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Summary

Summary:

This project has been undertaken in order to carry out a study in the fundamentals behind

the Structure and Function relationship of proteins.

The understanding of such a relationship is important in the discovery of the biological
function of proteins in both of normal and pathogenic situations. One way to undertake this
kind of study is to analyze the enzymes involved in metabolic pathways and examine their

ligands binding environment.

A set of enzymes involved in the Amino Acids degradation and Urea cycles has been

selected for the study presented in this project.

This study necessitated the use of structural data that represent three-dimensional
structures of the enzymes in complex with their ligands (and/or analogues). The structural
data related to the enzymes involved in the metabolic cycles can be extracted from the

international database known as the Protein Data Bank or the PDB.

16 protein/enzyme structures extracted from the PDB have been analyzed in this study
using the techniques of structural bioinformatics. This has led to the discovery of a set of
secondary structure configurations named in this study as Structural & Functional Motifs
which are deemed to be important in the process of binding the ligands by the enzymes and
hence in the biological function of the enzymes.

This study has identified, defined and characterized the Structural & Functional Motifs
associated with the enzymes understudy and their ligands. The ligand binding details and

graphical representation has been stored in a Flat-Files database.

To share the data and results with the scientific community at the local and international
levels, the Flat-Files database has been uploaded into an online database and made available

on the Internet through the following web address:

http://bioinformaticstools.org/prijs/uadfms

Key words: Proteins, Enzymes, Ligands, Structural & Functional Motifs, PDB, Amino

Acids, Urea, Structure, Function, Databases, Structural Bioinformatics.
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Résumé

Résumé :

Ce projet a été entrepris dans le but de réaliser une étude sur les fondamentaux derriere la

relation entre la structure et la fonction des protéines.

La compréhension d'une telle relation est importante dans la découverte de la fonction
biologique des protéines dans les deux situations normales et pathogénes. Une facon de
réaliser I'étude de la fonction biologique des enzymes impliquées dans les voies métaboliques

est d'examiner I'environnement de liaison des ligands de ces enzymes.

Un ensemble d'enzymes impliquées dans la dégradation et Urée cycles Acides aminés a

été selectionnée pour I'étude présentée dans ce projet.

Cette étude a nécessité I'utilisation des données de structure qui représentent les structures
tridimensionnelles des enzymes dans un complexe avec leurs ligands (et / ou analogues). Les
données structurelles liées aux enzymes impliquées dans les cycles métaboliques peuvent étre

extraites de la base de données international connu sous la Protein Data Bank ou PDB.

Les structures tridimensionnelles de 16 protéines / enzymes extraites de la PDB ont été
analysés dans cette étude en utilisant les techniques de la Bioinformatique Structurelle.
L’étude a conduit a la découverte d'un ensemble de ce qu'on appelle ici comme Motifs
Structurales & Fonctionnels qui sont considérés d'étre importants dans la liaison des ligands

par les enzymes et donc importants dans leur fonction.

Ce travail a identifié, défini et caractérisés ces Motifs Structurales & Fonctionnels
associés aux enzymes de cette étude et leurs ligands. Les calcules et les détails de liaison des
ligands et leurs représentation graphique ont été stocké dans une base de données de type
Flat-Files.

Pour partager les données et les résultats avec la communauté scientifique aux niveaux
local et international, une base de données en ligne a été crée et mis a disposition sur

I’Internet a 1'adresse web suivante:

http://bioinformaticstools.org/prijs/uadfms

Les mots clés: Protéine, Enzyme, Ligand, PDB, Acides Aminés, Motifs Structurales &

Fonctionnels, Urée, Fonction, Base de données, Bioinformatique Structurelle.
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General Introduction

General Introduction:

The biochemical function of a protein is generally dictated by the 3D

structure of the polypeptide chain.

The research in this work is focused on examining the relationship between
structure and function of enzymes which catalyzes specific reactions in the

amino acids degradation and urea cycles.

Enzymes in complex with ligands related to the said metabolic pathways
have been structurally studied using the structures available from the Protein

Data Bank — PDB.

Analysis performed in this project included calculating the binding
environment details between the enzymes and their ligands has led to the
identification, definition and characterization of a set of structural elements
composed of secondary structures and loop regions which hold the residues
responsible for the binding of the ligands and thus the carry out of enzymes
function. Based on such assumptions, these identified elements which are
referred to, in this thesis, as the Structural and Functional Motifs since they
seem to reoccur based on the types of enzymes and the function s responsible

for.
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General Introduction

It should be noted that this project implements techniques that fall under the
field of Structural Bioinformatics as this latter uses informatics science to study

and analyze biological structures such as proteins and nucleic acids.

This project is distributed as follows:

First chapter; which is a literature review thorough the concepts of
metabolism, enzymes, proteins, amino acid degradation, urea cycle, the PDB,
classification of protein structures.

Second chapter describes the Materials and Methods used to study and
analyze the data pertaining to theme of the project.

In the third chapter, Results and Discussion, contains presentation of
the results obtained from the structural data analysis followed by discussion of
what the results may mean and indicate to.

This chapter is ended with a general conclusion around the benefits of the

study and future orientations.
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N
| —



Chapter I: Literature Review

I. Generality on the protein:

Proteins are linear chains of covalently connected molecules called amino acids. Their
sequences are encoded in DNA segments called genes.

Proteins participate in almost all activities that take place within an organism and
perform a huge variety of functions. Some of them are enzymes that catalyze biochemical
reactions, and metabolism. Others have structural or mechanical functions, such as the
proteins of the cytoskeleton, which form a system of scaffolds to maintain a cell’s shape.
Proteins are also important in processes of the so-called immune response, in cell adhesion,

cell signaling, and in the cell cycle. ™

I.1.Protein
. 1.1.Amino Acids

In general terms, an amino acid is a molecule containing both amine and carboxyl
functional groups.
In biochemistry, what really go under the name of amino acids are only the 20 standard
natural amino acids (see figure 1.). With the exception of Proline, these all adhere to the same
template, including an a-carbon to which the amine and the carboxyl groups and a variable
side-chain are bonded. What drives the folding process and thus leads to the final three-
dimensional structure of the protein are the different physicochemical properties of the side-
chains. The amino acids in a protein are linked by peptide bonds formed in a dehydration
reaction. For this reason, proteins are often also called peptides (or polypeptides if they are
particularly long). ™
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NH,

Alanine [Rla/A)

1
NHy

Chsteine (Cys/C)

Histidine (His/H)

I'hmeonine (Thxr/T)

NH 0
HH 2__/\A[)‘L =
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o o
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Glutamine (G1nd0)
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HH,
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Figure n° 1: The 20 standard natural amino acids in their skeletal representation.

In parentheses are respectively their three-letter and one-letter codes. As can be seen,
proline deviates from the scheme the other amino acids adhere to, in that its N-end
nitrogen is involved in an unusual ring with the side-chain. This, incidentally, makes

proline technically an imino acid rather than an amino acid.
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. 1.2. Protein Structure:

Proteins have several different levels of organization. They become highly organized
and efficient biological machines through many types of ionic and molecular
interactions within the protein itself.[

Most proteins fold into unique three-dimensional structures, which appear to be
determined by their primary structure, that is, by the sequence of amino acids actually
composing them. Assembled together in the native three-dimensional protein structure,
the amino acids enlisted in the primary structure organize themselves in regularly
recurrent local structural motifs mostly stabilized by means of hydrogen bonds. The
most common examples of such structural motifs are alpha-helices and beta-strands The
local arrangements of a polypeptide chain are collectively called secondary structure,
while the way in which the polypeptide chain (eventually locally organized in secondary
structure domains) finally folds in the three-dimensional space is called tertiary
structure. The latter is generally stabilized by non-local interactions, most commonly by
the formation of a hydrophobic core, but also through hydrogen bonds, disulphide
bonds and salt bridges. Finally, in many cases, two or more polypeptide chains, called in
this context protein subunits, can form larger complexes, which then constitute what is

commonly regarded as the protein’s quaternary structure. ™

I. 1.2.1. Primary structure:

The primary structur%]is the sequence of amino acids constituting the polypeptide chain:
RiR2. . .Rn

"~

C-Terminal
_end
hY

N-Terminal
end

- ()
Hydrogen ) oxygen ) nNitrogen
© R group Q) carbon == Peptide bond

Figure n° 2: The primary structure of a protein.
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I. 1.2.2. Secondary structure :

The secondary structure represents the local conformation of the polypeptide
chain. Three main types of secondary structures are found: a-helices, f-sheets and
loops.

I. 1.2.2.1.a-helix :

a-helix is stabilized with hydrogen bonds between the C=0 group in the main
chain of residue i and the N—H group in the main chain of residue i+4. In such a
regular structure, all residues are involved in hydrogen bonds. Generally, there are
two other kinds of bonding though they are much less frequent. The 3.10 -helices and
n-helices are characterized by hydrogen bonds between residues i and i+ 3, and
between residues | and i+5, respectively.

An a-helix is geometrically considered as a chain of periodic tours which
correspond to a 5.4°A translation along the helix axis. Each tour contains, on
average, 3.6 amino acids, thus the amino acids are translated 1.5°A along the axis.

The structure of an o -helix is illustrated in Figure n°3. !

Figure n°3: Structure of an a-helix.
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. 1.2.2.2. B-sheet:

A B-sheet is composed of B-strand subunits. A B-strand can be considered as
degenerated helix with 2 amino acids per tour. Each strand interacts with its neighbors
through hydrogen bonds between the C=0 and N—H groups in the main chains. As in
helices, all residues in a regular B-sheet are involved in hydrogen bonds. This bonding

associates the p-strands to each other, making the p-sheet stable. !

B-sheets are separated into two types regarding whether the constitutive B-strands
are: parallel ; antiparallel, which is determined by the direction of the pairing p-strands
(see Figure n°4). The B-sheet structure generated by antiparallel pairing is found more
frequently than the one with parallel pairing, as the former is naturally more stable thanks

to a better arrangement of residues. &

(a) (b)

Figure n° 4: Antiparallel pairing (a) and parallel pairing (b) of -strands.

. 1.2.2.3. Loop:

Loop, also known as random coil, is the all other category of secondary structure.
In general, loops are not structured in the way that a-helices or B-sheets are; they are the
portion of the protein that resembles “cooked spaghetti”. They can be flexible or rigid,
and usually serve as connectors between a-helices and p-strands.

Sometimes, the term “secondary structure” is used to refer to the portions of the
protein for which the secondary structure is structured: a-helix and p-sheet. In particular,

the term secondary structural elements refers to the non-loop regions of the protein. !
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I. 1.2.3.Tertiary structure:

The tertiary structure is the tridimensional conformation of the polypeptide chain, i.e.
the relative coordinates of all atoms constituting the protein. This level of structure is
essentially stabilized by hydrophobic interaction. There is a considerable difference on the
precision of description between secondary and tertiary structures. Hence, the super
secondary structure appears as an intermediary description level. This describes the

secondary structure as well as its interactions. ! Figure n°5.

@ - (b)

Figure n° 5: Tertiary structure (a) and super-secondary structure (b)

. 1.2.3. Quaternary structure:

When the protein is a multi-subunit complex, i.e. a composition of several
polypeptides chains, the quaternary structure describes the arrangement of these chains
(stoichiometry, Interaction interface, symmetry,. . . ). Figure n °6 presents the quaternary
structure of human hemoglobin, which is a heterotetramer (02p2) composed of two

heterodimers (ap). !
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l.1.3.Protein Motifs :

The term motif is used in two different ways in structural biology. The first refers to a
particular amino-acid sequence that is characteristic of a specific biochemical function.
An example is the so-called zinc finger motif, which is found in a widely varying family
of DNA-binding proteins (Figure n°7). !

Figure n° 7: Zinc Finger Motif. A fragment derived 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 second, equally common, use of the term motif refers to a set of contiguous
secondary structure elements that either have a particular functional significance or
define a portion of an independently folded domain. Along with the functional sequence
motifs , the former are known generally as functional motifs. An example is the helix-

turn-helix motif found in many DNA-binding proteins (Figure n°g). !
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Figure n° 8: 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 two helices closest to the DNA are the reading or recognition
helices, which bind in the major groove and recognize specific gene regulatory

sequences

This simple structural motif will not exist as a stably folded domain if expressed
separately from the rest of its protein context, but when it can be detected in a protein
that is already thought to bind nucleic acids, it is a likely candidate for the recognition
element. Examples of structural motifs that represent a large part of a stably folded
domain include the four-helix bundle (Figure n°9), a set of four mutually anti-parallel
alpha helices that is found in many hormones as well as other types of proteins; the
Rossmann fold , an alpha/beta twist arrangement that usually binds NAD cofactors; and
the Greek-key motif, an all-beta-sheet arrangement found in many different proteins
and which topologically resembles the design found on ancient vases. As these
examples indicate, these structural motifs sometimes are suggestive of function, but
more often are not: the only case here with clear functional implications is the

Rossmann fold. ). ©!
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Figure n°® 9: Four-helix bundle motif .The four-helix bundle motif can comprise
an entire protein domain, and occurs in proteins with many different biochemical

functions. Shown here is human growth hormone, a signaling molecule.

l. 1.4 Enzymes:

Enzymes are proteins functioning as catalysts that speed up reactions by lowering the

activation energy. A simple and succinct definition of an enzyme is that it is a biological

catalyst that accelerates a chemical reaction without altering its equilibrium. During the

reactions the enzymes themselves undergo transient changes. In the overall process,

enzymes do not undergo any net change. The enzyme catalysts regulate the structure and

function of cells and organisms. !

I. Nature of Enzymes :

Enzymes are proteins. However, without the presence of non-protein component

called cofactor, many enzyme proteins lack catalytic activity. When this is the case, the

inactive protein component of an enzyme is termed the Apoenzyme, and the active

enzyme, including cofactor, the holoenzyme. The cofactor may be an organic molecule,

when it is known as a coenzyme or it may be a metal ion. Some enzymes bind cofactors

more tightly than others. When a cofactor is bound tightly (that it is difficult to remove

without damaging the enzyme) it is sometimes called a prosthetic group. [’

11
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I. 1.4.2. Classification of Enzymes :

By common convention, an enzyme’s name consists of a description of what it does,
with the word ending in“-ase”. The International Union of Biochemistry and Molecular
Biology has developed a nomenclature for enzymes, the enzyme commission (EC)
numbers. The Enzyme Commission divided enzymes into six main classes, on the basis
of total reaction catalyzed. Each enzyme is described by a sequence of four numbers,
preceded by EC.The first number broadly classifies the enzyme based on its reaction
mechanism. ']

e Oxidoreductases: catalyze oxidation/reduction reactions.

¢ Transferases: transfer a functional group (e.g. a methyl of phosphate group).

e Hydrolases: catalyze the hydrolysis of various bonds.

e Lyases: cleave various bonds by means other than hydrolysis and oxidation.

e Isomerases: catalyze isomerization changes within a single molecule.

* Ligases: join two molecules with covalent bonds.

. 1.4.3. Active Site:

Enzymatic catalysis relies on the action of amino acid side chains arrayed in the
active center. Enzymes bind the substrate into a region of the active site in an

intermediate conformation. [

I. 1.5. Methods of determining protein structure:

Three-dimensional protein structures are determined by two methods: Xx-ray
crystallography and NMR spectroscopy. Protein structures can be determined to a _ne

detail, describing the relative position of every single atom within the protein.

I. 1.5.1. Method of X-ray crystallography :

X-ray crystallography is the predominant method of protein structure determination.
The process begins by growing crystals of a purified protein sample. Once the crystals

have grown sufficiently large, X-ray beams are applied to the crystal,and the structure is
determined by studying the diffraction pattern. While this process might sound simple in

a brief summary, it is not. !,

12
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The procedure for obtaining the protein structure using X-ray crystallography can be
divided into three steps: Obtaining the crystal, Recording diffraction outputs, Processing

diffraction patterns. ©® See figure n°10.

crystals (enlarged view) difiraction pattems electron density maps

Figure n°10: Structure determination by X-ray crystallography.

1.1.5.2 .Method of Nuclear Magnetic Resonance (NMR) spectroscopy:

Nuclear Magnetic Resonance (NMR) spectroscopy does not require protein crystals,
but “merely” a highly concentrated and purified sample of the protein in question, at a
slightly lowered pH. The protein is then put in a strong magnetic field, and subjected to
radio frequency (RF) pulses. This puts the nuclei of certain atoms of the protein in an
excited state, and as they return to equilibrium, they emit RF radiation. Structural
information can then be inferred from the frequencies and intensities of the emitted
radiation and from coupling between the frequencies of individual nuclei. Like
crystallography, determining the structure from the observed data is a complex
modeling process itself, and the technique is not viable on all proteins. Certain proteins
are not stable in concentrated solutions at lowered pH - 4
In general, NMR spectroscopy is not viable on larger proteins due to technical

limitations.see figure n°11.
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Figure n° 11: Structure determination by NMR.

1. Metabolism:

One of the fundamental properties of all living organisms is the process of metabolism,

where by organic compounds are synthesized (anabolism) and broken down (catabolism).

The metabolism (derived from the Greek ‘metabolismos’, meaning ‘change’) of a whole cell
is an extremely complex system, but it can be broken down into subsystems and pathways,
which are comprised of individual reactions that change one compound into another.!

I1. 1. Catabolism of amino acids:

The carbon skeletons of amino acids are important energy sources in some dietary
situations. Use of these carbon skeletons requires proper disposal of ammonia (NH3),

a toxic by-product of amino acid catabolism*%

Il. 1.1.Transaminations :

The nitrogen component of amino acids, the o - amino groups, must be removed
before the carbons can be used in other metabolic pathways.There are several ways
that this can be achieved. The first step in the catabolism of most amino acids is the
transfer of their a. -amino group to a -ketoglutarate where the products are a- ketoacids

and glutamate. This transfer of amino groups from one carbon skeleton to another is

14
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catalyzed by a family of transaminases which are also called as aminotransferases.

