge Langage F ¢ Outils  Mocro Exécution Compléments Documents ? X
s DHBRGE Jaki e kR % |EHE (S Das®(eEb %

PD3 14,
1¥CS: A:
€M34; A:
SI70; A:
EEZE; A7
4RLT: A
4LW3: A;
4ESE; A7
1Jiw; I:
150U: A:
4HOO0; A;
4E5D; A7
ARLW; A,
54 4RLU: A:
ENRX; A;
16 €HAT; A;
-7 4RLT; A}
3 2RVQ: C
28Y2: A
24Y3; A: Bs
4BEH; Ap B:
2LBF: A: B:
2K30; A; B:
13Q9; A; B

Aok WM

o

)

[PV R
PR R

n

18D0; &; B
19U; A: B;
0 1LK9: A: B:
31 1B0W; A; B
32 1JFL; A; B2
33 1MJH; Ay B
44 €EVS: A: B:
35 5SXLV: a; B;
36 SXLW; A: B
37 gEeH; Ay B2
386 SOEK: A: B:
38 SNOC: A; B:
40 5USS; Af B;

B EEEEEEEEEEEEEEEE SN

Normal ted file length : 765 lines: 49 Ln:48 Col:1 Seli0}0 Windows (CRLF)  UTF-8 NS

Figure 52: Dimers table containing selected dimers_protein structures in notpad++
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/;& NE® R 20 B A trimers_table - Microsoft Excel = X
fccod | Insedtion  Miieenpage  Fommules  Donndei  Rémsion  Affichage ® - o X

l = e B R . =
‘ IE  Calibr in | | = =i L_][%n‘mui 1 ) ¢ Standard | ﬁ y g “:ﬁ- ‘Egg ks_u gr m
:ou; y ja 8= |Q A‘l === = ,ﬁFunamﬂduﬂhw q % mhﬂéﬂ mm!m-mm:m;o:mfw;n Insemswfoml ;2 m:&m?:::«’i
LY Alignement Horibre i Sile Ceblules Euition

-( £ | pab_id
B [. & D Y R H T — T T T T T [ — =
»_al 87 d b1 d b: _b: remarks  type
chains AAA Z hm | | | | i
[
{
[

hm
hm
hm
hm
D E F hm
hm
hm
hm |
hm
hm
hm
hm
hm
hm
HT
HT
HT
HT
HT
HT
HT
HT
HT
hm
hm

T

P>P>PPrPrPrPrP>PPPPPI PP DP >
noOGNoOONONNAOAOMRAOANABARNOMAOAO R

DO NI O IEOIEEEEOEETT0O0D D0

Figure 53: Trimers table containing selected trimers_protein structures in excel

EF "C\xampp\htdocs\ppi_pr 201D ion\datal main_ table.csv - Notepad+ + = o x
Fichier Edition Rech Affichage  Encodage Langsge P &ty Outils Macro  Exécution  Compléments Decuments 7 X

ofhnaaa.aurnm:c AR 2z |HFH 1 EDNNAc® JE 0GR &

i n et inmers_table cav £3 sme . |

1  pdb_id; donme 2 aly domme _a2; domaine_a3;domaine bl; domaine b2; domaine_b3; remarks; type
2 3ENT; A7 A Ajjjichains ARA - Zixed to be -> ABC nm

4 SEIL: A:

4 SYET; A;

s ¥

i

aesssassaaaaaﬁngnggsaa

oa@enoaan

Figure 54: Trimers table containing selected trimers_protein structures in notpad++
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/ A Ve 9 e ) e retramers_table - Microsoft Fxcel = [=] X
> y heceus! Insection Miseen pags Formules Données Réwzion Affichege W - 7 X
f“\ i Calibri A | [T == [ | Serenvoyerdta tigne automatiouement | standard . ’g_ E\? ;/ E\n :A _.J ; : %{ ﬁ
i 5 @7 g G0 A ST Erweme - e | s s Ve e 7 | o e ot | e mpon @
Presie ., 1 Solice . aligosment ) tombre ix siyle Cellules Editin

| Al - £ adb e -

A B C B E F (<} H I ) K L M N Q P Ci

1 Edn id .| domaine_al domaine_sz comaine_a3 _asd bl d _be b _be remarks ype |
2 SYUF A B C D hm

3 4AJ3H A B A B chains ABAE hm ‘
4 5L A B C D am

5 185Y a B c D hm |
6 2wal A B C D am |
7 IMEP 4 B c D hm |
B ZKEI A B c o am |
9 AD2H A B C D E F G H hm |
10 3KGT A B A B chains ABAE hm ‘
11 1CBM A [} c D am =
12 AMIF A B G D hm

13 AMIG A B c D hm

14 1KKC A ;] X Y nm

15 IN7?Y A B C D m

16 INSM A B C D hm

17 2NB1 A B c D hm

18 INQU A B A B chains ABAE het

13 4B3H A B C D het

20 2%m A D B E net

21 6CGA A C B D het

22 2P22 A B C D het

23 4aNuV A B c D het

24 5TCF A B c D het

25 ITAF A B A B chains ABAE het

26 3NQJ A B A ] chains ABAE het

27 3vaR A B c o het

M &b M| tetramers table %) . il ¥ e

Prét

B *Camppy \PPLPH_201ADB X s_table.csv - Notepad++ - @ X
Fichier Edition Recharche Affichage Encodsge Langage Paemites Outils Maco Exécution Compléments Documents ! X
iR Al 4k 2 AR |EEH S

Bt _remon oho 3| B et macmon pom 3| B pen €3 e _tadke cav £
_a2; domalne_a3;doma, i
- fixed to bz -> ASC; nm

ARS8 110 M0E S5 St act 13 I oo NI R ST 5 < 1

PEErEEEPYREPEPEEPEP OO P YR B e

Figure 56: Tetramers table containing selected relevant protein structures Notpad++

All of the other data mentioned above including the selected PDB structures, Dimers, Trimers
and Tetramers lists were saved in the CSV text files. The contacts data or the Interface Binding
details calculate, mentioned in sections above, were generated by the PPI application ready in
CSV format and downloaded and save in text files bearing systematic names according to the
PDB ids and visually defined contact regions.
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The Rasmol scenes for each and every case of found interface binding were created and stored in
relevant JPG image files systematically named in the same fashion mentioned above.

