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Abstract 

 

Abstract 

 
Metabolism is important for cell survival which is undertaken by specific enzymes. Healthy 

cells usually have normal metabolism pathways while sick cells show abnormal pathways. 

Understanding the function of enzymes responsible for metabolism pathways is one way to 

better understand metabolic related illnesses.  

As it has accumulated by a vast number of research studies in the field of structural biology 

and biology in general, that enzymes 3-dimensional (3D) structure dictates the function they do 

or, in other words, the function of enzymes necessitate a certain 3D structure where active site 

residues are exposed into favorable spatial environment and electro-chemical conditions that 

allow for the carrying out of the reactions needed in their biological function. 

In this work, enzymes involved in the Citric Acid Cycle (CAC) metabolism pathway have 

been selected for undertaking a structural-bioinformatics study to try and discover some of the 

underlying bases behind the structure and function relationship necessary in their biological 

function. 

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

as the Protein Data Bank or PDB which stores and distributes structural data for proteins and 

enzymes in complex forms with substrates or ligands. 

The study resulted in the detection, identification and description of a group of structural 

elements, termed in this study as Structural and Functional Motifs, which are deemed important 

in figuring out the bases behind the structure and function relationship in the CAC enzymes.  

 

Keywords: 

Proteins, Enzymes, Structure, Function, Krebs Cycle, Ligands, Structural and Functional 

Motifs, PDB, Databases, Structural Bioinformatics. 

 

 



Abstract 

 

 الملخص

ُذ حسهك انخلاَا انسهًُت ح ،يخخصصت إَضًَاث يعُُتَخذخم فٍ إَجاصها   نبماء انخهُت وانخٍ  تيهً الأَطعًهُت 

هى وظُفت فإٌ انسعٍ نيساساث غُش طبُعُت. حبذٌ لذ أَضُت طبُعُت فٍ حٍُ أٌ انخلاَا انًشَضت عًىيا يساساث 

 .ُتالأَضالإخخلالاث بلأيشاض انًخعهمت يع افضم الأحًكٍ يٍ انخعايم  الأَطانًسؤونت عٍ  الإَضًَاث

انخشكُب رلارٍ  أٌانهُكهُت وانبُىنىَحُا عًىيا  ثانبُىنىجُافٍ يجال  انذساساث والأبحاد يجًىعت يٍ أربخجكًا   

بعباسة أخشي،  أووانبشوحُُاث عهً انعًىو  الإَضًَاثانخٍ حمىو بها ىظُفت انخحكى فٍ انزٌ َهُكم ان هى نلإَضًَاث الأبعاد

 يىالعفٍ  انُشطت أو نتاانفعالأحًاض الأيُُُت  َخى اسخعشاضحُذ  تيعُُ رلارُت الأبعادفئٌ وظُفت الإَضًَاث حخطهب بُُت 

 انلاصيت نىظائفها انبُىنىجُت. انخفاعلاث يىاحُت حسًح بخحمُك

 لأسـسا بهذف اسخكشاف  أنسخشَكدوسة حًط  أو  حهمت كشَبس َضًَاث انًشاسكت فٍالإ دساست جحً بحذفٍ هزا ان  

 .هُكهُتورنك باعخًاد طشق انبحذ انًعخًذة عهً انًعهىياحُت انحُىَت ان وساء وظائفها انبُىنىجُت تانحُىَت انكايُ

انبُاَاث انذونُت انًعشوفت باسى بُك يعهىياث يٍ لاعذة يحًهت نهبشوحُُاث  انبُُت انفشاغُتكاٌ يٍ انضشوسٌ اسخخذاو    

فٍ أشكال يعمذة  والإَضًَاثهبشوحُُاث وَىصع انًعهىياث حىل انخشاكُب انفشاغُت نانزٌ َخضٌ  ) (PDB انبشوحٍُ

 .) (Ligandsانهُجُذاث ـًا َسًً ببأو يعُُت يع سكائض يخفاعهت 

 حذاث انهُكهُتبانىيجًىعت يٍ انعُاصش انهُكهُت )وحسًً هُا  كشف وتحديد ووصفال عٍوأسفشث انذساست   

عٍ  انًسؤونت الإَضًَاثنذي ىظُفت انعلالت بٍُ انخشكُب انفشاغٍ وان حجش انضاوَت فٍ الأسس وساءٍ حعخبش ( انخانىظُفُت