Most of the amino acids undergo these reaction except Lysine and Threonine *%

Literature Review

figure n °12.
|
L. P n
R = CH. L.
b OH FLPF . vl L]
H—C M ® —_— H—{ —MH.,
- {0 ]
COO i COO
Oy r-Keto acid
or-Bomino acid a-Ketoglutarate Glutamate

Figure n° 12: Transamination of amino acids.

I1.1.1.1.Aspartate Aminotransferase (ASAT):

Aspartate aminotransferase (AST) catalyses the transfer of an amino group form
aspartate to a-ketoglutarate to form oxaloacetate and glutamate. This transamination

reaction is reversible. This enzyme can also catalyses the transfer of an amino group

from glutamate to oxaloacetate to form aspartate and a-ketoglutarate. %

®,

% Reaction: L-aspartate + 2-oxoglutarate = oxaloacetate + L-glutamate.

CI:DCI‘ CcCOOoO™
COO— ?Hz rI:o:::s- CH-
CHo CHo CHo CHo
| " | — | | o
H-:? MNHa* n:lzzr:u L I:I::—r::- - Hfll MH=
CcCOOo™ COoOo™ COoOOoO™ CO0O™
aspartate o -ketoglutarate oxaloacetate gslutamate

Figure n° 13: Aspartate transaminase reaction.
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Aminotransferases utilize a coenzyme - pyridoxal phosphate - which is derived from
Vitamin B6. The functional part of pyridoxal phosphate is an aldehyde functional group

attached to a pyridine ring. Catalysis involves a Schiff base intermediate. %

This is a typical pyridoxal dependent enzyme. The crystal structure of this enzyme
has been solved. The lysine that forms the Schiff base with the aldehyde of pyridoxal
phosphate is Lys-268. Adjacent to the pyridoxal cofactor is the binding site for
aspartate/oxaloacete. When aspartate binds to the active site of the enzyme the a-amino
group displaces Lys-268 to form the external aldimine . The next step in the enzyme
catalysed pathway is the abstraction of the proton from the a-carbon to generate the
quinonoid intermediate. The general base that abstracts this proton is the same Lys-268.
The protoned Lys-268 then transfers this proton to the aldehyde carbon to generate the

ketamine intermediate. %

11.1.2. Oxidative Deamination :

In contrast to transaminase reactions, oxidative deamination yields an a-keto acid
with release of the amino group as free ammonia. Glutamate dehydrogenase in liver is
the most important enzyme involved. Glutamate is the only amino acid that is rapidly
deaminated — remember a-ketoglutarate collects amino groups on glutamate. Glutamate

dehydrogenase then produces ammonia, regenerating a-ketoglutarate. ¢!

The direction of the glutamate dehydrogenase reaction depends on levels of
substrates, including the ratio of oxidized/reduced coenzymes. After a protein-
containing meal, the reaction proceeds in the direction of amino acid degradation and

ammonia production, but the reverse reaction can also be used to synthesize glutamate

+ +

.Glutamate dehydrogenase is unusual in that it can use either NAD or NADP it

+
usually uses NAD for oxidative deamination and NADPH: for reductive amination,

but doesn’t have to*%

% Reaction: L-glutamate + H,O + NADP" = 2-oxoglutarate + NH; + NADPH + H™.

16
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NH=™
H=> Hx
T OQC = Cr | cCOOoO™

clutam ate I—II
= MNADP)Y*
H2O —4
z ‘l@ NAD(P)H
-
_ H> H> || _ "
QO0OC C C C COO + NHg4
o-ketoglutarate '

Figure n° 14: Reversible reaction catalyzed by GDH.

Il. 2.The Urea Cycle:

Excess amino Nitrogen from amino acids is removed as ammonia, which is toxic to the
human body. Some ammonia is excreted in urine, but nearly 90% of it is utilized by the liver
to form urea, which is highly soluble and is passed in to circulation for being excreted by the
kidneys.

Daily excretion of urea amounts to about 30g with a protein intake of nearly 100g in the
food. It is less with lower protein intake. The urea-cycle starts in the mitochondrial matrix of
hepatocytes and few of the steps occur in the cytosol: the cycle spans two cellular
compartments. The first amino group to enter the cycle is derived from ammonia inside the
mitochondria. Some ammonia also arrives at the liver via the portal vein from the intestine,

when it is produced by bacterial oxidation of amino acids™"

17
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amino
transferases

€

amino
transferases

glutamate
dehydrogenase i

Figure n° 15: The Urea Cycle.

I1. 2.1. The reactions :

Step 1: formation of carbamoyl phosphate from ammonia, bicarbonate and ATP.

CO2 from bicarbonate and NH4 from the two sources mentioned above combine
together in the liver mitochondria to form carbamoyl phosphate in presence of ATP

and Mg2+ by the enzyme Carbamoyl phosphate synthetase | (CPSI).
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«+ Reaction:

H_ O + NHJ* + CO, + 2 ATP

Carbamoyvl Phosphate

mynthetase
i ]
I—IQN—C:—Q—PI-—O:" +2 ADP + P; + 3 H*
o

carbam owvl phosph ate

Figure n° 16: Formation of carbamoyl phosphate.(step 1)

Step 2: Formation of citrulline from ornithine and carbamoyl phosphate.

Carbamoyl phosphate reacts with ornithine transferring the carbamoyl moiety

to produce citrulline: by the enzyme i.e. ornithine transcarbomylase (OTC).

++ Reaction:

1 :I__EII+
I =
H———FL
I C_a L
EL— < — EX " Ll ] 1-
| B _T L Lo i o
H—CI:':—H carbaro o=l '::I:']__
H—r:lz—J:qH31+ rhosphate
1_
) C_':::":::' Cr¥yrmithhise e
I ——=rmithine Tranmns=carhaam oyvlase
I
(:Ij:(::u
I
H—E?—H
—+ HEP oo, =
L — T =+
H—?—H
El:—-:lj—]r-:rjzl:;+
e al- To—caitriallin =

Figure n° 17: Formation of citrulline.
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Step 3: Formation of arginosuccinate from citrulline and aspartate.

Argininosuccinic acid is formed by the reaction of Aspartic acid and citrulline:
the NHz group of the former is linked to — CO group of the latter. The enzyme reqused is

argininosuccinic acid synthase. (ASS).

% Reaction: ATP + L-citrulline + L-aspartate = AMP + diphosphate + N(omega)- (L-

arginino)succinate

GO0 a4
NH, —— |
12 HIN— i
C:C' l '3 | B .
| 1 O=NEE" L i
IleH S | ®: 0
| Argininosuccinate NH
H_?_H X 1H3bT—(:|f—H ngmﬂletase H _(Ij_H
- i >
H—C—H GH, |
| el ATP H—c—H
H—C—H 6 I
| ¥ PP, + AMP H—C—H
Hieeie= aspartate | L+
H—C—NHB_
COOl- T
L-citrulline DD
argininosuccinate
Figure n° 18: Formation of arginosuccinate (Step 3).
Step 4: Formation of arginine
Argininosuccinic acid is cleaved to form Arginine and fumerate by the enzyme
Arginiosuccinate lyase (ASL). Fumerate goes to the pool of TCA-cycle.
% Reaction :
L 22
—
BT 1 .
&—rgEr :‘Li{f,‘. i T_U—Hﬂ“
1 — . - S RO, "
B FT Argininosuaccinase  F ? H " g
! T H—C—H - Al
H—<—H I o S|
B— i — T H—<|:—H =3 ) -l e
e -—i:Z—-l 1+ H_?_N_H; sranstumarate
SO 1 g
AaroilninoSuc clnnate argsifnine

Figure n° 19:
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Step 5: Hydrolysis of arginine to form ornithine and urea .
Arginine gets cleared off to urea and ornithine by the cytosolic enzyme
arginase.(ARGS)

Ornithine is thus re-generated and can be transported in to the mitochondrion to
initiate another round of the urea - cycle.

+ Reaction:

~— 1+ o
=M, BH,
IH ol e 0
e | e [
H—¢—H _  Arginase, B707H | gy Cm
H—(IZ—H - H—(lj—H urea
H—C—H H—?—NH?
H—C—NH," colely
(IZOOI' L-omithine
arginine

Figure n° 20: Formation of ornithine and urea. (step 5)

Il1. 22 Disorders of Urea Cycle Function

Disruption of the urea cycle in mammals may result from impaired portal blood flow,
severe liver disease, lack of urea cycle enzymes, or lack of urea cycle substrates. Although
relatively little is known about urea cycle function in companion animals, data from humans
and laboratory animals may be of some benefit in predicting diseases that may occur

in companion animal species**!
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I1l. The Protein Data Bank (PDB)

The Protein Data Bank (PDB) is a crystallographic database for the three-
dimensional structural data of large biological molecules, such as proteins and nucleic
acids. The data, typically obtained by X-ray crystallography, NMR spectroscopy, or,
increasingly, cryo-electron microscopy, and submitted by biologists and biochemists
from around the world, are freely accessible on the Internet via the websites of its
member organisations (PDBe, PDBj,] and RCSB]). The PDB is overseen by an
organization called the World wide Protein Data Bank, ww PDBM the first link

returned, which is: http://www.rcsb.org/pdb/home

RCSBPDB  Deposit~ Search~ Visuaize » Analyze  Download » Leam ~ More »

Agvanced Search | Browse by Annotatons

Werkwie

- wiisviag 7o R
PpR-101 B EMDatlink ctlilegy ~
PDE-101 et g i ,"““"— .I__Im“ Frovkdtase i

A Structural View of Biology

This resource is powered by the Protein Data Bank archive-information about
the 30 shapes of proteins. nuckeic acids. and complex assemblies that helps
students and researchers understand all aspects of biomedicing and
agricutture. from protein synthesis to health and disease

# Deposit

As @ member of the wwPD3, the RCS3 PDB curates and annotates PDB daia

Q Search

The RCSS PDB buiids upon the data by creating fools and resources for
research and education in mofecular biology, structural biology, computational
(4 Visualize biology. and beyond

# Analyze Insulin and Diabetes

# Download

W | carn

Figure n° 21: PDB — Protein Data Bank.
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I11. 1.File format:
The file format initially used by the PDB was called the PDB file format.

This original format was restricted by the width of computer punch cards to 80
characters per line. Around 1996, the "macromolecular Crystallographic Information
file" format, mmCIF, which is an extension of the CIF format started to be phased in.
mmCIF is now the master format for the PDB archive. An XML version of this format,
called PDBML, was described in 2005. The structure files can be downloaded in any of
these three formats. In fact, individual files are easily downloaded into graphics

packages using web addresses:

o For PDB format files, use, e.g., http://www.pdb.org/pdb/files/4hhb.pdb.gz or
http://pdbe.org/download/4hhb

o For PDBML (XML) files, use, e.g., http://www.pdb.org/pdb/files/4hhb.xml.gz or
http://pdbe.org/pdbml/4hhb

The "4hhb™ is the PDB identifier. Each structure published in PDB receives a four-
character alphanumeric identifier, its PDB ID. (This cannot be used as an identifier for
biomolecules, because often several structures for the same molecule in different

environments or conformations are contained in PDB with different PDB IDs.).2*!

I11. 2.Resolution :

Resolution is a measure of the quality of the data that has been collected on the

crystal containing the protein or nucleic acid ™

I11.3.Refinement factor (R-factor) :

The refinement factor is a statistical value, in percentage, which reflects the quality
of protein and nucleic acid structures and is the main value of the level of errors may be

associated with the final structures.™*’!
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V. Structural Classification of Proteins :

IV. 1. The scop database:

Scop aims to provide a detailed and comprehensive description of the structural
and evolutionary relationships between all proteins whose structure is known,
including all entries in Protein Data Bank (PDB). It is available as a set of tightly
linked hypertext documents which make the large database comprehensible and
accessible. In addition, the hypertext pages offer a panoply of representations of
proteins, including links to PDB entries, sequences, references, images and
interactive  display systems. World Wide Web URL http://scop.mrc-
Imb.cam.ac.uk/scop/ is the entry point to the database (MRCsite).[*®

IV. 2 .CATH:

Cath is a novel hierarchical classification of protein domain structures, which
clusters proteins at four major levels, class(C), architecture(A), topology(T) and
homologous super family (H). Class, derived from secondary structure content, is
assigned for more than 90% of protein structures automatically. Architecture, which
describes the gross orientation of secondary structures, independent of connectivities,
is currently assigned manually. The topology level clusters structures according to
their toplogical connections and numbers of secondary structures. The homologous
super families cluster proteins with highly similar structures and functions. The
assignments of structures to toplogy families and homologous super families are made
by sequence and structure comparisons. CATH, can be reach on the Web at this URL.:
http://www.cathdb.info !

1VV. 3. Classification Levels :

At the top level, each domain belongs to one out of four classes. The class is
determined according to the secondary structure composition. The classes are:
- Mainly alpha Domains with mainly alpha helixes and few beta strands.
- Mainly beta Domains with mainly beta strands and few alpha helixes
- Alpha and beta Domains with both beta strands and alpha helixes
- Other Domains with few secondary structure elements or irregular structures

(i.e., those domains that do not belong to any of the previous classes).!*”!
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Chapter I1I: Materials and Methods

Introduction:

In order to realize the structural study of the ligand binding environment found in the

enzyme complexes selected to study in this project, methods involving informatics, databases

and programming were employed:

The steps followed in to achieve the goals of this study are summarized in the following:

1. Protein structures identification and Data Preparation.
2. Binding details Calculations and Data Mining.

3.

4. World Wide Web Database.

Data Storing and Flat-Files Database creation.

1.Protein structures identification and Data Preparation:

As it has been explained in the previous chapter, the PDB is the database which provides

structural data for proteins and nucleic acids. Every structure in the Protein Data Bank (PDB)

is stored as an entry which is given an identification code or PDB ID.

The structures of the enzymes including the binding ligands involved in the metabolic

pathway understudy have been identified as explained below.

1.1.Protein structures (PDB entries) :

The PDB entries used in this project amount to 16 structures each with its own PDB id.

All of the studied structures have been found to have determined by the X-ray

crystallography method and are list below depending on the degradation pathway cycle

they belong to. Same presentation is done for the ligands found bound in the enzyme

complexes.

The table below represents the list of protein structures in complex with ligands.

Resolution and R-factor which reflect the quality of the structures under study are also

shown in the tables.
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1.1.1. List of PDB entries:

Materials and Methods

ENZYME | CLASS | PDBID | TITLE OF PDB Methode | RESOLUTION R_(\({/il;ue
(angstrom)
Glutamate
dehydrogenase
complexed with X-ray
3ETD . . 2.5 0.239
bithionol diffraction
A
© .
S Bovine
(o)
S 2 3MVO glutamate 3.23 0.261
g 5 dehydrogenase X-ray
N =) . . .
K3 3 complexed with | diffraction
| .
% § eu3+
£ S
5
O Bovine
glutamate
hvdroden 2.94
3MVQ de y(lj Ogg ase;] X-ray 0.223
compléxed with | gifraction
zinc
Crystal structure
@ of human
o = @ Glutamate
= = © -
S 5 3110 oxaloa.cetate _x ray 505 0.180
g S 2 transaminase 1 | diffraction
<2 E (GOT1)
S
©

Table n® 1: List of protein structures used in the study with the
PDB entry, resolution and R-factor which reflect the quality of the structure
(catabolism of amino acid).
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http://www.rcsb.org/pdb/search/smartSubquery.do?smartSearchSubtype=StructureKeywordsQuery&display=true&struct_keywords.pdbx_keywords.value=OXIDOREDUCTASE&struct_keywords.pdbx_keywords.comparator=contains
http://www.rcsb.org/pdb/search/smartSubquery.do?smartSearchSubtype=StructureKeywordsQuery&display=true&struct_keywords.pdbx_keywords.value=OXIDOREDUCTASE&struct_keywords.pdbx_keywords.comparator=contains
http://www.rcsb.org/pdb/search/smartSubquery.do?smartSearchSubtype=StructureKeywordsQuery&display=true&struct_keywords.pdbx_keywords.value=TRANSFERASE&struct_keywords.pdbx_keywords.comparator=contains
http://www.rcsb.org/pdb/search/smartSubquery.do?smartSearchSubtype=StructureKeywordsQuery&display=true&struct_keywords.pdbx_keywords.value=TRANSFERASE&struct_keywords.pdbx_keywords.comparator=contains
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ENZYME CLASS PDB ID TITLE OF PDB
1JDB Carbamoyl phosphate synthetase
from escherichia coli.
]
s Crystal structure of E. coli
4 carbamoyl phosphate
@ 1T36 synthetase small subunit
8 mutant c248d complexed
° with uridine
% 5'-monophosphate.
3
© [<B]
5 &
o % 1A9X Carbamoyl phosphz_ite
2> 5 synthetase: caught in the
E o . .
= S act of glutamine hydrolysis.
o £
c <
@)
Inactivation of the
amidotransferase activity of
& 1KEE carbamoyl phosphate
= synthetase by the antibiotic
acivicin.
_ﬁ @ Crystal structure of human
S g s ornithine transcarbamoylase
S S < 10TH complexed with
& 5
S 2 = n-phosphonacetyl-I-ornithine.
©
5 2 Crystal structure of human
S © . . .
3 £ & 2NZ2 argininosuccinate synthase in
s 2 2 complex with aspartate and
> & citrulline.
©
( ]
L ¥ )



http://www.rcsb.org/pdb/search/smartSubquery.do?smartSearchSubtype=StructureKeywordsQuery&display=true&struct_keywords.pdbx_keywords.value=LIGASE&struct_keywords.pdbx_keywords.comparator=contains
http://www.rcsb.org/pdb/search/smartSubquery.do?smartSearchSubtype=StructureKeywordsQuery&display=true&struct_keywords.pdbx_keywords.value=LIGASE&struct_keywords.pdbx_keywords.comparator=contains
http://www.rcsb.org/pdb/search/smartSubquery.do?smartSearchSubtype=StructureKeywordsQuery&display=true&struct_keywords.pdbx_keywords.value=AMIDOTRANSFERASE&struct_keywords.pdbx_keywords.comparator=contains
http://www.rcsb.org/pdb/search/smartSubquery.do?smartSearchSubtype=StructureKeywordsQuery&display=true&struct_keywords.pdbx_keywords.value=LIGASE&struct_keywords.pdbx_keywords.comparator=contains
http://www.rcsb.org/pdb/search/smartSubquery.do?smartSearchSubtype=StructureKeywordsQuery&display=true&struct_keywords.pdbx_keywords.value=TRANSFERASE&struct_keywords.pdbx_keywords.comparator=contains
http://www.rcsb.org/pdb/search/smartSubquery.do?smartSearchSubtype=StructureKeywordsQuery&display=true&struct_keywords.pdbx_keywords.value=TRANSFERASE&struct_keywords.pdbx_keywords.comparator=contains
http://www.rcsb.org/pdb/search/smartSubquery.do?smartSearchSubtype=StructureKeywordsQuery&display=true&struct_keywords.pdbx_keywords.value=LIGASE&struct_keywords.pdbx_keywords.comparator=contains
http://www.rcsb.org/pdb/search/smartSubquery.do?smartSearchSubtype=StructureKeywordsQuery&display=true&struct_keywords.pdbx_keywords.value=LIGASE&struct_keywords.pdbx_keywords.comparator=contains

Chapter II:

Materials and Methods

Ligase

1J1Z

Crystal Structure of Thermus
thermophilus HB8
Argininosuccinate Synthetase in
complex with substrate

Argininosuccinate

Lyase

lyase

1K7W

Crystal Structure of S283A
Duck Delta 2 Crystallin Mutant

Lyase

1TIW

Crystal Structure of T161D
Duck Delta 2 Crystallin Mutant
with bound argininosuccinate

Arginase
Hydrolase

3KV2

high resolution structure of
human arginase i in complex
with the strong inhibitor
n(omega)-hydroxy-nor-I-
arginine (nor-noha)

3LP7

crystal structure of human
arginase i in complex with
inhibitor n(omega)-hydroxy-I-
arginine (noha).