The CSV format was found convenient for parsing by the PHP codes written for the purpose of
data insertion into the database, see next steps in the methodology implemented in this project.

In-House Database Creation

The phpMyAdmin system allows for databases creation through the use of the standard menus
provided for such puposes, see figure. Hoever, this is not very practical for complex kind of
database creation. Through out this project, all database creation including tables generation and
data insertion are created via the use of PHP programming.

£ 4 Gl 2080 0

G weugoogledz/ad., @ Arabldol., - cisels @ LigandsBinding & Structural Bioinfer.. ':_‘ SSFS: Sequence, Str.. (PF) Amino acids. ° Aming Acids - struc. ﬂ RH 2HunelB repa..  » Auires favo

XAMPP for Windows

Welcome to XAMPP for Windows!

Congratulations:
You have successfully installed XAMPP on this system!

++++ ++++ A great thank you to hackattack142 for this new fine Control Panel! ++++ ++++

English ' Deutsch / Francais / Nederlands / Balski/ Ttalizno | Horwegian | Ezpafial / 7 | Portugués (Brasil), 33

Companenis - Linfx
p"P (2t faateten ot Chunl [Sewden Sone Hie

ol &

€0 Collection MR Yol e G e e = B
Biarhythm .
Instant Art a4 " .

Phone Book XAMPP fur Wlndows Ergish Deusch  Fruncs’s sedetands 'ahi Rlisno

Morvwyan: Exparel * 102 Forbugats (2ess!) D001

_ e
1nfo

Jomeal examples XAMPP-Status

2ufdessr Ubersicht karn man sehen wekhe xANPR-Kompcnenten gestartat snd baw, walthe funklionersn,
Sofernnicfits 2n cer ¥onfiguration von RAMPP gedndert wurce, soliten MySQL, PHR Perd, CGEund SSEaktivert sein,

Knmpongsie Status Hhwses

e 10015
phpMyadmin

Fsziiatir MySQL-Datenbani
Mail ' el Pansivi 012 | Comgiled: June 1th 2012 ] 5 -ofx
— XAMPP Control Fanel v3.0.12 s |
20032019
. APACHE Hoduls Hetstat
FRIENDS.. Dieast  Modul  PID{s) Pari{s]  Aktisnen Sl
A e 80440 Stopen| adin | or || logs -’—“Bi-l
1 A v 336 stoppen| advin | _Karig | | tozs —Eﬂj
A el a0 soope| i | kortn | oz _vintize |
e | wn o SECET | ais | v | ton e |
A et s oSS0 Shopen| aimn | Kords | togs || aenin
140707 [iweel] Statusgndanung erkennt geslartel Ej
1407 14 [flezta) Starte Cvenst FikeZille

Figure 57: Create a new database named pp_interaction
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& 2> C O locathost/phpmyadmin/

G wwwgooglesyad. Arabidal. - cuaals @ Ligands Sinding

phpMyAdmin |

R IVL @

(Tables técentes) .. v |

4 cdeel

2 Information_schama
o mydatabase

4 mysal

4  performance_schema
|4 phpmyadmin

1 protein_dalzbase

4 test
14 webauth

€« » e

G wwwgeegledziac.  [H) Arsb ldol. - —asls @9 Loands Sindne

phpMuyAdmin
0 e &0 @

| (Tabiea rdcentes) >
| pp_ineraction .

] dimess

1771 mastor_tabls

| ppl_contacts

L ppi_tmages

| vetramers

] whmers,
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Figure 58: Represents the Interface of the main data in php my admin

A number of PHP codes have been written to create the database schema, tables definitions and
necessary relational links between them.
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& Chxamppihtdocs\ppi_p 18\DBcreation\db_creation.php - Notepad++

Fichier. Edition Recherche Affichage Encodage Langage Paramétres Outils Macro Exécution Compléments Documents 7
sBHBRLA| s Gh oo 2% | BE %1 EREPo® | BED B R| &
“Eﬁb}feﬁﬂiﬂﬁhlﬁ data_insertion php | B indiex php £ | BB trmers_table csv 3| Bl ttramers table cov (3 | B iners table csv 13| B index php (3| Bl master toble ¢

—j<html>

1
2 <header>»<meta http-eguiv="content-type" content="text/html; charset=utf-8" /></header>
3 <head><protein protein interactions</title></head>
4 =] <BODY BGCCLOR=#eeceeee>
5 i
5 i
7 H<2php
8
]

10 Shost="10

i1 $user="root";

12 Spasswoxrd="";

i3 $con = mysql connect("S$host"”, "Suser”, "Spassword”) or die(mysql_error(}):

14 echo "< Connected to <u>LocalHost</u> stccessfulliy</h2>";

15

16 $dbasename="PP Interaction";

17

is8 //mysgl query("drop database if exists $dbasename”) or die("unsble ‘to drop database”);
=] //echo "<h3>Databass: <u>Sdbascname</u> dropped successfully</h3>";
1t Sdbasename”) or die("unable to create database");
2 ed stccessfully</h3z";

3
4 1/
5 A
&
7 [/exit;

$tbll="master table";

mysql_ query ("CREZ TAEI F N XISTS "M, (

B ¢* in

pk’ 1

(U UV I (S T SR W T Fa (R )

oy

=

")) ") or die (mysql error(})://("unable to create ‘table: ".$tbll);

e <u>".$tbll."</u> created successfull/h3>";

W W W W W W W W W WM NN NN NN NN

0w o

S$tbl2="diners";

Figure 59: Depiction of one of the PHP codes implemented SQL
functions developed to create the database and tables schema.