  .حهمت كشَبسجًهت انخفاعلاث انًشكهت ن

        الكلمات المفتاحية:

انًعهىياحُت  ،لىاعذ انبُاَاثانىظُفُت، انهُكهُت  ىحذاثان، اثانهُجُذ ،حهمت كشَبس ،تُفىظان ,انفشاغٍانخشكُب  ،انبشوحٍُ

         .انحُىَت انهُكهُت

 

 

 

 

 

 



Abstract 

 

Résumé 

Le métabolisme est important pour la survie de la cellule et  doit être réalisé par des enzymes 

spécifiques. Les cellules saines ont généralement des voies métaboliques normales tandis que les 

cellules malades montrent des voies anormales. La vision adopte par cette étude considère que 

pour comprendre les maladies liées au mauvais métabolisme, il faut d‟abord une compréhension 

de la relation entre la fonction et la structure tridimensionnelle des enzymes responsables des 

voies du métabolisme. 

Comme a été décrit par les études et les recherches dans le domaine de la biologie structurale et 

la biologie en général, que la structure tridimensionnelle des enzymes dictat leur fonction ou 

autrement dit, la fonction des enzymes nécessite une structure tridimensionnelle où les résidus du 

site actif sont exposés à des conditions favorables à la réalisation des réactions nécessaires pour 

leur fonction biologique. 

Dans ce travail, les enzymes impliquées dans la voie du métabolisme du cycle de l'acide 

citrique (cycle de Krebs) ont été sélectionnées pour une étude utilisant les principes de la 

bioinformatique structurale pour essayer de découvrir les bases derrière la relation entre la 

structure et la fonction chez les enzymes et les protéines en général. 

Il était nécessaire d'utiliser des structures spatiales des protéines à partir de la base de données 

internationale connue sous le nom « Protein Data Bank » ou PDB  qui stocke et distribue la 

structure tridimensionnelle des protéines et des enzymes en formes de complexes avec des 

substrats ou ligands. 

L'étude a abouti à la détection, l'identification et la caractérisation d'un groupe d'éléments 

structuraux (appelé ici comme les Motifs Structurales et Fonctionnelles) qui sont jugés dans ce 

travail comme importants vers la compréhension des bases derrière la relation « Structure et 

Fonction » des enzymes du cycle de Krebs. 

Mots clés : 

Protéines, enzymes, structure, fonction, cycle de Krebs, Ligands, Motifs Structurels et 

Fonctionnelles, PDB, Bases de Données, Bioinformatique Structurale. 
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General Introduction 

 

   Proteins are the most diverse biomolecules on Earth, performing many 

functions required for life. Protein functions are so diverse because of the 

many unique three-dimensional structures protein polymers form. Despite 

such variety, proteins also share several specific structural characteristics in 

their monomers. 

  The Ligands play an important role in several processes biological and 

make interactions with the proteins; this complex are stored in a base Global 

data (PDB) and regards the 3-dimensional structure of macromolecules to 

share an information on these structures with the scientific and international 

community.  

   The objective of this study is to analyze the binding site between the  

ligand and protein available in the database for identify, define and 

characterize the different structural units which can exist in the protein 

structures and the frequency of amino acids in each ligand studied. 

This project is divided into three chapters:  

 The first chapter: Literature Review 

   It talks about the concepts of protein and their structural levels as well 

as about the  Krebs cycle (Definition and Steps), PDB (Protein data Bank 

that stores an information on 3D structures of macromolecules and the end 

The other protein structures of banks  (Scop) and (Cath). 

 The second chapter: material and methods 

   The tools and material used are presented. 
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  In the third chapter: presents result and discussion 

 It talks about the results obtained in this study, their discussion and 

some important conclusions. 

 And the end the work is completed by a “General Conclusion”. 
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I. Generality on proteins 

A protein is a functional biological molecule that is made up of one or more polypeptides 

that are folded, coiled into a specific structure. Proteins are important macromolecules that 

serve as structural elements, transportation channels, signal receptors and transmitters, and 

enzymes. Proteins are linear polymers that are built up of the monomer units called amino 

acids. There are 20 different amino acids (see Annex I) and they are connected by a peptide 

bond between the carboxyl group and the amino group in a linear chain called a polypeptide 

(Benjamin Cummings, 2008). 

 

Figure 01: Configuration of Amino Acid. 