3CEV

arginase from bacillus
caldevelox, complexed with I-

arginine

Table n° 2: List of protein structures used in the study with the title of PDB
entry, Resolution and R-factor which reflects the quality of the structures

(urea cycle).
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http://www.rcsb.org/pdb/search/smartSubquery.do?smartSearchSubtype=StructureKeywordsQuery&display=true&struct_keywords.pdbx_keywords.value=LIGASE&struct_keywords.pdbx_keywords.comparator=contains
http://www.rcsb.org/pdb/search/smartSubquery.do?smartSearchSubtype=StructureKeywordsQuery&display=true&struct_keywords.pdbx_keywords.value=LIGASE&struct_keywords.pdbx_keywords.comparator=contains
http://www.rcsb.org/pdb/search/smartSubquery.do?smartSearchSubtype=StructureKeywordsQuery&display=true&struct_keywords.pdbx_keywords.value=LYASE&struct_keywords.pdbx_keywords.comparator=contains
http://www.rcsb.org/pdb/search/smartSubquery.do?smartSearchSubtype=StructureKeywordsQuery&display=true&struct_keywords.pdbx_keywords.value=LYASE&struct_keywords.pdbx_keywords.comparator=contains
http://www.rcsb.org/pdb/search/smartSubquery.do?smartSearchSubtype=StructureKeywordsQuery&display=true&struct_keywords.pdbx_keywords.value=EYE%20LENS%20PROTEIN&struct_keywords.pdbx_keywords.comparator=contains
http://www.rcsb.org/pdb/search/smartSubquery.do?smartSearchSubtype=StructureKeywordsQuery&display=true&struct_keywords.pdbx_keywords.value=EYE%20LENS%20PROTEIN&struct_keywords.pdbx_keywords.comparator=contains
http://www.rcsb.org/pdb/search/smartSubquery.do?smartSearchSubtype=StructureKeywordsQuery&display=true&struct_keywords.pdbx_keywords.value=LYASE&struct_keywords.pdbx_keywords.comparator=contains
http://www.rcsb.org/pdb/search/smartSubquery.do?smartSearchSubtype=StructureKeywordsQuery&display=true&struct_keywords.pdbx_keywords.value=LYASE&struct_keywords.pdbx_keywords.comparator=contains
http://www.rcsb.org/pdb/search/smartSubquery.do?smartSearchSubtype=StructureKeywordsQuery&display=true&struct_keywords.pdbx_keywords.value=HYDROLASE&struct_keywords.pdbx_keywords.comparator=contains
http://www.rcsb.org/pdb/explore/explore.do?structureId=3CEV
http://www.rcsb.org/pdb/explore/explore.do?structureId=3CEV
http://www.rcsb.org/pdb/explore/explore.do?structureId=3CEV
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1.1.2. List of ligands:

The tables bellow represents all of the ligands used in this project that are bound
with the enzymes of the Amino Acids degradation (Table n°3) and those bound with
the Urea cycle enzymes (Table n°4):

Ligand | . LIGAND Ligand
ip | H9and name | op uLA Chemistry PDB COD
M 3ETD
Hal fpnne{
GLUTAMIC
GLU ACID C5HI9 N 04 3MVO
3MVQ
HO
PYRIDOXAL- | 3110
PLP 5- C8HION O6 P i i
PHOSPHATE

Table n°3: List of the Ligands in complex with Amino Acids Degradation
enzymes.
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Ligand . Ligand Ligand PDB
Ligand name .
ID Formula Chemistry IDs
1JDB
HaC _
\‘ CH,
Tetraethylammonium / 1736
NET C8 H20 N (1+) ; N 7
lon /
'.|,\r_"; ‘
b R 1A9X
“CH,
1KEE
aH
\\_' i
N-(PHOSPHONOACETYL) =
PAO C7 H15 N2 06 P b 10TH
-L-ORNITHINE {
.Y
//
Ho ..__<\
2NZ2
S 1317
CIR CITRULLINE Cs Hi3 N3 Oy R
Ho 2NZ2
=]
ASP ASPARTIC ACID C,H;NO, Al s 11z

oH
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1K7TW
AS1 ARGININOSUCCINATE Cio Hig N4 Og -
{ér 1TIW
HzM o
NNH NOR-N-OMEGA- C5H12 N4 03 3KV2
HYDROXY-L-ARGININE [
H
2 \\)
HAR N-OMEGA-HYDROXY-L- C6 H14 N4 O3 % 3LP7
ARGININE Hn
'}- rMH
.__)_
HaMN ’
ARG ARGININE co Hié.f+l;l4 02 ‘ 3CEV

P — N H,
Hah'

Table n° 4: List of the Ligands in complex with urea cycle enzymes.

It should be noted that due to the difficulty of producing 3D-structures of enzymes bound

to their natural substrates, analogue of these are used instead; Hence some of the ligands

above are analogues to the natural substrates; for example the ligands NET, PAO, HAR and

NHH are analogues to the natural substrates of this project. The PLP is a cofactor ligand.

These analogues are, in addition, used by the structures’ producers to study the various

aspects of the enzymes binding sites and reaction dynamics.
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2. Binding Details Calculations and Data Mining:

In order to study the structure-function relationship in the selected enzymes,

calculation of the ligands binding environment is necessary.

The Ligand Binding tool; Igb, which is a light version of the bioinformatics
tool “Sequence Structure and Function Server” SSFS [18], [19], has been used to
carry out calculations of the ligands binding environment details through the
url address: http://bioinformaticstools.org/prjs/igb/. This has been done for
all of the 16 PDB entries together with their bound ligand.

The table below, Table 05, is an example that represents the output of the Lgb for the
enzyme Argininosuccinate synthethas and its ligand the Aspartate (id: ASP) as found in
the PDB entry 1J1Z. The Lgb is used as shown in Figure n°22.

| Ligands Binding x

{- i broinformaticstools.ong /o)

PDEBE ID- u1z.; Gol

k!
%
L
A

Figure n°22: Capture the interface of the site Lgb.
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NoSSE | GLY | 119 |cA || | AsP | 530 | oD1 351 | van der Waals

No SSE ‘GLY \ 119 \ CA H ‘ASP \ 530 \ooz 332 ‘vanderWaaIs

NoSSE | GLY | 119 |cA || | Asp | 530 |oxT 375 | van der Waals

E{‘jtlrg’: LIGASE
| Protein-Ligand Environment
; ers?:ieljgs ( Ligand Bonds

Chain Sselm Name | Number | Atom ( Chain | Name | Number | Atom Distance/A BEgZSERI/Ee
| NossE | ALA | 15 |cA || Ase | 530 | o 319 | van der Waals
| NossE ALA | 15 | c || AP | 50 | o 341 |van der Waals
| NossE | ALA | 15 |cB || Asp | 520 | o 361 |van der Waals
| NossE | THR | 16 | N || AP | 530 | C 352 | HBond
| NossE | THR | 16 | N || AP | 530 | O 275 | H.Bond
| NossE | THR | 16 | N || | AsP | 530 | oxT 354 | HBond
| NossE | THR | 116 | cA || AP | 530 | O 386 |van der Waals
| NossE | THR | 116 | cA || | ASP | 530 |OXT 389 | van der Waals
| NossE | THR | 16 |cB || AP | 50 | o 396 | van der Waals
| NossE |THR | 116 | cB | | | ASP | 530 | OXT 334 | van der Waals
| NossE | THR | 16 |oci | | AP | 530 | C 349 | van der Waals
| NossE | THR | 116 |oGL | | AP | 530 | O 382 | H.Bond
| NossE | THR | 16 |oci | | | ASP | 530 |OXT 248 | HBond
| NossE | THR | 116 |cG2 | | AP | 530 | C 367 |van der Waals
| NossE | THR | 16 |ce2 | | AP | 530 | O 357 | van der Waals
| NossE | THR | 116 |cc2 || | ASP | 530 | OXT 332 | van der Waals
| Nosse |Gy | 119 | N || | ASP | 530 | OXT 382 | H.Bond
| NossE 6Ly | 19 |cA || AsP | 530 | ce 34 |van der Waals
|
|
|
|
|
|

NossE oLy | 19 | ¢ || | ASP | 530 | CG 375 | van der Waals
NoSSE | GLY | 119 c [] AP | 530 | oODI 357 | van der Waals
NossE |GLy | 119 | c || | ASP | 530 | OD2 348 | van der Waals
|120-133H:1 | ASN | 120 N | ASP | 530 | CG 3.24 H.Bond
|120133H:1 | ASN | 120 N | AP | 530 | oODL 3.14 H.Bond
|120-133H:1 | ASN | 120 N | ASP | 530 | OD2 271 H.Bond
‘ ASP ’ 530 ’ OD1 3.97 van der Waals

> > > > > > > > > > > > > > P> > P> > P> P> P> > > >

> > > > > > > > > > > > > > P> P> P> P> P> P> > > >

|
|
|
|
|
|
(120-133H:1 | ASN | 120 | cA | |
|
|
|
|
|
|
|

|

|

|

|
|120-133H:1 | ASN | 120 | CA \ | | ASP | 530 | OD2 368 | van der Waals
|120-133H:1 | ASN | 120 c ﬂ | ASP | 530 | ODI 377 | van der Waals
(120133H:1 | ASN | 120 | cB | | AP | 530 | OD2 374 | van der Waals
|120-133H:1 | ASN | 120 | ND2 ﬂ | ASP | 530 | OD2 373 | HBond
| 120-133H:1 | AP | 121 N AP | 530 | CG 36 | H.Bond
|120-133H:1 | AP | 121 N ﬂ AP | 530 | ODI 272 | HBond
|120133H:1 | AP | 121 N | ASP | 530 | OD2 371 | HBond

——
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A 120-133 H:1 | ASP 121 CA A ASP 530 OoD1 3.41 van der Waals
A 120-133 H:1 | ASP 121 CcB A ASP 530 OoD1 2.99 van der Waals
A 120-133 H:1 | ASP 121 CG A ASP 530 N 3.69 H.Bond
A 120-133 H:1 | ASP 121 CG A ASP 530 CG 3.84 van der Waals
A 120-133 H:1 | ASP 121 CG A ASP 530 OoD1 311 van der Waals
A 120-133 H:1 | ASP 121 OoD1 A ASP 530 OoD1 3.97 H.Bond
A 120-133 H:1 | ASP 121 0oD2 A ASP 530 N 2.62 H.Bond
A 120-133 H:1 | ASP 121 0OD2 A ASP 530 CA 3.8 van der Waals
A 120-133 H:1 | ASP 121 0OD2 A ASP 530 CB 3.93 van der Waals
A 120-133 H:1 | ASP 121 0OD2 A ASP 530 CG 3.52 van der Waals
A 120-133 H:1 | ASP 121 0OD2 A ASP 530 OoD1 3.03 H.Bond
A 181-184S:-1 | GLU 184 OE1 A ASP 530 CB 3.77 van der Waals

Table n° 5: The binding environment details of the ASP  bound the enzyme
ASS (PDB id: 1J1Z) as calculated by the Lgb system.

The ligand binding details shown in the above table is organized in the following columns:

» The columns under the title “Protein residues”: These columns show the atoms of
the enzyme residues (AA) that bind with the ligand. The residues are also denoted in
terms of what secondary structure elements (helix, b-sheet or loop) they may belong
to.

» The columns under the title “Ligand”: These columns show the atoms of the ligand,
its number and the ligand id.

» The columns under the title “bond”: These columns represent the distance between
atoms (A: Angstroms) and the possible bonds which can for example be Hydrogen

bonds or van der Waals bonds.. etc.

Using the Igb system, the binding environment details of all the ligands associated with the
16 PDB structures have been calculated, collected and stored into a system of organized files

(see below the section: Flat-Files Database).
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2.1. Binding Motifs Constructions and Representation:

As seen above in the binding details, residues in contact with the ligand belong to

some secondary structure elements.

The table n° 5, see above, report the protein binding residues association with
precise region that may represent secondary structure elements. This annotation has
been used to create patterns that would describe the ligand binding sites in an abstract
manner as is shown in the following example (which is for the ligand ASP associated
with the PDB id: 1J1Z, chain A):

¢ The protein region “No SSE” represents the lack of secondary structure which
means that the binding residues belong to a loop region and is given the symbol L.

¢ The protein region “120-133 H:1” represents the secondary structure a-Helix
and is symbolized as H.

¢ The protein region “181-184 S: -1” represents the secondary structure p-strand
which is given the symbol S.

The pattern representing the binding site of the ligand ASP found in the table above
is represented as follows: LHS.

These patterns which have been created for all of the ligands binding sites appear
to be associated with types of functions and reappear accordingly, see Chapter I11, and
thus they can be better denoted or annotated as being Structural & Functional
Motifs, also referred to below as simply Binding Motifs.

2.2. Graphical Representation of the Binding Motifs:

Graphical representations of the motifs in the ligand binding sites have been
generated by the Rasmol molecular graphics program ! where the helices (H) are
shown as Red ribbons, B-strands (S) as Yellow ribbons and Loop regions (L) as Light

Grey strips.

For reasons of clarifying the ligand binding sites, three types of Rasmol images were
produced for each ligand binding case:
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v' Motif-only, see Figure 23-b.
v' Motif + Ligand , see Figure 24-b.
v" Motif + Ligand + binding Residues, see Figure 25-b.

In order to create the images for the graphical representation of the motifs in the
binding sites, Rasmol program uses a script language that tells it what to and how to
represent the molecular data in the graphical mode as seen in the figures Figure 23-a,

Figure 24-a and Figure 25-a.

2.2.1. Motif-only presentation:

The following is an example of a Rasmol script, see Figure n°23-a, which
generates the Rasmol graphics representation for the motif LHS without showing the
ligand ASP nor the binding residues, see
Figure n°23-b:

Rast.-'lnl Cormmand Lmi - - c

RasMol Molecular Renderer a

Roger Jayle, August 139835
Wer=mion 2.6

RasMoly wireframe off

RamMoly mmlects 115-119:2,120-1233:a2,181-1E684:-a
181 atoms =melected!

RasMol» cartoon

RasMoly> color =tructure

RasMgl> select S520:a

9 atoms selected!

RasMogly wireframe 100

Fa=Moly =mpacefill Z50

Raslol>

Btom: CA 12212 Hetero: A3P 520 Chain: A
RasMoly wireframe aoff

Fa=Moly =pacefill off

Ra=Mogly write ljlz_a_a=p = 520_a.gif
RasMol>

Figure n° 23-a: capture of the RasMol script to create the motif representation
shown in Figure 23-b.
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ILoop (L)

Alpha Helix (H)

Beia Sheet (S)

Figure n°23-b: Capture of RasMol representation of the binding motifs where the
ligand ASP and binding residue are not shown in the case of ASS (PDB id: 1J1Z,
chain A)

2.2.2. Motif + Ligand representation:
The following is an example of a Rasmol script, see Figure n°24-a, which

generates the Rasmol graphics representation for the motif LHS where the ligand ASP
is shown but not the binding residues, see Figure n°24-b:

Roger Jayle, August 13835 -~

Jersion 2.6

RasMol» wireframe off
REa=Mol>» =mel=ct 115-119:2,1Z20-12323:2,181-184:-a
181 ztom= =m=mlect=d!

IFa=Mol» cartoon
Ra=Mol> color structure

RasMoly» =melect 530:a
S atoms =melected!
RasMol» wireframe 100
RasMol» =pacefill 250
RasMol>
tom: CA 122312 Hetero: A3IPF 5230 Chain: A
RasMol» wireframe off
RasMoly» =mpacefill off
RasMol> write l1jls a a=sp a 5230 _a.gif
Ra=Mol> select S5320:a
S atom= =melected!
RasMoly» wireframe 100
RasMoly» spacefill Z50
l[Ra=Mol> color green
Ra=Mol> l

Figure n°24-a: Capture of the RasMol script to create the motif representation
shown in Figure n°24-b.
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LOOP (L)

Alpha Helix (E)

Betfta Sheet (S)

Licand

Figure n°24-b: Capture of RasMol representation of the binding motifs where the
binding residues are not shown but the ligand ASP is shown in the case of ASS
(PDB id: 1J1Z, chain A)

2.2.3. Motif + Ligand+ Binding Residues representation:

The following is an example of a Rasmol script, see Figure n°25-a, which generates
the Rasmol graphics representation for the motif LHS with the ligand ASP and the
binding residues, see Figure n°25-b:
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v T Wy W w

RasMol Command Line

¥

Ra=sMol> color structurs

Ra=Moly» melect 530:a

9 atoms selected!