Data Insertion to the database and Retrieval

After the creation of database and tables schema in MySQL, the data Prepared Data inserted into
each table via the use of SQL queries.

The INSERT INTO and related SQL statement have been used to insert new rows in the
database tables (Figure 60a and Figure 60b).
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https://www.tutorialrepublic.com/sql-tutorial/sql-insert-statement.php

|4 Chxamppihtdocs\ppi pri 2019\DEcreation\data insertion.php - Notepads« R
Fichier Edition Recherche Affichage Encodage Langage Parsmitres Outile Macro  Fid c D ts 2

EAEHB 3B shil 2 gz |ER(=T sD.Du!IEmeﬁuﬁ
B _crvstonhp 1] it iramton i 03 |Blnies i (3] Bl s 1 e o 1] B e co ) B s b o 653 B s 1] Bl e e 1]

eE ‘ Svals=array|):
1 [dfor|Si=i ; Si<count|Spdbles) : $14+){
£E2 $vals(]= explode(™:", Spdblsci$i]):
e3 )
24
ES //realpxt (Svala);
BE /lexic;
&9
ea /7 & note on the funcrion addslashes
g3 //.addslashea {Svalalfi] (1)) . <H<LLLILILLRS
,___
1
82 = if(3fige='m=data’) {
23 // dxop and recrzate the master_table taple .. etc.
-2 ]
95 B for|(Si=u;Si<count(Svals) ;fas+=i
or Pif(trim[Sval={3i1101))
o7 $reqinserc= myeql query MINSERT INTO ‘master tables (pdbid, E
ad VALOES |*".addslashes (Erim(Svals[3i][2]))."" , '".addslashes {trim(Svais (3 " addslashes
9 | )
100 acho "<hi>Ddats Sfnserted into ‘<u w.n.sl.—:‘(.ﬂk'..—~,'u ' suco Fully</h3"s
101 }
102 [ elseif($flg=—'dndeta'){
103
109 Sresults= mysql guery("s=lect wt pk, pdbid from mest=s teble whers 17);
105
106 Smsdaca=array(};
while (3dt-mysgl fetch assoc|Jresults))Smsdats[]=0dt;
/lreslprt (Smadata) -
{/exac;
SLrEy="'"7
/"
r"“l for |$1=0;¢i4c0ount ($vala) ;Si+=i)
E foreach Smadata as $1ine)(
. i /
PHP Hypertext Preorocessor file length: 10528 hines: 318 Ln:97 Col:130 Sel:49(1 Windows (CRLF)  UTF-8
Figure 60a: Depiction of an example PHP code implementing SQL statement
data insertion.
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Figure 60b: Depiction from phpMyAmin showing an example of
the Master-table data details after the automatic insertion by the
relevamt PHP script.
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Online Database Creation:

To share the data and the discoveries with the local and international scientific communities, the

database has been made available online by mounting it on the server BioinfornaticsTools (A.

Rachedi, 2012) by the supervisor of this project, who also wrote the necessary scripts to make

the database searchable; that is to provide it with a web-interface for querying the database and

displaying results in a meaningful way.The web version of the database has been named:

Protein Domain:Domain Interactions - Structural & Functional Interface Motifs Database

-(PD:DI-SFIM)

The PD:DI-SFIM database is accessible online via the following URL address:

http://bicinformaticstools.ora/prjs/pddsfms/ (Figure 61)
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Figure 61: The main web interface of the PD:DI-SFIM
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l. Presentation of the results

I. 1. Data Base web access and Querying:

The online version of the database "PD:DI-SFIM " can be uploaded by invoking the URL
address shown in previous chapter. The figure below, shows the interface of the " PD:DI-SFIM "

which has been developed to allow the easy querying of data recorded in the database.

\mn-nnlm ology nd
UNIVERSITY
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Hiomformatics gyoup ’
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Protein Domain:Domain Interactions =
1 - Structural & Functional Interface Motifs Database - :,(.

e
PD:DI-SFIM 4 h
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STRUCT CS 4 B Heterodkner R Re
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Figure 62: Capture of the interface page of the “PD:DI-
SFIM” database. Ellipse shapes and Numbers are for
highlighting the four different ways made available to query

the database.
1.2. Ways to Query the Database and Display Results:

As shown above in Figure 68, the PD:DI-SFIM interface provides 4 ways for searching the
database content. For clarity these ways of searching are highlighted in yellow and numbered in

red color:
1. All Structures:

This list can be used by users, by clicking, to directly explore any protein regardless of its type of

structure.

86



A. Dimers:
This list provides dimer proteins together with their type of being Homo or Hetero.

B. Trimers:

This list provides trimer proteins and their type; Homo or Hetero.

C. Tetramers:
This is the area where users find only tetramers and their types; hetero-tetramers and homo-

tetramers.

D. Interface binding motifs Types:

Results of any search action taken by clicking on one of the areas (1, 2, 3 and 4), shown above,

will be shown in the “Results display area ...” (pink rectangle) as highlighted above in « 6 »

As shown in (Figure 63) below a bar of the discovered motif typeslist. When users click on the
types, like ‘Alpha’ or ‘Alpha_Beta Loop’ etc., a list of PDB ids,where the motifs types exist,

is displayed in a box next to the motifs types list.