 

Figure 02: Peptide bonds connect amino acid into linear chains. 
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II. Levels of protein structure 

There are four levels of protein structure: 

II. 1. Primary Structure 

   The primary structure of a protein is the level of protein structure which refers to the 

specific sequence of amino acids. When two amino acids are in such a position that the 

carboxyl groups of each amino acid are adjacent to each other, they can be combined by 

undergoing a dehydration reaction which results in the formation of a peptide bond          

(Benjamin Cummings, 2008). 

 
 

Figure 3: Primary structure of protein. 
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II. 2. Secondary structure 

The three important secondary structures are α-helix, β-sheets, and β-turns. Also, the beta 

sheets can be parallel, antiparallel, beta sheets are more stable because the hydrogen bonds are 

at a nighty degree angles (Perticaroli S and al, 2013). 

  II. 2. 1. Types of secondary structure (figure 2) 

   II. 2. 1. A. The alpha-Helix 

Alpha (α) has a right-handed spiral conformation, in which every backbone N-H group 

donates a hydrogen bond to the backbone C=O group of the amino acid four residues before it 

in the sequence. 

 

 

 

 

 

 

 

Figure 4: Alpha-Helix. 

   II. 2. 1. B. Beta-Sheet 

Is a stretch of polypeptide chain, typically 3 to 10 amino acids long, with its backbone in 

an almost fully extended conformation, two or more parallel or antiparallel adjacent 

polypeptide chains of beta strand stabilized by hydrogen bonds form a beta-Sheet. For 

example, the proteins in silk have a beta-sheet structure. 
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                                                                  Figure 5: Beta-Sheet.  

 II. 2. 1. C. Turns and Loops 

Can be defined by the close approach of two Cα atoms (<7A°) in a stretch of residues not 

folded into a common secondary structure. Figure 3: EGF (PDB-entry 1ivo) colored by 

element. The names of the different loops and side chains of Cys are shown. 

 

 

 

 

 

 

 

 

 

 

 

Figure 6: Turns and Loops. 
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II. 2. 2. Ramachandran Plot 

Ramachandran plot a two-dimensional plot of the values of the backbone torsion angles 

phi and psi, with allowed regions indicated for conformations where there is no steric 

interference (Deane C-M and al, 1999). 

 

 

Figure 7: Importance and Determinants of Secondary Structure 

(Ramachandran plot). 
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II. 3.Tertiary structure 

 As the secondary structure becomes established due to the primary structure, a polypeptide 

folds and refolds upon itself to assume a complex three-dimensional shape called the protein 

tertiary structure. Tertiary structure is the overall shape of a polypeptide (Benjamin 

Cummings, 2008). 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 8: Tertiary structure. 

 

II. 4. Quaternary Structure 

While all proteins contain primary, secondary and tertiary structures, quaternary structures 

are reserved for proteins composed of two or more polypeptide chains. 

Quaternary structures can also define as when more than one protein comes together to 

create either a dimer, trimer, tetramer, etc...(Hector Viadiu, 2011). 

 

 

 



 

 

30 

Chapter I: Literature Review 

 

 

 

 

 

 

 

Figure 9: Quaternary Structure. 

 

III. Structural Motifs in proteins 

III. 1. Local Structural Motifs (Helices, Beta Strands & Sheets, Turns & 

Loops) 

III. 1. A. alpha helices          

                                                                                                                                   

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

secondary structure elements. Types of alpha helices. 

 

 

         Conformation 

 

Phi 

 

Psi 

 

Omega 

 

Alpha helix 

 

-57 

 

-47 

 

180 

 

3-10 helix 

 

-49 

 

-26 

 

180 

 

              Pi-helix 

 

57 

 

-70 

 

180 
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 III. 1. B. Beta-Strands & Sheets 

β-Sheets are structural configurations made of more than one β-stand held up by a number 

forces of which hydrogen bonds play major role. There are many types of β-Sheets: 

 Parallel Beta-Sheet. 

 Anti Parallel Beta-Sheet. 

 Beta Barrel motif 

 

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

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

 

 

 

 

 

 

 

 

 

Figure 10: Parallel beta-Sheet. 
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 Anti parallel beta-Sheet: A beta sheet often formed from contiguous regions of the 

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

immediate neighbors (Gellman S-H, 1998). 