FasMol>» wireframe 100

Ra=Mol> =spacefill 2350

Ra=Maols»

Slhtom: CA 12212 Hatero: A3P 520 Chain: &
IR;sHul} wireframe off

Ra=Moly> spacefill off

Ra=Mol» write ljlz a a=p a 5230 a.gif
Ra=sMol> =melect 530:a2

3 atom= zmelected!

Ra=mMol> wirsframs 100

Ra=Mol> =pacefill 2350

Ra=sMol> color green

Ra=Mol» write ljlz _a a=p a 530 _ct b.gif
RasMoly seleact 115:2,116:2,199:a2,120:2,121:2,1584:3
453 atoms selected!

Ra=Mol> =pacefill 80

Ra=Mol> =pacefill 120

Ra=sMol> color cpk

RasMol> write ljlz a a=sp a 530 ct c.gif
Ra=sMol:> I

Figure n° 25-a: Capture of the RasMol script to create the motif representation
shown in Figure n° 25-b.

loop (L)

Beta Sheet (>)

Licand

Residues CPK

Figure n° 25-b: Capture of RasMol representation of the binding motifs where
the binding residues and the ligand ASP are shown in the case of ASS (PDB id:
1J1Z, chain A).
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It should be noted here that the three types of the graphical representations shown above
for the case of the ligand ASP in complex with the enzyme ASS (PDB id: 1J1Z, chain A) are
done for all of the ligand binding instances in all of the enzyme complexes studied in this

project, see Index-lll.

3. Data Storing and Flat-Files Database creation:

A Flat-File database , which is a simple schema type of a database, has been created, and to
achieve this, the calculated binding details, seen above, have been stored into text based files
(see figure n°26) and then stored in an arrangement that is based on the types of enzymes and
PDB ids. The same treatment has been applied after storing the Rasmol graphical

representations of the binding sites as shown in Figure n°27.

The binding details for all of the studied enzymes in this project have been stored in the same

way as explained above, see Index I1.
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Fichier Ediion Recherche Mfichage Encodage Langage Paramétrage Macro Exécution Compléments Documents 7
BEBE A4 R0 ‘mbﬂ‘%3|““.p‘.|'=?'-tjﬂ|@ b
E3|v1‘;-"0_F_G|_|J_F_5C2_CT L3 e 2 ) B 3 9 EBIIC_A_PLP_A_T_CTM o E1KF'Iu‘_.i_i.S1_i._TCCi_CTt-i w ETK?‘."J'_E_.iSLBJCCE_CT.trl o EHTZ_A_C\H_A._EZC_CTM W E 17 A ASP_A 530 CTt 8
1 PDB ID LIGANID Residuefo CHAIN  S8E HANGE 5SZ TYFE  [Proteinfesidues LTCM OF LIGAND LTCM OF DROTEIN Distance,"ﬁ BOND TYEE
IoOLNL ase 530 i No 88E L ALR 115 0 2 3.1% van der Weals
3 0 C 3.41 van der Waals
4 0 0] 3.8l van der Waals
5 THR 118 C i 3.52 H.Bond
3 o i 7 H.Bond
7 CHT N 3.54 H.Bond
B 0 A 3.86 van der Waals
§ (KT A 3.89 van der Waals
10 0 o} 3.9 van der Wagls
11 CHT o} 3.3 van der Wazls
12 C OEL 3.4% van der Waals
13 0 051 3.8 H.Bond
14 CHT 051 148 H.Bond
15 C CE2 3.47 van der Wagls
18 0 i 3.57 van der Wazls
17 (KT CEE 3.3 van der Waals
18 GLY 118 CHT N 3.8 H.Bond
13 e A 3.4 van der Waals
20 0Dl ca 3.5 van der Wagls
il 0Dz ca 3.3 van der Wazls
il (KT A 3.75 van der Waals
i e C 3.75 van der Waals
i onl C 3.57 van der Waals
25 0Dz C 3.48 van der Wagls
H3 120-133 ;e AN 120 v ¥ 324 H.Bond
7 il N 3.14 H.Bond
b i N i H.Bond
29 onl A 3.97 van der Waals
30 0Dz ca 3.68 van der Wagls
El oDl C .M van der Wazls
3 0DE 0] 3.74 van der Waals
3 i NDZ 3.7 H.Bond
34
35 120-133 H: 1 AP 121 v i 3.6 H.Bond
3% i} ¥ L0 H.Bond
37 i N 3.7 H.Bond
38 onl A 3.41 van der Waals
39 onl 0] 1.9 van der Waals
40 N & 3.69 H.Bond
i1 L& CE 3.84 van der Wazls
4z onl L& 311 van der Waals
43 il (0 .97 H.Bond

Figure n° 26: Notepad++ example of a file, named 1J1Z-A-ASP-A-530-ct.txt,
which contains ligand binding details for the case of the ligand ASP and PDB id :1J1Z,
Chain A.
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I Flat-Files Database |

ASAT

—*|11s“ ITIW
|

'FE'D-F\'IM
ASAT
= ENESNER
A _4 UDB |[ 1036 |[ 1ae3 |[ 1KEE |
orc 10TH
N ECN T
ASL

e ] i e

\EI
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Figure n °27 : The database schema representing the architecture of the created
Flat-File database; the left side show the arrangement and classification of the
files containing the binding details while the right side of the figure show the
arrangement of the graphics files containing the motifs in Rasmol representations.
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4. World Wide Web Database:

In order to share the data and results with the scientific community both local and
international, the Flat-Files database has been mounted on the server Bioinfornatics Tools?!

by the supervisor of this project, who also developed the programming scripts to make the
database searchable.

This web version of the database has been named. Urea & Amino Acid Cycles Binding
Structural & Functional Motifs (UadSFMs).

UadSFMs database has been created and made avaible at the web address:
http://bicinformaticstools.org/prjs/uadfms
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1. Presentation of results:

1.1.0nline Access and Database Querying:

The online version of the database “UadSFMs” can be uploaded by invoking the URL
address shown in previous chapter, section: World Wide Web Database. The figure n°28
shows the web interface of the "UadSFMs" database developed specifically to render easy

the experience of querying the data stored in the database.

-L";*’=*’1*L“*i‘ﬂ- % | Biolntormatics- 10015 Server
rerriey T Tk
ey, Taada. Alpma [ S

-~

Urea & Amino Acid Cycles Binding Structural & Functional Motifs b
-UadSFMs database- 6

s ) s 3y [aymwn

A S by |ty

" | S W Thrwd B Rl il Cpcbrs Blnifing vl B F omctional Ukssls o ) Ly 1K
P Lhwrrpriay T ot Wlostry Sty :h_,.+
o
= Friac aied 37 I Sarmn el R e ind n Bl propess of W o Sy, S0 0700 ~
Pt B pepmaiad b O Ao Satad ol e Wl ———

Figure n°® 28: The main web interface of the UadSFMs database as captured from
the web address, see next sections for explanations on the highlighted areas.

2.2. Database Methods of Querying and Results Display:

As shown above in Figure n°28, the interface of UadSFMs allows for 3 methods of
searching the database content. For clarity these methods of querying are red colored

and highlighted:

o Area 1: This list allows for querying by clicking on the amino acids
degradation and urea cycles related enzymes.

o Area 2: This clickable list of PDB entries allows querying by PDB entry.

o Area 3: This clickable list of ligands allows querying by ligand id.
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o Area 4: The “Results display area ...” highlighted in green is the space area

where querying results get displayed.

1. 2.1. Querying by Enzymes:

This method of query is allowed through selecting the enzyme to be explored by

clicking on the hyperlinked enzymes list, Area 1 as in Figure n° 29. The search

produces an output page of results that display the ligand binding details that could be

associated with more than one PDB entry.

1.2.2. Querying by PDB entries:

Ligands binding details per PDB entries can be searched by selecting the desired

PDB entry and clicking on it from the hyperlinked PDB entries lists, Area 2 as in

Figure n° 29. The results page would display the binding details associated only with

selected PDB entry.

Find UAD SFMs by Enrpmss

Find UAS SFME by PDE sntriss "
FETC sMve shvalseo BFES 1TI6 1A IKEE - 10TH 2NEZ 13E
Fl e 3

Find AD SFMS by Ligands
SiL FLE NET PAO IR ASE AS1 NNH HAR ARG

FDE Entry | Tise
00 | Aspamete sinotranstErase s—rEy

300 s £ LB S-MaotIre

MiotEt Mo ¢ Chaln KMo

+ soquencd S5 TV

10a :mpmﬁéj_z,- )
- Graphics JBPG:H -
> Craphics repd H

r
| Determanation Method |

C—— ‘R-Factor |

Beouene -
HMbDrinPOE) |

= I~ 1
) |

Figure n° 29: A screen-capture shows the two first method of searching the

UadSFMs database Area 1 and Area 2. The result displayed inside Area 4 are

the produced if the search by PDB entries method is implemented; Area 3: The
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name of protein, Aread: Structure determination method, Area 5: Resolution,
Area6: R-factor, Area 7: Motifs, Area8: Sequences., Area 9: presents picture
of the motif, Area 10: Presents picture of the motif + ligand , Area 11: Presents
picture of the motif + ligand+ Residue, Area 12: Link for details of

contacts ,Areal3: The contact between the ligand and the protein, Area 14: The
image of the motif .

1.2. 3. Querying by ligand id:

The research for the binding details by ligand names is done through selecting and
clicking on the hyperlinked list of Ligands, Area 1, Figure n°30-a.

Find ULD SFMs by Enzymas

GLUTAMATE DEHYDROGENASE
ASPARTATE AMINCTRANSIERASE
CARBAMOYL PHOSPHATE SYNTHETASE
ORNTHINE TRANSCARBAMOYLASE
ARGININCFUCCINATE SYNTHASE
ARGININCEUCTINATE LYASE

ARGINASE

Find UAS SFMs by PDEB antries

SETD SMWO SMWE 30 1JDE 1T36 1ASX IKEE 10TH 2NZ2 1HZ
< | 1] | 3
Find Fids by Ligsnds 1
:—_.I :f:lx:—r A0 CIR AST AS1 NNH HAR ARG
- 2 2 4
1 I
Ligand: 1D | Full Nams 3 Formuts ‘Chemistry
PR P RIDOHAL-S -PHOSPHATE CEHION OGP FLP
Thers are 4 LES-Motifs™: 7 T I
M of MotiTs
. per PDB antry PO'B Entry Titis Determination Method I Resolution I R-Factor g
4 30 Asparzte amihotransierase a-ray 2105 {RF: ]
Bound Ligand
Motit MoJChain Madia J[NEBE.In FDE) Show Detalls
10 J I
B shuetumu-l L I— 16
[+1
11 e ] GG TWN _ AY |
L E RLe x
- TR = Graphics rapls 1) e 15

12 % | =
= Graphics repd:
= Graphics le[[: !

14 hd

Figure n°® 30-a: Screenshot shows the result page after the selecting and
clicking on the ligand from the Ligands List, Area 1. The rest of the results
display is represented as the following: Area 2: Ligand id, Area 3: Full name

of the ligand, Area 4: Formula of the ligand, Area 5: Chemistry of the
ligand .
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It’s here noted that this method of searching by ligands is more comprehensive compared

to the other methods in that the ligand binding results are shown per pdb enteries and per

enzyme types.

If clicked, the url link shown in highlighted Area 16, ligand binding details will be shown,

as seen the highlighted Area 17. The ligand binding details are displayed in the manner that

each existing contact shows the ligand atoms involved in the binding together with the residue

atoms and the particular secondary structure element they belong to in the protein associated

with the PDB entry depicted in the results. This is in addition of showing the

types of bonds and their lengths, see Figure n°30-b.

R . Bound Ligand R
Motif No./Chain Mode ANbr. in PDE) Show Details
= Structure: H L |
> Sequence: G G TW
PLP [#]
114 > Graphics rep1:- 1)
[#]
* Graphics r\ep?:! 1 7
= Graphics rep3:
Protein Chain | Prot S5E Res Nbr | Res Hame | RsAtHame | LgAtMame | Lg Chain | Lg Nbr | Bnd Len | Bnd Type
A 108-124 H: 1 | 108 GLY CA o1P A 1 3.58 van der Wasls
A 108-124 H: 1 | 108 GLY CA 0ap A 1 288 van der Wasls
A 108-124 H: 1 | 108 GLY C o1P A 1 3.76 van der Waals
A 108-124 H: 1 | 108 GLY C 03P A 1 378 van der Wasls
A 108-124 H: 1 | 109 GLY N P A 1 3.59
A 108-124 H: 1 | 108 GLY N o1P A 1 2588 H.Bond
A 108-124 H: 1 | 108 GLY N 03P A 1 3.29 H.Bond
A 108-124 H: 1 | 109 GLY CA o1P A 1 3.9 van der Wasls
A 108-124 H: 1 | 108 GLY CA o2p A 1 3.87 van der Waals
A 108-124 H: 1 | 108 GLY C 03P A 1 3.85 van der Waals
A 108-124 H: 1 | 110 THR N C5A A 1 2.8 H.Bond
A 108-124 H: 1 | 110 THR N o2p A 1 294 H.Bond

Figure n° 30-b: Screenshot shows the result page after selecting a ligand form the

Ligands List. The display show mainly the table of the binding details made by the

ligand with the associated protein.
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2. Binding Motifs and Properties:

The total of 10 ligands studied in this project bound to 70 protein chains associated with

the 16 PDB entries. This resulted in the total number of 70 motif instances of which to 21

binding motifs are unique as shown below in Table n° 06.

L'?gnd Number of contacts | Number of motifs Motifs
PLP 4 1 HLSLSL
SLHSLH, LHLHLH, LHLHH,
GLU 18 8 LHLHLHH, SHSSLH,SHSSLHLH
, SSHSSLH, SLHSLHLH
NET 16 1 LHL
PAO 1 1 LHSLHLHLH
ASP 2 2 LHL, LHS
CIR 5 2 LHLSSLSSH , LHSSSSH
AS1 8 2 HHLHH, HHHLHH
ARG 12 3 HHL , HHHL , HLHLHSHL
NNH 2 1 LHHSHL
HAR 2 2 HLHHSHL , LHHSHL

Table n°6: The ligands and their binding motifs.

In the following section description of the ligands binding motifs, their properties and 3D

representations as per the enzymes and the reaction involved:

2.1. Amino Acids Degradation Reactions:

2.1.1. Aspartate Aminotransferase (ASAT) Reaction:

COeT
CH-=

H::I: — T
éc-cr

P

cCoOoO~
CHax
CHax
o
cI:-:u::r-

aspartate oc-ketoglutarate

—
o4

CcCOO
CcCOO— -tI:H2
CH= CH-
Ilﬁzl‘:‘l -+ HIIE MNHS"
(IZDCI_ (.!:DD_
oxaloacetate gslutamate

Figure n° 31: Aspartate transaminase reaction. Explanation of the reaction can

be found Chapter 1, page 15.
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2.1.1.1. Binding Motifs & their Properties for the ASAT:

+ The Aspartate Aminotransferase in the PDB entry, 3110, is represented by 04
protein chains where each is bound to an instant of the PLP cofactor, see table n° 7.

¢+ The PLP ligand binds therefore only one type of motifs; HLSLSL repeated with
each protein chain.

¢+ The motif instances is made of a mixture of a-helices (H), p-strand (S) and loop

regions (L).
LIGAND ID PDB ID CHAIN MOTIF
A
PLP 3110 B HLSLSL
C
D

Table n °7: Types of motifs linked with the ligand PLP.
2.1.1.2. Graphical Representation of the Binding Motif for the ASAT:

+* As seen above, the ASAT is associated with only one PDB entry, 3110, which is in
complex with only one ligand; the PLP.

% The images below represent the Rasmol 3D-graphical representation of the
binding associated with the PDB entry ,3110, Chains A and B, table n° 8.

% The 3D representation of the other ligand binding motif instances related to the
chains C & D have been created and are stored in the Flat-Files database and in the

online version UadSFMs, see also Index 1.
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. . . L Motif+Ligand+Residue
Codes | Chain | Ligand Motifs Motif+Ligand
s
PLP
A
3110
B PLP

Table n° 8: 3D representation of the binding motifs associated with ASAT from
the PDB entry 3110 (chains A & B).

2.1.2. Glutamate Dehydrogenase (GDH) Reaction:

NHS ™
— H=> H- | .
DO - = - D

cclutsan atre I'!I
= NAaDP)Y"
Hoz0CO -
= "’l@ MNA D P YH
=
H- Ho>

i
|1
g == | ] - s — - COOC - RHg T
cx-lcetogol]l itarate

Cluaatarmate TDDehvwvAdArooenase

Figure n° 32: Reversible reaction catalyzed by GDH. Details of the reaction are given

in Chapter 1, page 17.
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2.1.2.1. Binding Motifs and their Properties for the GDH:

% The GDH in all of the related PDB entries is represented by 18 protein chains where

each is bound to an instant of the ligand GLU which is the natural substrate, see table

ne 9.

« The Ligand GLU bind eight (8) unique motifs which are: SLHSLH, LHLHLH,
LHLHH, LHLHLHH, SHSSLH, SHSSLHLH, SSHSSLH, SLHSLHLH.

+¢ Five (5) of these 8 motifs describe a mixture of a-helices (H), p-strands (S) and loop

regions (L) and the other three (3) motifs are mixture of a-helices (H), and loop

regions only (L), i.e. they lack B-strand element.

Ligand id

Pdb id

Chain

Motif

GLU

3ETD

SLHSLH

SLHSLH

SLHSLH

SLHSLH

SLHSLH

SLHSLH

3MVO

LHLHLH

LHLHLH

LHLHLH

LHLHLH

LHLHH

LHLHLHH

3MVQ

SHSSLH

SHSSLH

SLHSLH

SHSSLHLH

SSHSSLH

MO0 |®@>MMmo|O|m|>Mmoi0|w|>

SLHSLHLH

Table n °9: Types of motifs linked with ligand GLU.