Structural Biology ond
< UNNERSITY

Dot sty Biolnformatics-Tools Server | . JRESEES
University of S D - 2 DG
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s s, et e T e
<2

Figure 63: Results for interface binding motifs types details.
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1.3. Search by PDB entries:

As explained above, if the user clicks PDB entries list (1,2, 3 or 4), the search engine of the

database will search accordingly and display the results as follows in Figure 64:

» - UNIERSITY
/7% of SAIDA

iolnformatics-Tools Server S
Biolnformatics-Tools Server _ Y

Ui , Dr:
Monulay Tahar, Algerio.

Protein Domain:Domain Interactions
- Structural & Functional Interface Motifs Database -

PD:DI-SFIM N
All Structures ——————— Dimers———————————— : : I
TATA RECION OF =L SOLLADH
ICTU = THE - sou A B Hewmomar

(Inter"au Binding Motif Types

2 A

SFE A B C Homorme

SN A E E  Homorwer

405E A E C Homommwer

B4 A B C Homormer

Alphs Algha Beta_Loop Alpha_Locp Alpha_Wost Beta Befa loop Bata Most Loop Loop_Rpha Most Locp Beta_Most

CINS I rey - CPIT r+  —— w——— — AT e e

Thers is 1 SFM Motifs
FDE Entry Meric State 3 Damu'mﬁmuro.uA- &,Mms ReFactor
No, { Chain Mottt 2nd Part cnain Contacts Datails
7 Loop Alpha Most
11t

Figure 64: Capture represents the interface after clicking a PDBid “6ms4”.

Where:

1: PDB identity code entry in the PDB database for the protein in question.

2: Protein name.

3: The polymeric state of the complex structure represented by the pdb id and associated
chains.

4,5,6: Display respectively the method of determination, resolution and R-Factor

7: Motifs classes

8: Motif elements

9: Simplified representation of the motif

10: Chain identity code of the protein.

11 :Residues in contact coloured by position in relevant secondary structure element in the
motif.

12: Residues chemical properties

13: the [+] link are to be clicked for displaying details of contacts and graphical Rasmol
scenes of the binding holding the quaternary structure of the protein see Figures 65a, 65b
and 65c¢
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Figure 65a: Screen capture represents enlarged image of motifs after

clicking [+] on the left .
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Figure 65b: Screen capture represents enlarged image of motifs after clicking on
the [+] on the right.
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1.3. Proteins Binding Details Display:
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Figure 65c: Screen capture represents enlarged interface bonding contacts details. The
mark [+] is to be clicked to show the table for the protein binding details. For details refer
to Chapter I1.

I1. Properties of the interface binding environment:

I1.1. Amino-acids types involved in the binding:

The properties of the amino acids (the hydrophobicity, polarity, ...) allow them to bind
specifically with the secondary structures constituted each motif, which results a functional

motif.

The table below shows types of amino acids are involved in the binding and each is

characterized by specific properties the color of each amino-acid was chosen according to LESK

classification

Table 11: Residues type shown arranged by their chemical properties. = small non-
polar.Green = hydrophobic. = polar. Red = negatively charge.Blue = positively charge.
PROPERTIES AMINO-ACIDS ‘
Small non polar A, S,

Hydrophobic C,V,LLL,P,FY, MW

Polar . Q,

Negatively charge D, E
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Positively charge

K, R
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11.2. Types of bonds in the binding:
The Van Der Waals interactions are not a hard binding system they arise from electron force
attraction which allows to the molecules to be very close to one another.

The accumulative effect binding of the van der waals interactions (when the van der waals
number > 4) give a strong system binding to the molecules.

Tablel2: Depiction of part of theBond types characterizing the Interface Binding regions:

where ‘++++++++++++’indicates most type of contacts and ‘+++’ fewertype of contact.

The rest of the data is found in the index.

HYDROGYN BOND VAN_DER_WAAL
S
+++ ++++++H++H+
+++ e+
+++ +H++++H++H+
+++ e+
+++ o
+++ +H++++++H+
+++ +H+++++++H+
+++ e
+++ +H++++H++H+
+++ +H++++++H+
+++ +H+++++++H+
+++ e
+++ +H+++++H+++++
+++ e
+++ +H+++++H+++++
+++ e
+++ +H+++++H+++++
+++ +H++++++++++
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As it is noticed all the chosen proteins contains vander waals and hydrogen bonds for the

following reasons:

e Hydrogen bonds provide many of the critical, life-sustaining properties of water
and also stabilize the structures of proteins.

e Hydrogen bonds occur in inorganic molecules, such as water, and organic
molecules (proteins).

e Van der Waals attractions can occur between any two or more molecules and are
dependent on slight fluctuations of the electron densities.

e While hydrogen bonds and van der Waals interactions are weak individually, they
are strong combined in vast numbers.

e As they are non-covalent bonds it allows the denaturation of the proteins the latter

is one of the known properties of proteins.

11.3. Types of secondary elements in the interface binding regions:

On the interface each residues (Amino-acids) take the same color as the element of the motif
with which it is linked in the example bellow the residues tyrosine and serine (Y, S) are linked
with a loop (L) et tyrosine, threonine, Alanine (Y, T, T, A) are linked with a beta-sheet, the
Methionine ( M) is linked with a loop too and the Glutamic acid (E) is linked with a beta-sheet.
So a functional motif is formed of a linkage of amino-acids and secondary structure elements (H,

L, S).