 

 

 

 

 

 

 

 

Figure 11: Anti parallel beta-Sheet in blue.   

 Beta Barrel motif: A beta sheet in which the last strand is hydrogen bonded to the 

first strand, forming a closed cylinder (Gellman S-H, 1998). 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 12: Beta Barrel motif. 
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III. 1. C. Turns  

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

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

7A° apart (Némethy, George, 1972). 

The following summarize the existing types of turns: 

 α – Turn: a hydrogen bond(s) formed between residues (amino acids) are separated by 

four residues   (x        x+4). 

 Β – Turn: a hydrogen bond(s) between residues (amino acids) are separated by four 

residues   (x       x+3). 

 γ – Turn: a hydrogen bond(s) between residues (amino acids) are separated by four 

residues   (x       x+2). 

 π – Turn: a hydrogen bond(s) between residues (amino acids) are separated by four 

residues (x       x+5). 

 Beta Bulges: Beta bulge loops are commonly occurring motifs in proteins and 

polypeptides consisting of five to six amino acids (Milner-White, EJ, 1987). 

 

III. 2. Functional Motifs 

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

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

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

function. An example is zinc finger motif (Figure 13) and the helix-turn-helix (Figure 14) 

(Aitken A, 1999). 
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 Figure 13: Zinc finger motif a fragment derive from a mouse gene regulatory 

protein is shown, with three zinc fingers bound spirally in the major groove of a 

DNA molecule. The inset shows the coordination of a zinc atom by 

characteristically spaced cysteine and histidine residues in a single zinc finger 

motif. The image is of Zif268. (PDB 1aay). 

 

Figure 14: Helix-turn-helix The DNA-binding domain of the bacterial gene 

regulatory protein lambda repressor, with the two helix-turn-helix motifs shown in 

color. The helices closest to the DNA are the reading or recognition helices, which 

bind in the major groove and recognize specific gene regulatory sequences in the 

DNA. (PDB 1lmb)                             
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IV. Experimental methods for determining protein 

structures 

IV. 1. X-ray crystallography 

IV. 1. 1. Definition 

 X-ray crystallography reveals the spatial structure of molecules by measuring how they 

scatter X-ray radiation when arranged in a crystal lattice. Two broad fields may be 

distinguished: small molecule crystallography deals with a small number of atom positions 

and typically well-ordered crystals, while macromolecular (usually protein) crystallography 

determines a much larger number of atomic positions, usually despite considerable crystalline 

disorder  (Drenth J, 1994). 

 Their common goal is to calculate the electron density distribution in the crystal from 

measured X-ray diffraction intensities. The electron density and diffraction intensities are 

represented by mathematical functions, which may be interconverted variously using 

the transform, convolution and complex product operations if the phases of the diffracted X-

rays are known. Because the phases are not directly measurable, the dilemma known as the 

“phase problem” arises. Several methods exist that enable phase estimate (Rhodes G, 2000). 

 

Figure 15: View of the entire machine and (right) a crystal mounted on a 

goniometer shown with the x-ray generator and detector (Drenth J, 2007). 

http://dx.doi.org/10.1007/3-540-29623-9_9163
http://dx.doi.org/10.1007/3-540-29623-9_9198
http://dx.doi.org/10.1007/3-540-29623-9_9200
http://dx.doi.org/10.1007/3-540-29623-9_9200
http://dx.doi.org/10.1007/3-540-29623-9_9202
http://dx.doi.org/10.1007/3-540-29623-9_9201
http://dx.doi.org/10.1007/3-540-29623-9_9196
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IV. 1. 2. Principle 

 X-ray crystallography has long been a vital method for studying the structure of proteins 

and other macromolecules. As the importance of proteins continues to grow, in fields from 

biochemistry and biophysics to pharmaceutical development and biotechnology, many 

researchers have found that knowledge of X-ray diffraction is an indispensable tool. In this 

new edition of his essential work, Dr. Jan Drenth, recognized internationally for his numerous 

contributions to crystallographic research, has provided an up-to-date and technically rigorous 

introduction to the subject. 

 Principles of Protein X-ray Crystallography provide the theoretical background necessary 

to understand how the structure of proteins is determined at atomic resolution. It is intended to 

serve as an introduction for graduate students, postdoctoral researchers, and established 

scientists who want to use protein crystallography in their own endeavors, or need to 

understand the subject in order to critically evaluate the literature. New additions to the book 

include a section on twinning, an additional chapter on crystal growth and a discussion of 

single-wavelength anomalous dispersion (SAD) (Drenth J, 1994). 