2.1.2.2. Graphical Representation of Binding Motif for the GDH:

+* As seen above, in the case of the GDH, there are 3 pdb entries: 3ETD, 3MVO,
3MVQ binding the natural substrate GLU.

+* The images below, table 10, represent the RasMol 3D-graphical representation of
the binding associated with the PDB entries: 3ETD (Chain:A), 3MVO (Chain:A),
3MVQ (Chain: D).
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+» The 3D representation of all the other binding motifs related to the other chains
and their bound ligands have been created and are stored in the Flat-Files database

and in the online version UadSFMs, see Index II.

] ] ) o Motif+Ligand+
Codes | Chain | Ligand Motifs Motif+Ligand

Residues

s

setD | A | GHU . t%

samvo| B | CLY

smvo| b | GLY

Table n°10: 3D representation of the binding motifs associated with GDH of the
PDB entries 3ETD (chains A), 3MVO(chains B), 3MVQ (chain D).
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2.2. Urea Cycle Reactions:
2.2.1. Carbamoyl-phosphate synthetase | (CPS) Reaction:

H_O + NMHJI* + O, + =2 A TP

Carbamovl Phosphate
Synthetase

I} I}
I—IEN—C—D—]?'—Dl— +2 AP + P, + 3 H*

j [T

carbarn owl phosph ate

Figure n°® 33: Formation of carbamoyl phosphate (step 1). Explanation of the reaction can be

found in Chapter 1, page 19.

2.2.1.1. Binding Motifs & their Properties for the CPS:

+¢+ Carbamoyl-phosphate synthetase in all of the related PDB entries is represented by 16
protein chains where each is bound to an instant of the NET analogue to the natural
substrate; showing one unique ligand binding motif, table n° 11.

¢+ The only type of binding motif which bind the NET ligand is: LHL

%+ This motif is a mixture of a single a-helix (H) and loop regions (L).

Ligand id Pdb id Chain Motif
B LHL
LHL
LHL
LHL
LHL
LHL
LHL
LHL
LHL
LHL
LHL
LHL
LHL
LHL
LHL
LHL

1JDB

17136

NET

1A9X

1KEE

Omo|Pomo(>Poomo|(>X|T|m

Table n° 11: Types of motifs linked with the NET ligand.
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2.2.1.2. Graphical Representation of Binding Motif for the CPS:

< In the case of the Carbamoyl-phosphate synthetase, we have 04 PDB entries: 1JDB,
1736, 1A9X, 1KEE binding a total of one ligand that is analogues to the natural
substrate.

< The images below, table n°12, represent the RasMol 3D-graphical representation of
the binding site associated with the PDB entries 1JDB (Chain E) and 1KEE (Chain A)

< The 3D representation for all the other binding motifs related to the rest of chains
composing the PDB entries 1JDB ,1KEE, 1A9X and 1T36 and their bound ligands
have been created and are stored in the Flat-Files database and in the online version
UadSFMs see also Index. 1.

Codes | Chain | Ligand Motifs Motif+Ligand Motif+Ligand+Residues

~

1JDB E NET

N\ “~\

1KEE A NET

Table n°12: 3D representation of the binding motifs associated with CPS of the PDB
entries 1JDB (chain E), 1KEE (chain A).
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2.2.2. Ornithine Transcarbamoylase (OTC) Reaction :

T —_ — L
E— ! _ 11 11
ET - ET . -
] B _ 1T [ L = ':::'1
Y — - —Fd PPl = e T T :I 1_
1 = Ta Ta T
T [ I T EIL S i = — =F =N = =]
1
1 _
) ':::_':::":::' T e axadathedwn ==
T —w—=xzx3dithii o= T ey s o b aares o Lla se
TTET,
|
(?:C:-
1
H—':::I:—H
—— v, =
L — 7 —— FL =+
H—'Z?—H
EX — < —— TTEITL"

Figure n° 34: Formation of citrulline.. Details of the reaction are given in Chapter
1 pagel9.

2.2.2.1. Binding Motifs and their Properties for the OTC :

+¢ The Ornithine Transcarbamoylase in all of the related one PDB entry is represented
by one protein chain where it is bound to an instant of the PAO ligand which is an
analogue of the natural substrate ornithine. Only binding motif exist in this case,
table n°13.

+* The PAO binds the only motif type: LHSLHLHLH.

+¢* This motif describe a mixture of a-helices (H), loop regions (L) and one B-strand

(S).

Ligand id Pdb id Chain Motif

PAO 10TH A LHSLHLHLH

Table n° 13: Types of motifs linked to PAO.
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2.2.2. 2.Graphical Representation of the Binding Motif for the OTC:

¢ As seen above, in the case of the OTC, there is 01 PDB entry: 10TH binding a
single ligand PAO which in turn binds only one type of binding motif.

% The images below, table n°14 represent the RasMol 3D-graphical representation of
the binding motif associated with the PDB entry 10TH (Chain A).

Motif+Ligand+Resi

Codes | Chain | Ligand | Motifs Motif+Ligand ’
ues

10TH | A PAO

Table n°14: 3D representation of the binding motifs of the PAO ligand associated
with the PDB entry 10TH (chain A).

2.2. 3. Argininosuccinate Synthethase (ASS) Reaction :

COO
|
IIH{; g -A—-'TTJ*H
|_’I:‘_:|.: ‘LirTHl+l’|jH2
o e T 2 oo
| Arygininosuaccinate TH
- A +1 L - _
i CF' 1L i H b —C H Synthetase o T 7(|:7H
H—C——H [ = Y 3 [
H— T Loo! ATE aa D il
—_— CEUENE T
| 1+ . - PP, + ATMAT H—C—H
H_E:I:_NHS aspartate H—(I:— 1+
COO1- I 1-
L-citrulline L COO ,
argznn’lc:-suc!:lnate

Figure n°35: Formation of arginosuccinate (Step 3). Explanation of the reaction can

be found in Chapter 1, page 20.
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2.2.3.1. Binding Motifs and their Properties for the ASS:

% The Argininosuccinate Synthethase in all of the related PDB entries which are
represented by 07 protein chains where each is bound to an instant of the natural
substrats Aspartate and Citruline thus the existence of 07 motifs, table n° 15.

¢+ This enzyme binds to two (2) ligands: Aspartate (ASP) and Citrulline (CIR); the
ASP bind 2 different motifs which are: LHL and LHS. The CIR binds also 2
different motifs which are: LHLSSLSSH and LHSSSSH.

¢ These motifs are of two types: one composed of an a-helix (H), and two loop
regions (L) which is bind only the ASP ligand. The other type of motifs describe a
mixture of a-helices (H), p-strands (S) and loop regions (L) that bind both of the
ligands APS and CIR.

Ligand id Pdb id Chain motif
2NZ2 A LHL
ASP 1317 A LHS
INZ2 A LHLSSLSSH
CIR A LHSSSSH
1317 B LHSSSSH
Cc LHSSSSH
D LHSSSSH

Table n° 15: Types of binding motifs linked to ASP and CIR.

2.2.3.2. Graphical Representation of the Binding Motif for the ASS:

% As seen above, in the case of the ASS, there are 02 PDB entries: 2NZ2, 1J1Z
binding a total of two ligands which are natural substrates.

% The images below, table n°16 represent the RasMol 3D-graphical representation of
the binding motifs associated with the PDB entry 2NZ2 (Chain A) , ligand The

< 3D representation of all the other binding motifs related to the rest of chains
associated with the PDB entry 1J1Z and their bound ligands have been created and are
stored in the Flat-Files database and in the online version UadSFMs see also Index.
1.
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) _ ) o Motif+Ligand+
Codes | Chain | Ligand Motifs Motif+Ligand )
Residues
A ASP
2NZ2
CIR
A

Table n° 16: 3D representation of the binding motifs associated with
entries 2NZ2 (chain A). Ligand ASP,CIR..

2.2.4. Argininosuccinate lyase ( ASL) Reaction :

ASS of the PDB

L_I‘.f'_Jr;J-l
ELRT— R l - T, o

ex—ggrr® L. = . o

lx:TH o _ i =
I—I—L.?—H A ghinin osuac cin a se - H—I(I:—H 4.
H—C—EL BTt
" ETE L
B —C—ITEL] H—¢—H,

ool OO
aroi it Gsuc citiate arginine

L s

H

7 A Tcoo

furmarate

Figure n° 36: Formation
Chapter 1 page 20.
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2.2.4.1. Binding motifs and Properties for the ASL :

¢ The Argininosuccinate lyase in all of the related PDB entries is represented by 08
protein chains where each is bound to an AS1 thus the existence of 06 motifs, see
table n°17.

% The ligand AS1 binds two type of motifs : HHLHH, HHHLHH.

<+ This motifs describe a mixture only of a-helices and loop regions (L).

Ligand id Pdb id Chain Motif
A HHLHH
1KTW B HHLHH
C HHHLHH
D HHHLHH
AS1 A HHLHH
B HHLHH
1TIW C HHLHH
HHLHH
D

Table n° 17: Types of motifs linked to ASL1.

2.2.4.2. Graphical Representation of Binding Motif for the ASL.:

% As seen above, in the case of the ASL there are 02 pdb entries: 1IK7W , 1TJW
binding a the same ligand AS1which is natural substrate. see table n°18.

%+ The images below, table n°18 represent the RasMol 3D-graphical representation of
the binding motif associated with the PDB entries : 1K7W (Chain D), 1TJW
(ChainA).

¢ The 3D representation of all the other binding Motifs related to the other chains and
their bound ligands have been created and are stored in the Flat-Files database and in

the online version UadSFMs see also Index I1.
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Codes | Chain | Ligand Motifs Motif+Ligand Motif+Ligand+Residues

1IK7W D AS1

1TIW A AS1

Table n° 18: 3D representation of the binding motifs associated with ASL of the PDB
entries 1K7W (Chain D ), 1TJW (Chain D).

2.2.5. Arginase (ARGS) Reaction:

TTEL
Cc—Ia." ]:~|THZ31+
I =
TTH H—_C—H
I | 'ﬁ'
H_CF_H b IO Arginase > H _Clj —H 4+ HIN—C—INH,
H_(I:_H = H —f;?—H urea
EL-—C—ET I—I—clj—bn—L;*
H—Cc—1HE" OO -
CI:E::IOI" L —omithine
arginine

Figure n° 37: Formation of ornithine and urea (step 5). Details of the reaction are

given in Chapter 1 page 21.

2.2.5.1. Binding motifs and Properties for the ARGS:

% The ARGS in all of the related PDB entries is represented by 12 protein chains where
each is bound to an NNH, HAR , ARG thus the existence of 05 motifs, see table n°19
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+* NNH and HAR. bind the motif LHHSHL .

% HAR bind the motif HLHHSHL .

+ ARG bind the motifs: HHL , HHHL , HLHLHSHL .

s Three (3) of these 5 motifs describe a mixture of a-helices (H), p-strands (S) and
loop regions (L) and the other two (2) motifs are mixture of a-helices (H), and loop

regions only

Ligand id Pdb id Chain Motif

3KV2 LHHSHL

LHHSHL

3Lp7 HLHHSHL

LHHSHL

HHL

HHL

HHL

HHHL

ARG HHHL

HHL

3CEV HLHLHSHL

HLHLHSHL

HLHLHSHL

HLHLHSHL

HLHLHSHL

MMOO|@|[>|MMoOO|w|>m > w >

HLHLHSHL

Table n°19: Types of motifs linked to ARG and its analogs.

2.2.5.2. Graphical Representation of Binding Motif for the ARG:

< . In the case of the ARGS, we have 02 PDB entries: 3KV2, 3LP7, binding a
total of two ligand that is analogues to the natural substrate and one pdb
entry : 3CEV binding natural substrate .see table n°20.

s The images below represent the RasMol 3D-graphical representation of the
binding associated with the PDB entries 3KV2 (Chain A) , 3LP7 (B) , and 3CEV
(ChainC).

+«» The 3D representation of all the other binding Motifs related to the other chains
and their bound ligands have been created and are stored in the Flat-Files database
and in the online version UadSFMs see also Index I1.
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Motif+Ligand+

Codes | Chain | Ligand Motifs Motif+Ligand )
Residues
3KV2 A NNH
3LP7 B HAR
3CEV C ARG

——
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Table n° 20: 3D representation of the binding motifs associated with ARGS of PDB
entries 3KN2 (chain A), 3LP7 (Chain B ),3CEV ( Chain C).

'




Chapter IlI: Results and Discussions

3. Ligands and Binding Residue types:

The binding environment details calculated for the 10 ligands, as reported in Chapter Il and
Index 11, have been used to explore the types of the residues (amino acids while peptide bound
each other in the protein chain) that actually do the act of binding the ligands in the

structural motifs described above.

After the analysis of the amino acid distribution at the ligands binding motifs, it was found
that from the known 20 amino acids, only few amino acids were more frequent like
ASN,GLY,ASP,SER, LEU,VAL,ARG,LYS, TYR,GLU,THR,PRO,GLU in this ligands

The types of residues linked to ligands are shown in table n°21.

Ligand ID Proteins Residues

PLP ; ARG ; ASP ; ; :LYS
GLU LYS; : : : : ASP; ARG; : VAL; :

NET VAL; : :

PAO : : ARG; : : : : ILE; ASP; :

CIR ; : ; : ASP: ARG; ;

ASP ; ; ; ; ASP;

AS1 : ARG; : VAL; ; ; :LYS;

NNH ASP; ; ; ; ; ;

HAR ; ASP; ; ; ; ;

ARG ; ; ARG ; : : ASP; :

Table n° 21: Residues type shown arranged by their bound ligands. The residues

are coloured per hydrophobicity, see figure n°38.
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. Water AMinity
Highty
Hydrophobic

Highiy
Hydrophilic

LI | lsoleucuno ]
HE Phenytalanine
| 3 | Vatine |
3 - | Leucine
1 S | | Methionine 1
| & Tryptophan
7 Alanine
| © | Grycine |
- Cysteine |
| 10 | Tyrosine |
11 [ | Proline |
12 | 1| Threonine
13 [ Serine ]
14 o Histigine
1S  Gilutamate
16 Asparaglne
17 [f Gilutamine
. - 5 A,sgartate
19 Llslne
=20 Arginine |

Figure n° 38: Amino Acids colored per hydrophobicity

[22]

As seen above, table n°21, it seems that the properties of binding residues governing the

chemical environment of the binding motifs are mostly hydrophilic with some low level of

hydrophobicity . See General Conclusion.

4. Ligands Binding Tendency and Motifs Classification:

As seen above, the properties analysis of the motifs suggest that the binding motifs

associated with the enzymes involved in the Amino Acides degradation and urea cycle

pathway can be classified into the following families:

4.1. a/Loop family:

All Motifs belong to this family contain a-Helix (H) and Loop (L) elements such as:

LHLHLH, LHLHH

, LHLHLHH | LHL, HHLHH, HHHLHH, HHL, HHHL

The different ligands bind this type of motifs are : GLU ; NET;ASP;AS1;ARG.

——
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4.2. a/B/Loop family:

All Motifs belong to this family contain a-Helix (H) , B-strand (S) and Loop (L) elements

such as:
HLSLSL, SLHSLH, SHSSLH, HLHHSHL, LHLSSLSSH, LHSSSSH,
LHHSHL, HLHHSHL, HLHLHSHL, LHS, SHSSLHLH

SSHSSLH, SLHSLHLH, L HSLHLHLH .

The different ligands that bind these types of motifs are: PLP, GLU, PAO, ASP CIR, NNH,
HAR, ARG.

The classification above declare that the types of ligands binding the enzymes involved in
the Amino Acids degradation and Urea Cycle pathways bind only two classes of binding

motifs; a/p/Loop family the a/Loop family.

It is important to note that this classification reinforces the notion that secondary structure
elements do play major roles but with the contribution from non-secondary structure
elements, loops, to fulfill the biological function carried out by the enzymes treated in this
study.

In addition, the tendency of some type of amino acids to be responsible for binding
ligands, shown by the analysis above, suggests that some amino acids may be inclined to run
functional roles and other may be more associated with a structural role in the maintenance of

the structural morphology of proteins.

The information provided by the motifs classification, done above, versus the ligands
binding tendency and the properties of the residues responsible for the actual binding of the
ligands, outlined also above, can be instrumental in the process of designing new drugs
depending on the type of binding motif targets and the binding tendency of the drugs, for
example in cases where de novo drug design is needed for treating pathogenic metabolism

situations.
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General Conclusion:

This project has set out to try and contribute in understanding the basis of Structure-
Function relationship in macromolecules; protein is the case of this study. This relationship
seems to be coded by the amino acids that compose enzymes and proteins in general though

the protein folding process.

As shown in the various analysis and deductions made in the Results and Discussions
(Chapter 111), this project has identified, defined and characterized the protein structural
elements dubbed here as the binding motifs (Structural & Functional Motifs) together with the
binding residues (amino acids) that are directly involved in the ligand binding process and
hence the function of the enzymes associated with the amino acids degradation and urea

cycle.

The structural elements (a-helices, b-strand and loops) in the defined and characterized
binding motifs are seen by this study as providing the structural support on which the
functional elements, i.e. the residues, can reside to carry out the biological function of the

enzymes.

The definition of the ligand binding sites in the form of structural motifs and storing them
into a database can be very useful in finding similar motifs in other protein which may be of
the same and/or different function. This may helps in a lot of studies for protein

classifications, taxonomy, phylogenetics and homology molecular modeling.

This study has also reinforced the important role of secondary structure elements and more
importantly the crucial role of the non-secondary structure regions (loops) in the biological

function of protein.