There are 6 SFM Mofifs:
PDB Entry Title Meric State Determninafion Method Resolution R-Factor
AAVSTAL STRUCTURE OF DAGK a7kl 310M TRANS THYRETIN HomoletramenABCD
SV ;_;t\_:h?_s RUCTURE OF DACH FE7ML110M TRANSTHYRETIN 7 X RAYDIFERACTION 170 153
TS B.ADICADIDAIAD
No. ! Chain Motif 1st Part Motif 2nd Part Chain Contacts Details
moirype: Beta Loop Beta_Loop
Motif Mako: LS
TOONS Rep.: ==y~ —t o
B Res. Posn.: ¥ AYTSTSY A
Res. Prop.: MEY Y Y Y
Graphics: + 4]
BE- Ho

Figure 66: Screenshot shows the result page after the selection of a PDBId.
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I11. Interface Binding Motif Classes:

111.1 Motifs 3D-Graphical Representation:

The images below, Tablel3, represent the RasMol 3D-graphical representation (scenes) of some

of the binding motifs associated with the PDB entries selected in this study. The full list of the

scenes are listed in the Index.

e The 3D representation of all the scenes (1, 2, 3, 4) allow for the graphical visualization of the

type of motifs in local depiction in scenes 1 & 2 and in global view in scenes 3 & 4.

Tablel 3: 3D representation of the binding motifs in four scenes (1, 2, 3, 4)

PDBIid Scenel Scene2 Scene3 Scene4d

1ladu

lafw

1bd0
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111.2 Motifs Classes:

This study has revealed 10 class types based on the types of secondary structure composition, see

also Table below:

1. Alpha[wwer]:

This type of protein chains binding motifs is entirely made of helices (a-helices).

2. Alpha_Beta_Loop [ wwwwmmmsy ——— ]:
This type of protein chain binding is a mixture of helices (a-helices), beta-strands (*) and

loops.

3. Alpha_Loop [ vy ——— ]:

This type of protein chain binding motifs are made of helices (a-helices) and loops only.

4. Alpha_most [ wwww+++ ] :
In this case the most secondary structure elements are helices (a-helices) but may contain

few beta-strands and loop regions.

5. Beta| ]:

This type of protein chains binding motifs is entirely made of only beta-strands (*).

6. Beta_Loop [ === ]:
A couple of secondary structure element types enter into the constitution of this type of

binding motifs which are: Beta-strands and loops (no helices)

7. Beta_most [ +++ ] :
Most of the protein chain binding motifs in this case are made of beta-strands (*). Few

helices and loops may be part of.

This type of protein chains binding motifs is entirely made of loops.

9. Loop_Alpha Most [ == w4+ ]
In this case, most of secondary elements involved in making this type of binding motifs

are loop regions and few helices (no beta-stands).
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10. Loop_Beta_most [ ===y +++ ] :
In this case the most of secondary elements involved in making this type of binding

motifs are loop regions and few beta-stands (no helices).

(*) Beta-strand may exist individual or arranged in Beta-sheets or mix of.
Table 14: Classification of the Portein-Proyein Binding Motifs and associated

examples of proteins structures (PDB ids). Names of classes are followed by

cartoon representation of the secondary structure elements

Classes Examples

Alpha [ ]
HHHH / HH 1xk4
HH / HH 2nbl
H/H ayli
Alpha_Beta_Loop [ ]
HLHSH / LHLL 4b3h
HLHSLHLLHH / 5tcf
LLLLLH
HLH / LSHSL 6b2e
HLSHLH /LSLH 1t0a
Alpha_Loop [ JHHL /|
5eil
HH/LL 4b3h
HL/LH 4nuv
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http://bioinformaticstools.org/prjs/pddsfms/index.php?pid=1xk4
http://bioinformaticstools.org/prjs/pddsfms/index.php?pid=2nb1
http://bioinformaticstools.org/prjs/pddsfms/index.php?pid=4yli
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Alpha_most[ www»
++

+ JHHH / HHHL

HHH / HLHL

HHH / LHL

HHLHLHHHLHH / HLHHLH

Beta [ ]
SSSS/ SS

SS/SS

S/ &8

S/S

Beta_Loop [ ]

LSLS/LS

L/S

Loop_Beta_most [ +++ ]

LLLSLLS/LSSLS

LLSLSSLLSSS/LLSLSLLL

SL/LSL

99

2wQi

2wqi

4nuu

2Xpi

5llv

1mep

2qpf

1n9m

5llv

1kkc

4lnr

3mez

5llv



Beta_most [ +++ ] :

HLHSSLS /LS 1dbf
HSHHSLS / SLSS 3djh
LHLLLSSSLHHSS / LHSLSSHS 6b2e
LHSSLS /LSS 1dbf
Loop [ ——]
LLLLLL/LLLLLLLL 6a0a
LLLLL/LLLL 6a0a
LLLLL/LLL 6a0a
LLLL/L 6bfs
Loop_Alpha_most [ = ey +++ |
LHLHHLLLLHLLLL /HHLLLH 5059
LHL /HL 1cbm
LLHLHH/LLHLH 1kkc

LLHLLHLHHLLLHLL /HHLLLHHL 5g5h
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http://bioinformaticstools.org/prjs/pddsfms/?pid=5g5g
http://bioinformaticstools.org/prjs/pddsfms/?pid=1cbm
http://bioinformaticstools.org/prjs/pddsfms/?pid=1kkc

IV. Properties of the motifs:

1. Motifs continues in space but not in sequence:

The secondary structural elements that form the motifs are continues in the 3D-space though
they may belong to different regions in the sequence. To illustrate such a property, the PDB
entry 6ms4 which represent the crystal structure of the density-regulated protein (DENR) and the
malignant T cell-amplified sequence 1 (MCT-1/MCTS1) oncoprotein, as an example to

understanding the situation.