Figure 16: Workflow for solving the structure of a molecule by X-ray 

crystallography. 
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IV. 2. Nuclear magnetic resonance (NMR) 

IV. 2. 1. Definition 

  Nuclear Magnetic Resonance (NMR) spectroscopy is an analytical chemistry technique 

used in quality control and research for determining content and purity of a sample as well as 

its molecular structure. For example, NMR can quantitatively analyze mixtures containing 

known compounds. For unknown com pounds, NMR can either be used to match against 

spectral libraries or to infer the basic structure directly. Once the basic structure is known, 

NMR can be used to determine molecular conformation in solution as well as studying 

physical properties at the molecular level such as conformation in solution as well as studying 

physical properties at the molecular level such as conformational exchange, phase changes, 

solubility, and diffusion. In order to achieve the desired results, a variety of NMR techniques 

are available. The basics of NMR are described here. (Zeroka D, Hameka H-F, 1966). 

 

 

Figure 17: High Field NMR. 



 

 

38 

Chapter I: Literature Review 

 

IV. 2. 2. Principle 

The principle of NMR imaging. The inductive sensing method of NMR signals applies to 

macroscopic samples. In homogeneous field intensity, all the nuclear spins located in the 

same environment resonate at the same Larmor frequency, regardless of their spatial location 

in the sample. To produce an image, that is to say locate the resonating nuclei in a sample, it 

is necessary to place the not homogeneous field in a sample, but in an inhomogeneous field, 

so that each ring may resonate at a frequency dependent on its position in the échantillon22. 

Practically, a field gradient is added to the main field in three orthogonal directions in order to 

locate spins in space. The spatial resolution is mainly determined by the intensity of the 

gradient, that is to say the amplitude of the magnetic field variation as a function of distance. 

Indeed, the variation in frequency between two points is directly proportional to this gradient: 

In its simplest version, just gradually change the frequency of detection to observe a particular 

region of space. However, this process is too long for practical applications, particularly in 

medicine. On modern imaging, the gradient fields are pulsed and processed by Fourier 

transform signals, in order to accelerate the time measurements (Fernande D. Rochon Al, 

2004). 

 

IV. 3. Cryo-electron microscopy (Cryo-EM) 

IV. 3. 1. Definition 

Single-particle Cryo-electron microscopy (Cryo-EM), is an increasingly popular technique 

used by structural biologists to solve structures at atomic resolution. This technique 

complements x-ray crystallography because it reveals structural details without the need for a 

crystalline specimen. Through the examination of a frozen-hydrated specimen in vitreous 

(non-crystalline) ice, the specimen ultra structure, buffer and ligand distribution from its 

native state are maintained. Cryo-EM also complements structural studies using nuclear 

magnetic resonance (NMR) in that it enables the study of specimens larger than 150 kDa. 

Structural biologists frequently use Cryo-EM to study viruses, small organelles, and 

macromolecular biological complexes, as well as molecular interactions in supramolecular 

assemblies or machines (Hoenger A, Boucher-Marquis C, 2011). 
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During Cryo-EM, a transmission electron microscope (TEM) is used to record high 

resolution images of thousands to hundreds of thousands identical, but randomly oriented, 

particles (molecules) from each specimen. These images are then grouped, aligned, and 

averaged with image classification algorithms to distinguish between multiple orientations of 

the 3D molecule. With a well-behaved sample, Cryo-EM can solve molecular structures with 

a resolution approaching 2 Å; a resolution level that was inconceivable only a few years ago. 

 

 

Figure 18: Machine of the Cryo- EM. 
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IV. 3. 2. Principle 

Cryo-EM is based on transmission electron microscopy (TEM), including the basic steps 

of sample preparation, imaging, image processing, and structure analysis (Figure19). In 

TEM, electrons generated by an electron gun are accelerated to very high energies in the high 

vacuum of the microscope column. Because high-speed electrons are deflected by magnetic 

fields, a series of electromagnetic lenses condense the electrons and then focus them on the 

specimen. The transmitted electrons are detected and form recorded images that are magnified 

by factors of 103/105. Computer programs then solve the detailed structure of the sample 

from the magnified images. 