However, the above conclusions related to the motifs’ classification and the ligands
binding tendency and their potential usages are, in this study, limited to the enzymes of the
amino acids degradation and urea cycle pathway. In order to find out whether the conclusions
can be generalized, there is the need to corroborate this kind of study by analyzing larger sets

of enzymes associated with different types of metabolic pathways.
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1. Amino Acids Degradation / 1.1.Aspartate Aminotransferase :

Protein Chain Prot SSE Res Nbr | Res Name | RsAt.Name | LgAt.Name Chgi n Lg Nbr |Bnd Len Bond Type
A 108'124 Ho 1108 GLY CA o1p A 1 358 |van der Waals
A 108'124 Ho 1108 GLY CA 03P A 1 388 |van der Waals
A 108'124 Ho 10s GLY c 01P A 1 376 | van der Waals
A 108'124 Ho 10s GLY c 03P A 1 378 |vander Waals
A 108'124 Ho 109 GLY N P A 1 3.59

A 108'124 H 109 GLY N 01P A 1 208 |H.Bond

A 108'124 Ho 1109 GLY N 03P A 1 329  |H.Bond

A 108'124 Ho 1109 GLY CA o1p A 1 39 van der Waals
A 108'124 Ho 1109 GLY CA 03P A 1 387 |van der Waals
A 108'124 Ho 1109 GLY c 03P A 1 385 |van der Waals
A 108'124 Ho 1110 THR N C5A A 1 38 H.Bond

A 108'124 Ho 1110 THR N 03P A 1 294 |H.Bond

A 108'124 Ho 1110 THR CA 03P A 1 376 |van der Waals
A 108'124 Ho 110 THR cB 03P A 1 344 | van der Waals
A 108_124 H: 110 THR 0G1 C5A A 1 3.54 van der Waals
A 108'124 Ho 110 THR 061 P A 1 3.99

A 108'124 Ho 110 THR 061 03P A 1 28 H.Bond
\ A | No SSE \ 141 \ TRP \ cD2 \ N1 \ A \ 1 \ 3.98 | H.Bond
A INoSSE  |141 TRP cp2 c2 A 1 1378 | van der Waals
‘ A | No SSE ‘ 141 ‘ TRP ‘ cD2 ‘ c3 ‘ A ‘ 1 ‘ 3.98 | van der Waals
\ A | No SSE \ 141 \ TRP \ CE2 \ c3 \ A \ 1 \ 3.88 | van der Waals
\ A | No SSE \ 141 \ TRP \ CE2 \ ca \ A \ 1 \ 3.83 | van der Waals
‘ A | No SSE ‘ 141 ‘ TRP ‘ CE3 ‘ N1 ‘ A ‘ 1 ‘ 361 | H.Bond
\ A | No SSE \ 141 \ TRP \ CE3 \ c2 \ A \ 1 \ 3.89 | van der Waals
\ A | No SSE \ 141 \ TRP \ CE3 \ C6 \ A \ 1 \ 3.85 | van der Waals
‘ A | No SSE ‘ 141 ‘ TRP ‘ cz2 ‘ ca ‘ A ‘ 1 ‘ 3.77 | van der Waals
\ A | No SSE \ 141 \ TRP \ cz2 \ cs \ A \ 1 \ 3.63 | van der Waals
\ A | No SSE \ 141 \ TRP \ cz2 \ C5A \ A \ 1 \ 3.86 | van der Waals
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‘A | No SSE \ 141 ‘TRP \ cz3 \ N1 \ A \ 1 \ 372 | H.Bond

‘A | No SSE ‘ 141 ‘TRP ‘ cz3 ‘ c5 ’A ‘ 1 ‘ 3.9 |van der Waals
‘A | No SSE \ 141 ‘TRP \ cz3 \ C6 ‘A \ 1 \ 3.47 |van der Waals
‘A | No SSE ‘ 141 ‘TRP ‘ CH2 ‘ c5 ’A ‘ 1 ‘ 351 |van der Waals
‘A | No SSE \ 141 ‘TRP \ CH2 \ c6 ‘A \ 1 \ 3.59 |van der Waals
A INoSSE |14 TRP CH2 csA A 1 36 |van der Waals
‘A | No SSE ‘ 195 ‘ASN ‘ ND2 ‘ 03 ‘A ‘ 1 ‘ 3.08 | H.Bond

‘A |219-224 s 1 \223 ‘ASP ‘CG ‘Nl ‘A \1 \3.27 |H.Bond

‘A |219-224 si1 ‘223 ‘ASP ‘ODl ‘Nl ’A ‘1 ‘3.08 |H.Bond

\ A | 210224 5: 1 \ 223 \ ASP \ op1 \ Cc2 \ A \ 1 \ 391 | van der Waals
‘ A | 219-224°S: 1 ‘ 223 ‘ ASP ‘ oD1 ‘ c6 ’A ‘ 1 ‘ 3.72 | van der Waals
‘A |219-224 51 ‘223 ‘ASP ‘ODZ ‘Nl ’A ‘1 ‘2.77 |H.Bond

’A | 219-224°S: 1 ’ 223 ‘ ASP ‘ oD2 ‘ Cc2 ’A ‘ 1 ‘ 3.67 | van der Waals
’A | 219-224°S: 1 ’ 223 ‘ ASP ‘ oD2 ‘ C2A ’A ‘ 1 ‘ 3.67 | van der Waals
’A | 219-224 S: 1 ’ 223 ‘ ASP ‘ oD2 ‘ C6 ’A ‘ 1 ‘ 3.65 | van der Waals
’A | No SSE ’ 225 ‘ALA ‘ cB ‘ N1 ’A ‘ 1 ‘ 3.73 | H.Bond

‘A | No SSE ‘ 225 ‘ALA ‘ cB ‘ c2 ‘A ‘ 1 ‘ 3.66 |van der Waals
‘A | No SSE ‘ 225 ‘ALA ‘ CB ‘ C3 ‘A ‘ 1 ‘ 3.65 |van der Waals
‘A | No SSE ‘ 225 ‘ALA ‘ cB ‘ ca ‘A ‘ 1 ‘ 38 |van der Waals
‘A | No SSE ‘ 225 ‘ALA ‘ cB ‘ cs ‘A ‘ 1 ‘ 3.9 |van der Waals
‘A | No SSE ‘ 225 ‘ALA ‘ cB ‘ c6 ‘A ‘ 1 ‘ 3.84 |van der Waals
’A | No SSE ’ 226 ‘TYR ‘ CE2 ‘ C3 ’A ‘ 1 ‘ 3.87 |van der Waals
‘A | No SSE ‘ 226 ‘TYR ‘ CE2 ‘ 03 ‘A ‘ 1 ‘ 3.15 |van der Waals
’A | No SSE ’ 226 ‘TYR ‘ cz ‘ 03 ’A ‘ 1 ‘ 3.19 |van der Waals
’A | No SSE ’ 226 ‘TYR ‘ cz ‘ 04A ’A ‘ 1 ‘ 3.92 |van der Waals
‘A | No SSE ‘ 226 ‘TYR ‘ OH ‘ C3 ‘ A ‘ 1 ‘ 3.64 |van der Waals
’A | No SSE ’ 226 ‘TYR ‘ OH ‘ 03 ’A ‘ 1 ‘ 253 | H.Bond

‘A | No SSE ‘ 226 ‘TYR ‘ OH ‘ C4A ‘ A ‘ 1 ‘ 3.65 |van der Waals
‘A | No SSE ‘ 226 ‘TYR ‘ OH ‘ 04A ‘ A ‘ 1 ‘ 353 | H.Bond

A 551'256 S:- | 256 SER cB 01P A 1 346 |van der Waals
A 551'256 S:- | 256 SER 0G 04p A 1 377 |H.Bond

A 551'256 S:- | 256 SER 0G P A 1 385

A 551'256 - | 256 SER 0G 01P A 1 263 |H.Bond

‘A | No SSE ‘ 258 ‘ SER ‘ cB ‘ 01P ‘ A ‘ 1 ‘ 35 |van der Waals
‘A | No SSE ‘ 258 ‘ SER ‘ 0G ‘ P ‘ A ‘ 1 ‘ 360 |

‘A | No SSE ‘ 258 ‘ SER ‘ 0G ‘ 01P ‘ A ‘ 1 ‘ 2.77 | H.Bond

‘A | No SSE ‘ 258 ‘ SER ‘ 0G ‘ o2p ‘ A ‘ 1 ‘ 3.32 | H.Bond
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Table n°22: The binding environment details of the
enzyme ASAT

No SSE

No SSE

No SSE

No SSE

No SSE

No SSE

No SSE

No SSE

No SSE

No SSE

No SSE

No SSE

No SSE

system.

259

259

259

259

267

267

267

267

267

267

267

267

267

LYS

LYS

LYS

LYS

ARG

ARG

ARG

ARG

ARG

ARG

ARG

ARG

ARG

CD

CE

NZ

NZ

Cz

Ccz

NH1

NH1

NH1

NH1

NH2

NH2

NH2

O4A

O4A

C4A

O4A

o2p

O3P

Oo1P

02pP

O3P

0O2pP

O3P

> > > > > > > > > > >|> >

PLP

3.27 van der Waals

3.12 van der Waals

3.01 H.Bond

2.26 H.Bond

381 van der Waals

3.72 van der Waals

3.8

371 H.Bond

3.18 H.Bond

381 H.Bond

3.65

3.56 H.Bond

274 H.Bond
bound the

(PDB id : 3110) (Chain :A) as calculated by the Lgb

1.2.Glutamate dehydrogenase:

Protein
Chain

Prot SSE

89-90S: 1
89-90S: 1
89-90S: 1
89-90S: 1
89-90S: 1
89-90S: 1
No SSE

No SSE

No SSE

No SSE

No SSE

No SSE
100-118 H: 1
100-118 H: 1
100-118 H: 1
100-118 H: 1
100-118 H: 1

Res
Nbr

90
90
90
90
90
90
91
91
92
92
92
92
111
111
114
114
114

Res Name

LYS
LYS
LYS
LYS
LYS
LYS
GLY
GLY
GLY
GLY
GLY
GLY
MET
MET
LYS
LYS
LYS

RsAt.Name

CG
CD
CE
NZ
NZ
NZ
N

CA

CA
CA
SD
SD
CE
NZ
NZ

LgAt.Name

OE2
OE2
OE2
CD

OE1
OE2
OE2
OE2

o OO0 O O

> > > > > > > > > > > > > > > >

Lg
Chain

Lg Nbr

550
550
550
550
550
550
550
550
550
550
550
550
550
550
550
550
550

Bnd
Len

3.26
3.89
3.4

3.58
3.97
2.65
3.73
3.99
3.75
3.46
3.65
3.94
3.35
3.39
3.68
3.81
2.77

Bnd Type

van der Waals
van der Waals
van der Waals
H.Bond
H.Bond
H.Bond
H.Bond
van der Waals
H.Bond
H.Bond
H.Bond
van der Waals

van der Waals

van der Waals
H.Bond

H.Bond
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A 123-129S:-1 | 126 LYS NZ N A 550 3.59 H.Bond
A 123-129S:-1 | 126 LYS Nz C A 550 3.55 H.Bond
A No SSE 166 ALA CcB CG A 550 3.46 van der Waals
A No SSE 166 ALA CB CD A 550 3.21 van der Waals
A No SSE 166 ALA CcB OE1l A 550 351 van der Waals
A No SSE 166 ALA CcB OE2 A 550 345 van der Waals
A No SSE 167 PRO C N A 550 3.81 H.Bond
A No SSE 167 PRO o N A 550 2.65 H.Bond
A No SSE 167 PRO O CA A 550 3.79 van der Waals
A No SSE 168 ASP CcB N A 550 3.83 H.Bond
A No SSE 168 ASP CG N A 550 3.96 H.Bond
A No SSE 168 ASP OoD1 N A 550 3.22 H.Bond
A No SSE 211 ARG NH2 CB A 550 3.92 H.Bond
A No SSE 211 ARG NH2 OE1 A 550 3.13 H.Bond
A No SSE 349 ASN ND2 o A 550 3.76 H.Bond
A 375-391H:1 | 377 GLY C OE1 A 550 3.96 van der Waals
A 375-391 H: 1 377 GLY (0} OE1l A 550 3.72 H.Bond
A 375-391 H: 1 378 VAL N OE1 A 550 3.92 H.Bond
A 375-391H:1 | 378 VAL CA OE1 A 550 3.59 van der Waals
A 375-391H:1 381 SER cB OE1l A 550 3.23 van der Waals
A 375-391H:1 | 381 SER oG CD A 550 3.61 van der Waals
A 375-391H: 1 381 SER 0G OE1l A 550 261 H.Bond

Table n°23: The binding environment details of the GLU bound the enzyme
GDH (PDB id:3ETD) , ( chain A) as calculated by the Lgb system.

Protein Res Res Lg Lg Bnd

Chain Prot SSE Nbr Name RsAt.Name | LgAt.Name Chain Nbr Len Bnd Type
A No SSE 90 LYS CG OE1 A 502 3.18 van der Waals
A No SSE 90 LYS CD OEl A 502 3.71 van der Waals
A No SSE 90 LYS CE CD A 502 3.97 van der Waals
A No SSE 90 LYS CE OEl A 502 3.04 van der Waals
A No SSE 90 LYS Nz CD A 502 3.58 H.Bond
A No SSE 90 LYS NZ OE1l A 502 2.42 H.Bond
A No SSE 91 GLY N OE1l A 502 3.57 H.Bond
A No SSE 91 GLY CA OE1 A 502 39 van der Waals
A No SSE 92 GLY N CG A 502 3.92 H.Bond
A 100'119 H: 111 MET CG OXT A 502 3.64 van der Waals
A 100'119 H: 111 MET SD C A 502 3.42 van der Waals
A 100-119H: 1919 |meT sD 0 A 502|339

1
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100-119 H:

A . 111 MET ) OXT A 502|295
A 100'119 ol [ mer CE CcG A 502 334 | vander Waals
A 100'119 Holir [ mer CE cD A 502 386 | vander Waals
A 100'119 Holir [ mer CE OXT A 502 1392 | vander Waals
A 100'119 B 114 LYS cD 0 A 502 363 | van der Waals
A 100-119 H: 114 LYS CE (0] A 502 3.87 van der Waals
A 100'119 B 14 LYS NZ c A 502 351 | H.Bond
A 100'119 H 11 LYS NZ o) A 502 289 | H.Bond
A 100'119 H 11 LYS NZ OXT A 502 331 | H.Bond

\ A | No SSE \ 126 \ LYS \ CE \ OXT \ A \ 502 \ 3.83 \ van der Waals

A NoSSE 126 |LYS NZ c A 502 389 | H.Bond

\ A | No SSE \ 126 \ LYS \ NZ \ OXT \ A \ 502 \ 2.75 \ H.Bond

A NoSSE  |166 |ALA  |CB cp A 1502 324 |vander Waals

‘ A | No SSE ‘ 166 ‘ ALA ‘ cB ‘ OE1 ‘ A ‘ 502 ‘ 293 ‘ van der Waals

\ A | No SSE \ 166 \ ALA \ cB \ OE2 \ A \ 502 \ 3.61 \ van der Waals

A NoSSE  |167 |[PRO  |C N A 502 398 | H.Bond

\ A | No SSE \ 167 \ PRO \ 0 \ N \ A \ 502 \ 2.79 \ H.Bond

A NoSSE  |167 |[PRO |0 cA A 1502|388 |vander Waals

A INoSSE 168 | ASP ce N A 502|373 |H.Bond

A NoSSE 168 | ASP ‘op2 N A 502|271 |H.Bond

A NoSSE 168 | ASP ‘op2 cA A 1502 378 | vander Waals

\ A | No SSE \ 168 \ ASP \ oD2 \ OXT \ A \ 502 \ 381 \ H.Bond
A 210'227 Ho 1211 ARG NH2 cB A 502 364 | H.Bond
A i1°'227 Ho o1 ARG NH2 OE2 A 502 346 | H.Bond
A No SSE ‘ 349 ‘ ASN ] ND2 OXT ‘ A ] 502 ‘ 372 ‘ H.Bond
A i75'391 Ho a7 oLy c OE2 A 502 356 | van der Waals
A f75'391 Ho 1377 oLy 0 OE2 A 502 362 | H.Bond
A f75'391 Ho 138 VAL N OE2 A 502 351 | H.Bond
A 275'391 Ho 13 VAL CcA OE2 A 502 341 | vander Waals
A 275'391 Ho 13 VAL cel cD A 502 383 | vander Waals
A 275'391 Ho 138 VAL col OE2 A 502 388 | vander Waals
A 375-391 H: \ 381 \ SER \ cB OE2 ‘A \ 502 \ 3.17 \ van der Waals




Index |

1

A SO agser oG cp A 502 344 |van der Waals

A IO g | seR 0G OE1 A 502 (391 | H.Bond

A IO g | seR 0G OE2 A 502|232 | H.Bond

Table n°24 : The binding environment details of the GLU bound the enzyme
GDH (PDB id: 3MVO) , ( chain A) as calculated by the Lgb system.

Protein Res Res Lg Lg Bnd

Chain Prot SSE Nbr Name RsAt.Name | LgAt.Name Chain Nbr Len Bnd Type
A 89-96S: 1 90 LYS CG OE1l A 502 3.02 van der Waals
A 89-96S: 1 90 LYS CD OE1l A 502 38 van der Waals
A 89-96S: 1 90 LYS CE OE1l A 502 3.35 van der Waals
A 89-96S: 1 90 LYS NZ CD A 502 3.74 H.Bond
A 89-96S: 1 90 LYS Nz OE1l A 502 2.73 H.Bond
A 89-96 S: 1 91 GLY N OE1l A 502 3.56 H.Bond
A 89-96S: 1 92 GLY N N A 502 3.64 H.Bond
A 89-96 S: 1 92 GLY N CG A 502 371 H.Bond
A 89-96S: 1 92 GLY CA N A 502 3.8 H.Bond
A 100-118 H: 1 |111 MET sSD A 502 331 van der Waals
A 100-118 H: 1 | 111 MET SD 0} A 502 3.53
A 100-118 H: 1 | 111 MET SD CG A 502 3.88 van der Waals
A 100-118 H: 1 |111 MET SD OXT A 502 2.95
A 100-118 H: 1 | 111 MET CE 0} A 502 3.9 van der Waals
A 100-118 H: 1 |114 LYS CD 0 A 502 3.62 van der Waals
A 100-118 H: 1 | 114 LYS CD OXT A 502 3.93 van der Waals
A 100-118 H: 1 |114 LYS CE OXT A 502 3.58 van der Waals
A 100-118 H: 1 |114 LYS NZ C A 502 3.26 H.Bond
A 100-118 H: 1 | 114 LYS Nz 0} A 502 3.34 H.Bond
A 100-118 H: 1 |114 LYS NZ OXT A 502 242 H.Bond
A 123'130 St 126 LYS NZ N A 502 2.65 H.Bond
A 123'130 St 126 LYS NZ CA A 502 3.99 H.Bond
A 123'130 St 126 LYS NZ OXT A 502 3.84 H.Bond
A 163-166 S:1 | 166 ALA CB CD A 502 3.44 van der Waals
A 163-166 S: 1 | 166 ALA CB OE1l A 502 351 van der Waals
A 163-166 S:1 | 166 ALA CB OE2 A 502 3.34 van der Waals
A No SSE 167 PRO 0} N A 502 3.57 H.Bond
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Table n°25: The binding environment details of the GLU bound the enzyme
GDH (PDB id: 3MVQ) , ( chain A) as calculated by the Lgb system.