Since this is a dimer made of two chains A and B there’s one two-parts binding motif each
associated with one of the chains A or B. It’s the structural motif binding the interface and hence

holing the chains together in the dimer, see figure 67.

. . ‘ -
] 101106 H % d )
2 ; 06 H: 3 van der
A 102 ILE cof < ’ NoSSE | OH VR 4 B 351 |y
A 103 Lys c6 101406H: | o ssE] | cot ™R 46 = sy, | Jander

1 Waals
- 101-106 H: . n van der
A 106 LEU et ! NoSSE | CB ™R 4 g e[S
<131 1365: ) 4044 H: van der
=13 3 %
A 136 ALA c8 b : OH YR @ B |

A 120 LYs CA NossE | J0MH] | ep 6LU 2 B e |

o .
A 130 Lys CA { nosse ST | e 6L Py B g5 |

40-44 H:
5

van der

<
A 129 Lys CA No $SE b

0E2 GLY 42 E 3.72

- LA

Figure 67: Represents the binding details of partial motif-1*-part1 HSL (chain A), in black,
bound to partial motif-2"d-part LH, in red.

The amino acids numbering reported above show clearly that the motifs are distant in sequence
context but close in space as shown in figure 69 found below. The full motif-1%-part and motif-

2"%-part are shown in figure 68.
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There is 1 SFM Motifs:

PDB Entry Title Meric State Determination Method Resolution Facior
Heterodimer/AB
NS4 CRYSTAL STRUCTURE OF THE DENR-MCT-1 COMPLEX [ Y-RAY DIFFRACTION 200 233
No.! 2 ; Contacts
Chain Motif 1st Part Motif 2nd Part Chain Details
moiiType: - Alpha_Beta_Loop Loop_Alpha_Mos
Motif Make: HS LL
Toons Rep.: ¥V ~menees - amecsse P H
118 Res.Posn: IKLAKCH PLYPYYYEEV m B
Res.Prop;  QHKYPFIKLAKQHLLNWH PLYPYYYEEVLM

Graphics: “ ¥ “ [

Figure 68: Information about the binding motif associated with the PDB id 6ms4 annotated
in the PD:DI SFI database.

Figure 69: The 3D-structure of the interface binding motif

HS in red (chain A) / LL in yellow (chain B).
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2. Multi-units/chains:

As also explained above, these motifs in their basic form are intrinsically made of two

motif units which are bound to each other (Figure70) considering the quaternary

structure of the proteins chosen. This is in contrast with the motifs created in a previous

study “Citric Acid Cycle Enzymes Research on the Function and Structure
Relationship Bases” (Salem and Mebarka, 2016, SALEM Abdellahi and RACHEDI
Abdelkrim, 2017) and in related studies (Abdellahi Ould Ahmed Salem et.al., 2018)

where the motifs for ligands binding are most of time single unit based, see the figure71

below.

Al S T -Ties ~Hanes

- e Becing Noif Ties

Find CAC 3FMs by Enzymes

CITRATE SYNTHASE
ACONITASE

HYDROGEMASE
EHYDROGENASE
ETASE
DE DEHYDROGEMASE
1 -PYRROLINE-5-CARBOX YLATE DEHYDROGENASE
5 |ATE DEHYDROGENASE

]

L

<< Click on the list to find out

Find CAC SFMs by PDB entries

14J3 1IXE 2CEX 2P2W IRSE BCSC 1ACO 1FGH LSJ 1MW 1 << Click on the list to find out .

Mba Agta Loy Mot loy Al B B la B few Lo Lo Agta el L B

Y MW e i PO - - A it -

T | ¥

Aty It Meim [ewmitel beto iR

Fin s

i DRI

o O Wk izt (a  (nteslek
Wi Ahi et Lo L0 Alphe e
Trnis: Mt —-

1 phm MO I RPN

s CHKYPRICLAKQALLINR  PLIBYYYEEVLY

;‘r‘s II' IE'

Find CAC SFMs by Ligands
GIT FLC 50X TRA ATH ICT AKG SCA SIN FUM MLT

There are 4 SFM Motifs:
PDB Entry Title

206X Citrate synthase XRAY

Motif No. / Chain Mode

» Struc!

»sqerce: FIMN

114 > Graphics rept: l
> Graphics rep2: l
» Graphics rep3: l

Determination Method

<= Click on the list fo find out .

Resalution R-Factor

140 02
Bound Ligand .
{(Nor,inpg)  Show Details
[
o 8
11366)
[
[

Figure 70: Double interface binding
motif as shown in capture of the main
page of “PD:DI-SFIM”.

Figure 71: Single ligand binding motif as

shown in capture of the interface page of the

”CacSFMs” database.
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Discussion:

The classification obtained in this study shows that the motifs consist of a single type of
secondary structure (alpha family, beta family, loop family) are functional so that each of these
protein binding can work individually there is no collaboration between the three secondary

structure elements.

Contrary to what is common that loop regions are only connectors between secondary structure
elements in the overall three-dimensional structure of proteins. The Loop family gives the

indication that loop regions may play important roles in protein biological functions.

The presence of van der waals and hydrogen interactions in all the motifs has an interest in the
dissociation and reassociation of the structures as in the case of hemoglobin or their units can
dissociate easily thanks to the weak interactions.

Conclusion:

This study has set out to try and contribute in understanding the basis of Structure-Function
relationship in macromolecules; protein is the case of this study, And also that complex
proteins to carry out their function they rely on may aspect one is the binding regions which

have been define in this study as motifs.