Biological samples present several technical challenges for TEM: 

The high vacuum is not compatible with hydrated samples. -  biological samples are 

mainly composed of light elements that are vulnerable to damage from high-  energy 

electron- Light elements interact with electrons weakly, lowering image contrast (Frank 

J, 2009). 

 

 

 

 

 

 

 

 

 

 

Figure 19: Workflow of Cryo-EM structure determination. 
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V. Protein data Bank (PDB) 

V. 1. What’s the PDB 

Biologists and biochimistes use sequence databases, structure databases, literature 

databases, etc. The databases we will learn here is called the Protein databases (PDB). The 

PDB has all known 3D structures of proteins, DNAs and RNAs. To find the PDB on the web, 

type „PDB‟ into Google, and go to the first link returned, which is: 

      http://www.rcsb.org/pdb/home/home.do 

You need to download the Protein structures (i.e., the PDB files) that you are going to 

study, to your own computer. Each structure is in a PDB file with a name that does not carry 

much information. A PDB file is a simple text file with the(x; y; z) coordinates of all the 

atoms in the Protein (Berman H-M and all, 2000). 

 

Figure 20: PDB – Protein Data Bank Page. 

http://www.rcsb.org/pdb/home/home.do
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V. 2. Members PDB 

The RCSB PDB is a member of the wwPDB, a collaborative effort with PDBe (UK), PDBj 

(Japan), and BMRB (USA) to ensure the PDB archive is global and uniform. 

 As the wwPDB archive keeper, the RCSB PDB updates the PDB archive 

atftp://ftp.wwpdb.org weakly. The structures included in each release are highlighted on the 

RCSB PDB home page and clearly defined on the FTP site. These sites are maintained 24 

hours a day, seven days a week. A failover system automatically (Berman H-M and al, 

2003). 

 

Figure 21: Members PDB. 

 

V. 2. 1. Protein Data Bank (RCSB) 

Simple and advanced searching for macromolecules and Ligands, tabular reports, 

specialized visualization tools, sequence-structure comparisons, RCSB PDB Mobile, 

Molecule of the Month and other educational resources at PDB-101, and more. 
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V. 2. 2. Biological Magnetic Resonance Bank (BMRB) 

Collects NMR data from any experiment and captures assigned chemical shifts, coupling 

constants, and peak lists for a variety of macromolecules; contains derived annotations such 

as hydrogen exchange rates, pKa values, and relaxation parameters. 

 

V. 2. 3. Protein Data Bank Europe (PDBe) 

Rich information about all PDB entries, multiple search and browse facilities, advanced 

services including PDBePISA, PDBe Fold and PDBe Motif, advanced visualisation and 

validation of NMR and EM structures, tools for bioinformaticians. 

 

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

 Supports browsing in multiple languages such as Japanese, Chinese, and Korean; 

identifies functionally or evolutionarily conserved motifs by locating and annotating sequence 

and structural similarities, tools for bioinformaticians, and more (Berman H-M and al, 

2003). 
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VI. The other protein structures of banks 

The classification and comparison of the more than 50'000 protein structures deposited in 

the PDB (Berman H-M and al) is an essential step to extract valuable knowledge from protein 

structure data ( Berman H-M and al, 2000). 

Today, the two most prominent protein structure classification schemes are SCOP 

(Andreeva A and dell, 2008) and CATH (Greene L-H and al, 2007) both partition proteins 

into domains.  

These domains are classified in a hierarchical manner:  

VI. 1. SCOP (Structural Classification of Proteins) 

The SCOP database is mainly based on expert knowledge and, on the first level of the 

hierarchy, defines four major classes namely all α, all β, α/β as well as α + β describing the 

content of secondary structure elements in the domain. 

SCOP sorts protein domains into classes:    Fold, super families, families. 

                                                                                           

VI. 2. CATH (Class Architecture Topology and Homology) 

 CATH starts at the class level defining three major classes of secondary structure content 

(all α, all β and α/β).  

The four major levels of CATH are class: architecture, - topology, and homologous, -super 

family.   
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VI. Citric acid cycle (Krebs cycle) 

VI. I. Definition 

 The citric acid cycle also known as the tricarboxylic acid cycle (TCA cycle), the Krebs 

cycle, or the Szent-Gyorgyi-Krebs cycle is a series of enzyme catalysed chemical reactions, 

which is of central importance in all living cells that use oxygen as part of cellular respiration. 