No SSE
No SSE
No SSE
No SSE
No SSE
No SSE

No SSE

375-391 H:
375-391 H:
375-391 H:
375-391 H:
375-391 H:
375-391 H:
375-391 H:
375-391 H:
375-391 H:
375-391 H:
375-391 H:

167
168
168
211
211
211
349
378
378
378
378
378
378
378
381
381
381
381

2.Urea cycle:

2.1.Carbamoyl phosphate synthetase I:

Protein Chain

| @ W W W @ W W ®W| W W @

Prot SSE

No SSE
No SSE
No SSE
No SSE
No SSE
91-103 H:
91-103 H:
91-103 H:
91-103 H:
91-103 H:
91-103 H:
91-103 H:

Res Nbr | Res Name | RsAt.Name

18
21
21
21
21
92
92
93
93
93
93
93

PRO
ASP
ASP
ARG
ARG
ARG
ASN
VAL
VAL
VAL
VAL
VAL
VAL
VAL
SER
SER
SER
SER

VAL
GLN
GLN
GLN
GLN
GLN
GLN
THR
THR
THR
THR
THR

CG
0oD2
cz
NH2
NH2
ND2

CA
CG1
CG1
CG1
CG1
CB
oG
oG
oG

CG2
CD

OE1l
OE1
NE2

CB

CA

0oG1
0OG1
0OG1

CB

OE2
CB
OE2
OXT

OE2
OE2

CG
CD
OE1
OE2
CD
OE1l
OE2

LgAt.Name
c4
C4
C3
C4
C3
c2
c2
c2
c2
c2
C3
C7

> > > > > > > > > > > >> > > > > >

Lg Chain |Lg Nbr |Bnd Len

B

| ®W| W W W W W | @ W @

502
502
502
502
502
502
502
502
502
502
502
502
502
502
502
502
502
502

1096
1096
1096
1096
1096
1096
1096
1096
1096
1096
1096
1096

3.75
3.91
2.87
3.97
3.72
2.94
3.36
3.95
3.82
3.86
3.86
3.79
3.58
3.56
3.31
3.45
3.68

247

3.97
3.95
3.89
3.7

3.88
3.73
3.99
3.4

3.5

3.46
3.59
3.43

van der Waals
H.Bond
H.Bond
van der Waals
H.Bond
H.Bond
H.Bond
H.Bond
H.Bond
van der Waals
van der Waals
van der Waals
van der Waals
van der Waals
van der Waals
van der Waals
H.Bond

H.Bond

Bnd Type
van der Waals
van der Waals
van der Waals
van der Waals
H.Bond
van der Waals
van der Waals
H.Bond
van der Waals
van der Waals
van der Waals

van der Waals



Index |

T ™| @ @

OOl oo 6 @

91-103 H: 1
No SSE
No SSE

No SSE

96

935
935
935

ASN
ASN
ASN
ASN

ND2
CG

OoD1
ND2

c2
C8
C8
C8

T ™| ™ @

1096
1096
1096
1096

3.84
3.7

3.72
3.67

H.Bond
van der Waals
van der Waals

H.Bond

Table n°26: The binding environment details of the NET bound the enzyme
CPS (PDB id:1JDB) , ( chainB) as calculated by the Lgb system.

Protein
Chain

Prot SSE
No SSE
No SSE
No SSE
No SSE
No SSE

No SSE

6092-6104 H:

1

6092-6104 H:

1

6092-6104 H:

1

6092-6104 H:

1

6092-6104 H:

1

6092-6104 H:

1

6092-6104 H:

1

6092-6104 H:

1

6092-6104 H:

1

6092-6104 H:

1
No SSE
No SSE

Res
Nbr

6019
6022
6022
6022
6022
6022

6093

6093

6093

6094

6094

6094

6094

6094

6094

6097

6936
6936

Res
Name

VAL
GLN
GLN
GLN
GLN
GLN

GLN

GLN

GLN

THR

THR

THR

THR

THR

THR

ASN

ASN
ASN

RsAt.Name | LgAt.Name

CG2
CD
CD
OE1
OE1
NE2

CB

CG

CA

0OG1

0OG1

0OG1

0OG1

ND2

CG
ND2

C4
C3
C4
C3
C4
C3

C2

C2

C2

C2

C2

N1

C2

C3

Cc7

C2

C8
C8

Chain

Q0o o 6o o

®

Lg
Nbr

7950
7950
7950
7950
7950
7950

7950

7950

7950

7950

7950

7950

7950

7950

7950

7950

7950
7950

Bnd
Len

3.9

3.88
3.84
3.78
3.63
371

3.82

3.68

3.8

3.59

3.78

3.83

3.54

3.39

3.28

3.46

3.94
3.81

Bnd Type

van der Waals
van der Waals
van der Waals
van der Waals
van der Waals

H.Bond

van der Waals

van der Waals

van der Waals

H.Bond

van der Waals

H.Bond

van der Waals

van der Waals

van der Waals

H.Bond

van der Waals

H.Bond

Table n°27: The binding environment details of the NET bound the enzyme
CPS (PDBid:1T36) , ( chain G) as calculated by the Lgb system.
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2.2.0rnithine Transcarbomylase :

Protein
Chain

Prot SSE

No SSE
No SSE
No SSE
No SSE
No SSE
No SSE
No SSE
No SSE
No SSE
No SSE
No SSE
No SSE

92-103 H: 1
92-103 H: 1
92-103 H: 1
92-103 H: 1
92-103 H: 1
92-103 H: 1
92-103 H: 1
92-103 H: 1
92-103 H: 1
92-103 H: 1
92-103 H: 1
92-103 H: 1
92-103 H: 1
92-103 H: 1
92-103 H: 1
92-103 H: 1
92-103 H: 1
92-103 H: 1
92-103 H: 1

137-141 S:
1

137-141 S:
1

137-141 S:
1

Res
Nbr

90
90
90
90
90
90
91
91
91
91
91
91
92
92
92
92
92
92
92
92
92
92
92
92
92
92
93
93
93
93
93

141

141

141

Res
Name

SER

SER

SER

SER

SER

SER

THR
THR
THR
THR
THR
THR
ARG
ARG
ARG
ARG
ARG
ARG
ARG
ARG
ARG
ARG
ARG
ARG
ARG
ARG
THR
THR
THR
THR
THR

ARG

ARG

ARG

Index |

RsAt.Name | LgAt.Name

CA
CA
C

CB
oG
oG

CA

CB

CA
CA

CB
CB
CB
NE
NE
NE
Ccz
NH2

CA
CB
0OG1
0OG1

Ccz

Ccz

NH1

01P
02pP
03P
02pP
P

02pP

0O2pP
o3P
O3pP
O3pP
o3P

o2pP
O3pP
o2pP
O3P
0O2pP
C1p
0O2pP
o3P
C1P

o3P
O3P
o3P
0O2pP
o2pP
0o2pP
01

o2pP

O1pP

0O2pP

> > > > > > > > > > > > > > > > >> > > > >>>>>> > > > >

>

>

L
Chain

Lg
Nbr

355
355
355
355
355
355
355
355
355
355
355
355
355
355
355
355
355
355
355
355
355
355
355
355
355
355
355
355
355
355
355

355

355

355

Bnd
Len

3.85
3.83
3.89
3.58
3.93
2.73
3.81
3.77
2.86
3.54
3.62
3.64
3.78
3.56
2.86
3.9

3.82
3.75
3.91
3.97
3.74
3.4

3.77
2.89
3.3

2.86
2.77
3.55
3.24
3.33
2.78

3.73

3.71

3.78

Bnd Type

van der Waals
van der Waals
van der Waals

van der Waals

H.Bond

H.Bond
H.Bond
van der Waals
van der Waals

van der Waals

H.Bond

H.Bond

van der Waals
van der Waals
van der Waals
van der Waals
van der Waals
van der Waals

H.Bond

H.Bond
van der Waals
H.Bond
H.Bond
van der Waals
van der Waals
H.Bond

H.Bond

van der Waals

van der Waals
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A 137'141 S 1141 ARG NH1 o1P A 355 279 | H.Bond
A 137'141 S 111 ARG NH1 02p A 355 352 | H.Bond
A 137'141 S 141 ARG NH2 c1 A 355 368 | H.Bond
A 137'141 S 141 ARG NH2 o1 A 355 292 | H.Bond
A 137'141 S 141 |ARG NH2 O1P A 355 382  |H.Bond
A 137'141 S 141 |ARG NH2 02p A 355 341  |H.Bond
A NoSSE 163  |LEU cD1 cB A 355 38 | van der Waals
A NoSSE 163 |LEU cD1 ce A 355 |38 | van der Waals
A ‘NoSSE  [163  |LEU cD1 D A 1355 366 | vander Waals
A NoSSE 163 |LEU cD1 JoxT A 355 (372 | vander Waals
A 'NoSSE  [168  |HIS cD2 cp A 355 37 | van der Waals
A NoSSE 168 |HIS cD2 o1 A 1355 (369 | van der Waals
A 'NoSSE  [168  |HIS CE1 o1 A 1355 374 | vander Waals
A 'NoSSE  [168  |HIS |NE2 cp A 355 |38 ' H.Bond
A NoSSE 168 |HIS NE2 c1 A 1355 (385 | H.Bond
‘ A ‘ No SSE ‘ 168 ] HIS ‘ NE2 ‘ o1 ‘ A ‘ 355 ‘ 281 ‘ H.Bond
A 169'183 H i GLN NE2 o1 A 355 382  |H.Bond
A NoSSE 198 | ASN |ND2 N A 1355 (331 | H.Bond
A 199'205 Ho 199 | AsN CcG N A 355 382 | H.Bond
A 199'205 Ho 199 |AsN cG OXT A 355 376 | vander Waals
A 199'205 Ho 199 |AsN oD1 N A 355 284  |H.Bond
A 199'205 Ho 199 |AsN oD1 CcA A 355 382 |vander Waals
A 199'205 Ho 199 |AsN oD1 cB A 35 |39 van der Waals
A 199‘205 Ho 199 |AsN oD1 OXT A 355 361 | H.Bond
A 199'205 Ho 1199 |ASN ND2 OXT A 355 302 | H.Bond
A 199'205 H 00 ILE cp1 CcB A 355 388 | van der Waals
\ A \ No SSE \ 263 \ ASP \ cG \ N \ A \ 355 \ 3.65 \ H.Bond
A NoSSE 263 |ASP G cA A 1355 (396 | van der Waals
\ A \ No SSE \ 263 \ ASP \ oDp1 \ N \ A \ 355 \ 3.87 \ H.Bond
A NoSSE 263 |ASP ‘op1 cA A 355 (373 | vander Waals
\ A \ No SSE \ 263 \ ASP \ oDp1 \ cB \ A \ 355 \ 3.96 \ van der Waals
A NoSSE 263 |ASP oD2 N A 355 |27 ' H.Bond
A NoSSE 263 |ASP oD2 cA A 1355 335 | vander Waals
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No SSE
No SSE
No SSE
No SSE
No SSE
No SSE
No SSE
No SSE
No SSE
No SSE
No SSE
No SSE
No SSE
No SSE
No SSE
No SSE
No SSE
No SSE
No SSE
No SSE
No SSE
No SSE
No SSE
No SSE
No SSE
No SSE
No SSE

323-342 H:

1

323-342 H:

1

323-342 H:

1

323-342 H:

1
Water

Water

263
267
267
267
267
267
267
267
267
267
267
267
267
268
268
268
268
268
303
303
303
303
304
304
304
304
304

330

330

330

330

381
385

ASP
SER
SER
SER
SER
SER
SER
SER
SER
SER
SER
SER
SER
MET
MET
MET
MET
MET
CYS
CYS
CYS
CYS
LEU
LEU
LEU
LEU
LEU

ARG

ARG

ARG

ARG

HOH
HOH

Index |

0oD2
CA
CA

CB
CB
CB
CB
oG
oG
oG
oG
oG

CB
CG
CE

NH1

NH1

NH1

o/ ol zZz O] 0 O

OXT

CA

OXT

O ol o0 O] O

C1P

CG
CD
CG
CDh
NE
C1
C1p

01

C1

01

C1P

OXT

> > > > > > > > > > > > > > > > >> > > > > > > > > >

>

>

355
355
355
355
355
355
355
355
355
355
355
355
355
355
355
355
355
355
355
355
355
355
355
355
355
355
355

355

355

355

355

355
355

3.67
3.92
3.49
3.71
3.87
3.54
3.58
3.61
291
3.61
3.48
3.85
3.64
3.86
2.99
3.87
3.78
3.49
3.75
3.94
3.88
3.73
3.99
3.82
2.84
3.54
3.29

3.99

3.57

2.95

3.79

2.8
281

van der Waals
van der Waals
van der Waals
van der Waals
H.Bond

van der Waals
van der Waals
van der Waals
H.Bond

van der Waals
van der Waals
H.Bond

H.Bond

H.Bond

H.Bond

van der Waals
van der Waals
van der Waals
van der Waals
van der Waals
van der Waals
van der Waals
van der Waals
van der Waals
H.Bond

van der Waals

van der Waals

van der Waals

H.Bond

H.Bond

H.Bond

H.Bond

H.Bond

Table n°28: The binding environment details of the PAO bound the enzyme

OTC (PDBid: 10TH) , ( chainA) as calculated by the Lgb system.
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2.3.Argininosuccinic Acid Synthase:

Protein
Chain

A

> > > > > > > > > > > > > > > > > > > > >

>

>

Prot SSE

No SSE
No SSE
No SSE
No SSE
No SSE
No SSE
No SSE
No SSE
No SSE
No SSE
No SSE
No SSE
No SSE
No SSE
No SSE
No SSE
No SSE
No SSE
No SSE
No SSE
No SSE
No SSE

123-136 H:

1

123-136 H:

1

123-136 H:

1

123-136 H:

1

123-136 H:

1

123-136 H:

1

123-136 H:

1

123-136 H:

1

123-136 H:

1

123-136 H:

1

Res
Nbr

118
118
118
119
119
119
119
119
119
119
119
119
119
119
119
122
122
122
122
122
122
122

123

123

123

123

123

123

123

123

123

124

Res
Name

ALA
ALA
ALA
THR
THR
THR
THR
THR
THR
THR
THR
THR
THR
THR
THR
GLY
GLY
GLY
GLY
GLY
GLY
GLY

ASN

ASN

ASN

ASN

ASN

ASN

ASN

ASN

ASN

ASP

RsAt.Name | LgAt.Name

CA
C
CB

CA
CB
CB
0OG1
0OG1
0OG1
CG2
CG2
CG2

CA
CA
CA
CA

CA

CA

CB

CG

ND2

OXT
OXT
OXT
C
o}
OXT
OXT

OXT

CG
OoD1
0oD2
OoD1
0oD2

CG

OD1

0OD2

OoD1

0OD2

0OD2

OD1

OD1

OD1

CG

Lg
Chain

A

> > > > > > > > > > > > > > > > >> > >

>

>

Lg
Nbr

501
501
501
501
501
501
501
501
501
501
501
501
501
501
501
501
501
501
501
501
501
501

501

501

501

501

501

501

501

501

501

501

Bnd
Len

3.53
3.68
3.74
3.8
3.83
2.9
3.87
341
3.93
3.48
25
3.65
3.87
3.42
3.72
3.99
3.77
3.6
3.75
3.43
3.88
3.66

3.33

2.98

3.09

3.78

3.93

3.89

351

3.95

3.79

3.85

Bnd Type

van der Waals
van der Waals
van der Waals
H.Bond
H.Bond
H.Bond
van der Waals
van der Waals
van der Waals
van der Waals
H.Bond
H.Bond
van der Waals
van der Waals
van der Waals
H.Bond
van der Waals
van der Waals
van der Waals
van der Waals
van der Waals

van der Waals

H.Bond

H.Bond

H.Bond

van der Waals

van der Waals

van der Waals

van der Waals

van der Waals

H.Bond

H.Bond
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>

>

Protein
Chain

123-136 H:
1

123-136 H:
1

123-136 H:
1

123-136 H:
1

123-136 H:
1

123-136 H:
1

123-136 H:
1

123-136 H:
1

123-136 H:
1

No SSE
Water

Water

Table n°29: The binding environment details of the ASP
enzyme ASS (PDB id: 2Nz2) ( chain A) as calculated by the Lgb system.