As shown in previous chapters, the contribution of this study has been to define, characterize
and classify basic units of structural natural, called here as binding motifs that are
responsible to some degree in assembling the proteins tertiary units to make the quaternary

structure (dimmers, trimers, tetramers).

Doing such detailed study clearly contributes toward understanding and solving the

outstanding structure-function relationship problem.
The structural elements (a-helices, f-strand and loops) in the define and characterized binding
motifs are seen by this study as providing the structural support on which the functional

elements.
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The identification of motifs and their collection in a database can help widely in the discovery
of proteins that have a similarity in relation to their motifs and therefore their functions.
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ACETYLTRANSFERASE FROM

MYCOBACTERIUM TUB
COMPLEX WITH COENZYME A

DIFFRACTI
ON
X-RAY

DIFFRACTI
ON

X-RAY

DIFFRACTI
ON

X-RAY

DIFFRACTI
ON

X-RAY

DIFFRACTI
ON

X-RAY

DIFFRACTI
ON

X-RAY

DIFFRACTI
ON

X-RAY

DIFFRACTI
ON

X-RAY

DIFFRACTI
ON

=

=

=

=

=

=

18.
74
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1MJ

AND KANAMYCIN A
STRUCTURE-BASED
ASSIGNMENT OF THE

BIOCHEMICAL FUNCTION OF

X-RAY

DIFFRACTI
ON

=

21
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SN
F8

Sl7

SE
ZF

1ji

1slu

213

199

4yli

6B2

HYPOTHETICAL PROTEIN
MJOS77:

A TEST CASE OF STRUCTURAL

GENOMICS
SOLUTION STRUCTURE OF

DETERGENT-SOLUBILIZED
RCF1,

A YEAST MITOCHONDRIAL
INNER MEMBRANE PROTEIN

INVOLVED IN RESPIRATOR
/v

SUPERCOMPLEX FORMATION

HUMAN DPP4 IN COMPLEX
WITH

A NOVEL TRICYCLIC HETERO-
CYCLE IN
RACEMIC CRYSTAL
STRUCTURES OF PRIBNOW BOX
CONSENSUS PROMOTER (PBCA)
CRYSTAL STRUCTURE OF THE
APR-APRIN COMPLEX
RAT ANIONIC N143H, E151H

TRYPSIN COMPLEXED TO A86H
ECOTIN
STRUCTURE OF THE DAP12-
NKG2C TRANSMEMBRANE
HETEROTRIMER
G PROTEIN HETEROTRIMER
MUTANT GI_ALPHA_1(G203A)
BETA_1 GAMMA_2 WITH GDP
BOUND
CL-K1 TRIMER

STRUCTURE OF FULL-LENGTH
HUMAN AMPK (A2B2G1) IN
COMPLEX WITH MOLECULE

ACTIVATOR SC4
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SOLUTION
NMR

X-RAY

DIFFRACTION

X-RAY
DIFFRACTION

X-RAY
DIFFRACTION
X-RAY

DIFFRACTION

SOLUTION
NMR

X-RAY
DIFFRACTION

X-RAY
DIFFRACTION
X-RAY
DIFFRACTION

N



2ba

STRUCTURE OF YOSS, A

PUTATIVE DUTPASE FROM

X-RAY

DIFFRACTION
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BACILLUS SUBTILIS
Skew SIGNALING PROTEIN X-RAY 2 19.8

DIFFRACTI
ON
S5Kev SIGNALING PROTEIN X-RAY 2 26.5

DIFFRACTI
ON

= -

The rest of master table of the proteins selected for project’s study

1YCS A HT
B

6MS4 A HT
B

517U A HT
B

SEZF A HT
B

4RLJ A HT
B

4LWS A HT
B

4PSE A HT
B

1JIW [ HT
P

1SLU A HT
B

4KO0 A HT
B

4P5D A HT
C

4RLW A HT
B

4RLU A HT
B

BNRX A HM
B

6HAT A HM
B

4RLT A HT
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2RVQ C HT
D

2MY2 A HT
B

2MY3 A HT
B

4BEH A HT
B

2LBF A HT
B

2KSO A HT
B

1LQ9 A HM
B

1M4l A HM
B

1AFW A HM
B

1CNZ A HM
B

1BDO A HM
B

1A4U A HM
B

1LK9 A HM
B

1BJW A HM
B

1JFL A HM
B

IMJH A HM
B

6FV5 A HM
B

EXLV A HM
B

5EXLV A HM

W

B

6E4H A HM
B

50EK A HM
B

5NOC A HM
B

5US5 A HM
B
1Z

[




2135 A HT
B
50HD A HT
B
5kew A HT
B
5kev A HT
B
5NF8 A HM
B
The rest of dimers table
Pdb Cha Type Remarks
Id in
3FW A HM Chain AAA-fixed
T A to be -> ABC
A
5EIL A HM
B
C
5Y6U A HM
B
C
3HF A HM
E B
C
5WM A HM
N B
E
4CG A HM
B B
C
D
E
F
6A0A A HM
B
C
6BFS L HM
H
C
50C L HM
K H
A