Prot SSE

No SSE
No SSE
No SSE
No SSE
No SSE
No SSE
No SSE
No SSE
No SSE
No SSE
No SSE
123-136 H: 1
123-136 H: 1
123-136 H: 1
123-136 H: 1

124

124

124

124

124

124

124

124

124

191
569
664

Res
Nbr

87
87
87
87
87
87
87
91
91
91
92
123
123
123
123

ASP

ASP

ASP

ASP

ASP

ASP

ASP

ASP

ASP

GLU
HOH
HOH

Res
Name

TYR
TYR
TYR
TYR
TYR
TYR
TYR
THR
THR
THR
SER
ASN
ASN
ASN
ASN

RsAt.Name | LgAt.Name

CE2
Ccz
Ccz
Ccz
OH
OH
OH
CB
CG2
CG2

CB
CG
ND2
ND2

CA

CB

CG

CG

OD2

0oD2

0oD2

OE2

02
C1
02
Cc2
C1
02
c2
02
02
C5
02
01
o1
C1
o1

OoD1

0oD2

0oD2

0D2

OD2

CG

0oD2

CB
OD1

Chain

> > > > > > > > > > > > > > >

501

501

501

501

501

501

501

501

501

501
501
501

Lg
Nbr

502
502
502
502
502
502
502
502
502
502
502
502
502
502
502

3.98 H.Bond
2.94 H.Bond
3.74 van der Waals
3.4 van der Waals
3.83 H.Bond
343 van der Waals
2.86 H.Bond
3.85 van der Waals
3.33 H.Bond
3.52 van der Waals
2.63 H.Bond
2.72 H.Bond
bound the
Bnd
Len Bnd Type
3.54 van der Waals
3.98 van der Waals
3.46 van der Waals
3.95 van der Waals
3.45 van der Waals
2.69 H.Bond
3.54 van der Waals
3.67 van der Waals
3.78 van der Waals
3.85 van der Waals
3.86 H.Bond
3.69 van der Waals
3.69 van der Waals
3.98 H.Bond
2.77 H.Bond
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A (123136 H:1 (124 |ASP ‘0D2 cs A 1502 366 |van der Waals
A 123136 H:1 (127 |ARG  |CZ c1 A 502 393 |van der Waals
A (123136 H:1 (127 | ARG cz o1 A 1502 358 |van der Waals
‘A | 123-136 H: 1 | 127 ‘ARG ‘ cz ‘ 02 ’A ]502 ‘ 3.4 |van der Waals
A (123136 H:1 (127 | ARG |NHL c1 A 502 331 |H.Bond
A 123136 H:1 (127 |ARG  |NHL o1 A 502 317  |H.Bond
‘ A | 123-136 H: 1 | 127 ‘ ARG ‘ NH1 ‘ 02 ‘ A ‘ 502 ‘ 273 | H.Bond
A (123136 H:1 (127 | ARG |NH2 c1 A 502 36 ' H.Bond
‘ A | 123-136 H: 1 | 127 ‘ ARG ‘ NH2 ‘ o1 ’A ] 502 ‘ 3.2 | H.Bond
A (123136 H:1 (127 | ARG |NH2 02 A 502 322 |H.Bond
A | No SSE 180 |SER o N8 A 502 366 | H.Bond
A 181-1835:0 181  |MET  |C N8 A 502 369 |H.Bond
A 181-1835:0 (182 | ASP N N8 A 502 347 |H.Bond
’A | 181-1835:0 | 182 ‘ ASP ‘ cB ] NG ’A ] 502 ‘ 3.41 | H.Bond
A 181-1835:0 182 | ASP cB c7 A 1502 355 |van der Waals
’A | 181-1835:0 | 182 ‘ ASP ‘ cB ] N8 ’A ] 502 ‘ 3.75 | H.Bond
A 188'190 S:- 1189 SER 0 N8 A 502 357 H.Bond
A 188'190 S:- 1189 SER CcB NG A 502|389 H.Bond
A 188'190 S:- 1189 SER 0G c3 A 502 362 | vander Waals
A 188'190 S:- 1189 SER 0G NG A 502 324 | H.Bond
A 188'190 S:- | 1g9 SER 0G c7 A 502 383 | vander Waals
A 188'190 S 1189 SER 0G N8 A 502|348 H.Bond
A | No SSE 191 |GLU ce N8 A 502 (381 |H.Bond
A |No SSE 191 |GLU cD c4 A 1502 393 |van der Waals
A | No SSE 191 |GLU | OE1L 2 A 502 399 |van der Waals
‘ A | No SSE | 191 ‘ GLU ‘ OE1 ‘ N2 ‘ A ‘ 502 ‘ 3.23 | H.Bond
A |No SSE 191 |GLU | OE1 c3 A 1502 357 |van der Waals
A | No SSE 191 |GLU | OE1 ca A 502 (365 |van der Waals
A |No SSE 191 |GLU | OE2 c4 A 1502 396 |van der Waals
A 565'271 S 1 a70 GLU CcD N2 A 502 |3.16 H.Bond
A 565'271 S 970 GLU OE1 N2 A 502|322 H.Bond
A 565'271 S 970 GLU OE2 c1 A 502 377 |vander Waals
A ies-zn S 970 GLU OE2 o1 A 502|356 H.Bond
A ies-zn S 970 GLU OE2 c2 A 502 348 |vander Waals
A 265-271S:- 270 |GLU | OE2 N2 A 502|254 |H.Bond
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2.4. Arginiosuccinate lyase:

Olo/olo oo oo oo o o o oo oo

1

277-283S: -
1

277-283S: -
1

277-283S: -
1

277-283S: -
1

277-283S: -
1

277-283S: -
1

303-324 H: 1
Water

Water

282

282

282

282

282

282

322
569
647

TYR

TYR

TYR

TYR

TYR

TYR

TYR
HOH
HOH

CE1

CE1

Ccz

OH

OH

OH

CE1

C2

C3

C2

C2

N2

C3

01
N2
o7

502

502

502

502

502

502

502
502
502

3.91

3.93

3.88

2.81

3.62

3.74
2.95
2.89

van der Waals

van der Waals

van der Waals

van der Waals

H.Bond

van der Waals

van der Waals
H.Bond

H.Bond

Table n°30: The binding environment details of the CIR bound the enzyme
ASS (PDB id: 2NZ2), ( chain A) as calculated by the Lgb system.

Protein
Chain

Prot SSE

29-34H:1
89-103 H: 1
114-152 H: 1
114-152 H: 1
114-152 H: 1
114-152 H: 1
114-152 H: 1
114-152 H: 1
114-152 H: 1
114-152 H: 1
114-152 H: 1
114-152 H: 1
114-152 H: 1
114-152 H: 1
114-152 H: 1
114-152 H: 1

114-152 H: 1

Res
Nbr

29

91

115
115
115
115
115
116
116
116
116
116
116
116
116
116
116

Res
Name

SER

HIS

ARG
ARG
ARG
ARG
ARG
ASN
ASN
ASN
ASN
ASN
ASN
ASN
ASN
ASN
ASN

RsAt.Name

oG
CE1l

CB
CB
cz
NH2
CG
CG
OD1
OD1
OD1
OD1
OD1
ND2
ND2
ND2

LgAt.Name

N4
C3
c2
Cc2
C1
N3
N3
N2
0OD2
C1
N2

N1
0OD2
CD
OD1
0OD2

Olo/olo oo oo oo o o o oo oo

Lg
Nbr

1001
1001
1001
1001
1001
1001
1001
1001
1001
1001
1001
1001
1001
1001
1001
1001
1001

Bnd
Len

3.33
3.96
3.86
3.98
3.96
3.97
3.16
3.91
3.51
3.83
2.68
3.23
3.18
3.73
3.13
3.85
2.49

Bnd Type

H.Bond
van der Waals
van der Waals
van der Waals
van der Waals
H.Bond
H.Bond
H.Bond
van der Waals
van der Waals
H.Bond
van der Waals
H.Bond
H.Bond
H.Bond
H.Bond

H.Bond



Index |

c 114-152H:1 (119 VAL |CB c3 c 11001 393 |van der Waals
c 114152H:1 (119 |VAL | CG2 051 c 11001 381 | van der Waals
c 114-152H:1 (119 VAL | CG2 c3 c 11001 396 |van der Waals
c No SSE 205 |ALA [cB ‘op1 c 11001 (397 | van der Waals
c No SSE 33 |TYR cB 0D2 c 1001|364 |van der Waals
c No SSE 323 |[TYR  [cG ‘op2 c 11001 389 |van der Waals
c No SSE 323 |TYR cD2 N1 c 1001 383 |H.Bond
c ' No SSE 33 |TYR cD2 0D2 c 1001|367 |van der Waals
c No SSE 33 |TYR  |CEL 052 c 11001 345 | van der Waals
c No SSE 33 |TYR |CE1 N2 c 11001 393 |H.Bond
c No SSE 323 |TYR CE2 N2 c 1001 343 |H.Bond
c No SSE 33 |TYR | CE2 c c 11001 352 |van der Waals
c No SSE 323 |[TYR |CE2 N1 c 1001|372 |H.Bond
c No SSE 323 |[TYR  |cz 052 c 1001 349 | van der Waals
c No SSE 33 |TYR cz 2 c 11001 398 |van der Waals
c No SSE 323 |[TYR  |cz c1 c 1001 363 | van der Waals
c No SSE 33 |TYR cz N2 c 11001 333 |H.Bond
c No SSE 323 |[TYR  |cz c c 11001 (393 | van der Waals
c No SSE 33 |TYR  |OH 052 c 1001 267  |H.Bond
c No SSE 33 |TYR OH cs c 11001 339 |van der Waals
c No SSE 323 |[TYR  |OH ca c 11001 353 | van der Waals
c No SSE 33 |TYR OH 2 c 11001 353 |van der Waals
c No SSE 323 |[TYR  |OH c1 c 11001 (327 | van der Waals
c No SSE 33 |TYR OH N2 c 11001 349 |H.Bond
c 324-38H:5 (38 |GLN [N 052 c 1001|388 |H.Bond
c 1324-328H:5 (328 |GLN  |CA 051 c 11001 357 | van der Waals
c 1324-328H:5 (328 | GLN cA 052 c 11001 378 |van der Waals
c 1324-328H:5 (328 |GLN  |CA cs c 1001 (393 | van der Waals
c 1324-328H:5 (328 | GLN cB 051 c 11001 355 |van der Waals
c 1324-328H:5 (328 |GLN  |CB 052 c 1001 384 | van der Waals
c 1324-328H:5 |38 |GLN  |CB cs c 1001|374 |vander Waals
c 1324-38H:5 (328 |GLN  |CG 051 c 11001 352 | van der Waals
c 1324-328H:5 (328 |GLN  |CD N4 c 1001 (369 |H.Bond
c 1324-328H:5 (328 | GLN | OE1 051 c 1001 |37 ' H.Bond
c 1324-328H:5 (328 | GLN | OE1 cs c 1001 |37 van der Waals
c 1324-328H:5 (328 | GLN | OE1 ca c 1001 339 |van der Waals
c 1324-328H:5 (328 | GLN | OE1 N4 c 1001|268 | H.Bond
c 1320-355H:1 (331 |LYS cE 051 c 1001 |31 van der Waals
c 1329-355H:1 (331 |LYS NZ 051 c 1001|264  |H.Bond
c 1320-355H:1 331 |LYS NZ cs c 1001|367 |H.Bond

\ c ‘Water \ 1023 \ HOH \ 0 \ 052 \ c \ 1001 \ 261 \ H.Bond
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Water

Water

1086
1123

HOH
HOH

N4
N3

1001
1001

251
2.66

H.Bond

H.Bond

Table n°31: The binding environment details of the AS1 bound the enzyme ASL

2.5. Arginase:

Protein
Chain

> 2> > > > > > > > > > > > > > > > > > > > > > > > > > >

Prot SSE

No SSE
No SSE
No SSE
No SSE
No SSE
No SSE
No SSE
No SSE
No SSE
No SSE
No SSE
No SSE
No SSE
No SSE
No SSE
No SSE
No SSE
No SSE
No SSE
No SSE
No SSE
No SSE
No SSE
No SSE
No SSE
No SSE
No SSE
No SSE
139-142 H: 5

Res
Nbr

124
124
124
126
126
126
126
126
126
126
126
126
126
126
126
128
128
128
128
128
128
128
128
130
137
137
137
137
141

Res
Name

ASP
ASP
ASP
HIS
HIS
HIS
HIS
HIS
HIS
HIS
HIS
HIS
HIS
HIS
HIS
ASP
ASP
ASP
ASP
ASP
ASP
ASP
ASP
ASN
SER
SER
SER
SER
HIS

RsAt.Name | LgAt.Name

CG
OD1
OD2
CB
CB
CG
CG
CG
ND1
ND1
ND1
ND1
CE1l
CE1l
CEl
CG
CG
OD1
OD1
OD1
OD1
OD2
0OD2
ND2
CB
oG
oG
oG
ND1

OH1
OH1
OH1
NH1
OH1
CE

NH1
OH1
CE

NH1
NH2
OH1
CE

NH1
NH2
NH1
OH1
CG

CE

NH1
OH1
NH1
OH1

OXT

OXT
CE

Chain

> > > > > > > > > > > > > > > > >> > > > > > >> > > > >

(PDB id: 1k7w) ,( chain C) as calculated by the Lgb system.

Lg
Nbr

901
901
901
901
901
901
901
901
901
901
901
901
901
901
901
901
901
901
901
901
901
901
901
901
901
901
901
901
901

Bnd
Len

377
347
3.27
3.45
38

38

3.35
381
3.43
3.14
381
3.29
378
3.95
3.92
3.44
351
3.69
3.83
267
3.16
3.46
3.09
3.04
3.25
353
3.82
25

3.95

Bnd Type

van der Waals
H.Bond
H.Bond
H.Bond
van der Waals
van der Waals
H.Bond
van der Waals
H.Bond
H.Bond
H.Bond
H.Bond
van der Waals
H.Bond
H.Bond
H.Bond
van der Waals
van der Waals
van der Waals
H.Bond
H.Bond
H.Bond
H.Bond
H.Bond
van der Waals
van der Waals
H.Bond
H.Bond

H.Bond
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No SSE
No SSE
No SSE

> > > > > > > > > > > > > > > > > > > > P> > > > > > >

No SSE

139-142 H:
139-142 H:
139-142 H:
139-142 H:
139-142 H:
139-142 H:
139-142 H:
139-142 H:
139-142 H:
139-142 H:
139-142 H:
139-142 H:
183-194 H:
183-194 H:
183-194 H:
183-194 H:
183-194 H:
183-194 H:
183-194 H:
227-232 S:
227-232 S:
227-232 S:
234-236 H:
234-236 H:

141
141
141
141
141
141
141
141
141
142
142
142
183
183
183
183
183
183
186
232
232
232
234
234
246
246
246
246

HIS
HIS
HIS
HIS
HIS
HIS
HIS
HIS
HIS
GLY
GLY
GLY
ASP
ASP
ASP
ASP
ASP
ASP
GLU
ASP
ASP
ASP
ASP
ASP
THR
THR
THR
THR

ND1
CD2
CE1l
CE1
CE1l
NE2
NE2
NE2
NE2
CA

CA

CG

OD1
0oD2
0OD2
0oD2
0OD2
OE1
CG

0OD2
0oD2
OD1
OoD1
CB

0OG1
0oG1
0OG1

NH2
ND
ND
CE
NH2
CG
ND
CE
NH2

CG

OH1
NH1
OH1
NH2
OH1
NH2
ND

CE

NH2

> > > > > > > > > > > > > > >> >> > >>>>>>> > >

901
901
901
901
901
901
901
901
901
901
901
901
901
901
901
901
901
901
901
901
901
901
901
901
901
901
901
901

3.64
3.88
3.52
3.55
3.26
3.93
3.25
3.73
3.88
3.71
3.99
3.73
3.52
3.7

2.81
351
3.77
3.57
3.56
3.93
3.93
2.68
3.36
3.87
3.99
3.7

3.43
2.69

H.Bond
H.Bond
H.Bond
van der Waals
H.Bond
H.Bond
H.Bond
H.Bond
H.Bond
van der Waals
van der Waals
H.Bond
H.Bond
H.Bond
H.Bond
van der Waals
van der Waals
H.Bond
H.Bond
van der Waals
H.Bond
H.Bond
H.Bond
H.Bond
H.Bond
H.Bond
van der Waals

H.Bond

Table n°32: The binding environment details of the NNH bound the enzyme ARGS

(PDB id: 3KV2) ,( chain A) as calculated by the Lgb system.

Note: The rest of the binding details for other chains or other pdb entries are

stored in the online database.



I- 3D representation of the ligands binding motifs

Index |l

\

ligand motif 3d
pdb id id chain | Motif lineair representation motif +ligand motif binding site
structure.
| -
B | HLSLSL \ ~
7
3110 PLP
C HLSLSH %
.5/
o‘)
D HLSLSL \é
D




Index |l

3ETD

GLU

SLHSLH

GLU

SLHSLH

GLU

SLHSLH

GLU

SLHSLH




Index |l

SLHSLH

SLHSLH

3MVO

GLU

LHLHLH

GLU

LHLHLH




Index |l

GLU

LHLHLH

GLU

LHLHLH

LHLHH

LHLHLHH




Index |l

3MVQ

GLU SHSSLH

GLU SHSSLH

GLU SLHSLH
SHSSLHLH

GLU
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E SSHSSLH

F SLHSLHLH

Table n°34 : 3D representation of the ligands binding motifs associated with the
enzymes of amino acids degradation from the PDB entries
:3110,3ETD,3MVO,3MVQ.
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pdb | ligand | Chain | motif lineaire | motif 3d motif +ligand motif binding site
id id representation
structure

1JDB

NET B LHL

NET E LHL

NET H LHL

NET K LHL




Index |l

NET LHL
NET LHL
1736
NET LHL
NET LHL
1A9X | NET LHL




Index |l

NET LHL
NET LHL
NET LHL
KE | NET LHL




Index |l

LHL

LHL

LHL

LHSLHLHH

A

NET

NET

NET

PAO

10T
H
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2NZ2 | ASP LHL
CIR LHLSSLSH
ASP
LHS
1J17
CIR LHSSSSH
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LHSSSSSH

LHSSSSH

LHSSSSH

1IK7W

AS1

HHLHH
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HHHLHH

HHHLHH

HHHLHH

1TIwW

AS1

HHLHH




Index |l

HHLHH

HHLHH

HHLHH

3KV2

NNH

LHHSHL




Index |l

LHHSHL

3LP7

HAR

HLHHSHL

LHHSHL




Indexll

3CEV

ARG HHL I
.
HHL
HHL I
- .l




Index |l

HHHL

HHL

HLHLHSHL

HLHLHSHL
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C HLHLHSHL

D HLHLHSHL

E HLHLHSHL

F | HLHLHSHL

Table n°35:: 3D representation of the binding motifs associated with the enzymes

involved in urea cycle from the PDB entries .
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