113




1J7H A HM
B
C

1DBF A HM
B
C

1S55 A HM
B
C

1S7TM A HM
B
C

1TOA A HM
B
C

3DJH A HM
B
C

6AK A HT
L B
C

6B2E A HT
B
C

4LN A HT
R B
C

ANU A HT
u B
C

5NF8 A HT
C
B

2MK A HT
C B
C

5G5 A HT
G B
C

5G5 A HT
H B
C

1GG A HT
2 B
G

4YLI A HM
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O mX>Ow

2BA H
Z
All selected trimers
Pdb Chai Type Remarks
Id n
5YU A HM
F B
C
D
4J3H A HM Chains ABAB
B fixed to be
A ABCD
B
5LL A HM
\Y B
C
D
1S5Y A HM
B
C
D
2WQ A HM
| B
C
D
1IME A HM
P B
C
D
2KEI A HM
B
C
D
4D2H A HM
B
C
D
E
D
G
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3KG A HM Chains ABAB
T B fixed to be
A ABCD
B
1CB A HM
M B
C
D
4MIF A HM
B
C
D
4MI A HM
G B
C
D
1KK A HM
C B
X
Y
IN7Y A HM
B
C
D
1N9 A HM
M B
C
D
2NB1 A HM
B
C
D
3NQ A HT Chains ABAB
U B fixed to be
A ABCD
B
4B3H A HT
B
C
D
2XPlI A HT
D
B
E
6CG A HT
A C
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B
D
2P22 A HT
B
C
D
4NU A HT
\ B
C
D
5TCF A HT
B
C
D
1TAF A HT Chains ABAB
B fixed to be
C ABCD
D
3NGJ A HT Chains ABAB
B fixed to be
C ABCD
D
3VIR A HET
B
C
D
2WT A HET
T B
C
D
E
F
G
H
1XK4 A HET
B
C
D
2YF A HET
W B
G
H
2ZY A HET
Z B
C
D
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The rest of tetramers table
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Scenel Scene2 Scene3 Scene4

4d2h
«H

»

4j3h

4ko0

Alnr

4lws
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4p5d

5eil
« A

»

5eil
«B

»

5i7u

123



Sev

5llv

124



5nf8

5noc

5o0ck

50ek

125









5y6u
«B

»

5y6u
«C

»

5yuf
« A

»

Syuf
«C

»
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6a0a
«B

»

6a0a
«C

»

6bfs
«C

»

6bfs
«H

»
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6E4

6MS

ladu

lafw

130



1bdO

1bjw

1cb

«C

»

1cb
m D
28-
62 3
0-
41 6
1-49

131



1cb
m_D
100-
111
124-
144

lcnz

1dbf
«B

»

1992
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A4l A ain

11k9

1199
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1t0a
« A

»

1t0a
« B»

1taf
« A

»

1taf
«B

»

1xk4
«C

»
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2wtt
« A

»

2wtt
« E»

144












3me

« D»

3nqj
«B

»

148




3vor
« A

»

4b3h
«D

»

4beh
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4d2h

« F»
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Level of bonds in each structure

HYDROGYN VAN_DER_WAA
BOND LS

6A0A +++ bt
4CGB +++ +H++++HHH++++
6BFS +++ ottt
SOCK +++ A
3HFE +++ AR,
SYUF +++ e
SLLV +++ FAFRIEUIEIA
2WQI +++ b
2KEI +++ bbb
1IMEP +++ b
185Y SRS FRrSIrA RN WA
3NQU +++ bbb
4B3H +++ S
2XPI +++ bt
6CGA SR P
2P22 +++ b
SWMN it PRI,
1J7H +++ bt
1DBF +++ S
1855 +++ bt
3FWT S bbb
SEIL +++ bbb
SY6U A e
1S7T™M +++ PRI
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1TOA SR PR UFAINFAFFArSorS
3DJH +++ bt
4J3H 25 T+t
4D2H +++ +++++++HH++++
3KGT S N
CBM +++ b
AMIF SR e
AMIG +++ +++++++HH++++
1KKC e AT RFRI NN,
IN7Y +++ FErS
INSM PR Nt
2NB1 +++ ottt
4ANUV SR ++++++
STCF +++ P
1TAF +++ AR,
3NQJ +++ PR
3VIR +++ FRRRTURIIES A
2WTT +++ b
IXK4 S N
2YFW 4+ b
2ZY7Z +4++ Fr IO RO
2QPF 4+ b
3MEZ S ettt
1XOF +++ ottt

KSO +++ bbb b
1YCS +++ bbbt
2L BF +++ bttt bbb
2RVQ +++ +HH+H b+
2ZMY?2 S bbb
2MY3 +4++ e
4BEH T ++++++
4RLJ +++ +H++++HH
4L WS +++ ++++++++H++++
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4P5E e+ +HH+ b+
4KO0 +++ ++++++++++++
4P5D o+ +H+tt b+
4RLW +++ +++++ b+
4RLU +++ ++++++++++++
4RLT +++ ++++++++++++
5G5G +++ +H++++++++++
5G5H AFARE i
4LNR +++ +H+++H+HHH
4NUU +++ ++++++++++++
SOEK +++ TR
50HD +++ +HHHt b+
SNOC +++ T
S5US5 +++ +++++++H++++
6MS4 +++ bbb
SXLV +++ ++++++++++++
6E4H +++ e+ttt
B6NRX +++ Py
6HAT +++ +HH+
6FV5 +++ e
6AKL +++ +H+++++H+ o+
IXLW +++ ottt
1A4U +++ ++++H+
1AFW +++ e
1BDO +++ P
1BJW +++ T+ttt
1CNz +++ bbbt
1JFL +++ ++++++
1LK9 +++ +HH+H b+
1LQ9 +++ ++++++++++++
1M4l +++ +H+++H+HHH
1MJH A M et S
5NF8 +++ +HHtt b+
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a7y +++ bttt
SEZF +++ bt
Ljiw +++ Fh
Islu +++ e
2135 +++ PRI
1gg2 +++ ot
4yli +++ TRt
6B2E +++ e
2baz +4++ bt
Skew +4++ bbb
SKev PR Nt
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