In eukaryotic cells, the citric acid cycle occurs in the matrix of the mitochondrion. The 

components and reactions of the citric acid cycle were established by seminal work from 

Albert Szent-Gyorgyi and Hans Krebs. In aerobic organisms, the maerianne is part of a 

metabolic pathway involved in the chemical conversion of carbohydrates, fats and proteins 

into carbon dioxide and water to generate a form of usable energy. Other relevant reactions in 

the pathway include those in glycolysis and pyruvate oxidation before the citric acid cycle and 

oxidative phosphorylation after it. In addition, it provides precursors for many compounds 

including some amino acids and is therefore functional even in cells performing fermentation. 

(Raven, Peter, 2005). 

 

Figure 22:  Citric acid cycle (Krebs cycle enzymes). 
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II. 2. Steps cycle enzymes 

There are eight steps (Raven, Peter, 2005) 

 Step1: The acetic acid subunit of acetyl CoA is combined with oxaloacetate to form 

a molecule of citrate through the enzyme citric synthase. 

The acetyl coenzyme A acts only as a transporter of acetic acid from one enzyme to 

another. 

 After Step1, the coenzyme is released by hydrolysis. So that it may combine with 

another acetic acid molecule to begin the Krebs cycle again. 

 

 

 

.

  

 

 

Figure 23: Formation of citrate. 

 

 Step2: The citric acid molecule undergoes an isomerisation through the use of the 

enzyme Aconitase. A hydroxyl group and a hydrogen molecule are removed from the 

citrate structure in the form of water. 
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The two carbons form a double bond until the water molecule is added back.Only 

now, the hydroxyl group and hydrogen molecule are reversed with respect to the 

original structure of the citrate molecule. Thus, Isocitrate is formed. 

 

 

 

 

 

 

 

 

Figure 24: Formation of Isocitrate. 

 

 Step3: In this step, the Isotrate molecule is oxidized by a NAD molecule through the 

use of the enzyme Isocitrate Synthase. The NAD molecule is reduced by the 

hydrogen atom and the hydroxyl group. The NAD binds with a hydrogen atom and 

carries off the other hydrogen atom leaving a carbonyl group. This structure is very 

unstable, so a molecule of CO2 is released creating alpha-Ketoglutarate 

 

 

 

 

 

 

Figure 25: Formation of alpha Ketoglutarate. 
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 Step 4 : In this alpha-Ketoglutarate is oxidized through the use of the enzyme alpha-

Ketoglutarate dehydrogenase.A molecule of NAD is reduced again to form NADH 

and leaves with another hydrogen. 

This instability causes a carbonyl group to be released as carbon dioxide and a 

thioester bond is formed in its place between the former alpha-Ketoglutarate and 

coenzyme A to create a molecule of Succinyl-coenzyme. 

 

 

 

 

 

 

Figure 26: Formation of Succinyl-CoA. 

 

 Step 5: A water molecule sheds is hydrogen atoms to coenzyme A. Then, a free-

floating phosphate group displaces coenzyme A and forms a bond with the Succinyl 

complex by using the enzyme Succinyl-CoA synthase. The phosphate is then 

transferred to a molecule of GDP to produce an energy molecule of GTP. It leaves 

behind a molecule of Succinate.                                                                                              
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Figure 27: Formation of Succinate. 

 

 

 Step6: In this step, Succinate is oxidized by a molecule of FAD (Flavin adenine 

dinucleotide) through the use of the enzyme Succinate Dehydrogenase. The FAD 

removes two hydrogen atoms from the Succinate and forces a double bond to form 

between the two carbon atoms, thus creating Fumarate. 

                                                                                              

Figure 28: Formation of Fumarate. 

 

 Step7: An enzyme adds water to the Fumarate molecule to form Malate through the 

use of the enzyme Fumarase. 

The Malate is created by adding one hydrogen atom to a carbon atom and then 

adding a hydroxyl group to a carbon next to a terminal. 
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Figure 29: Formation of Malate. 

 

 Step8: in this final step, the Malate molecule is oxidized by a NAD molecule 

through the use of the enzyme Malate Dehydrogenase. The carbon that carried the 

hydroxyl group is now converted into a carbonyl group. 

                                                                          

Figure 30: Rgeneration of Oxaloacetate. 

 The end product is oxaloacetate which can then combine with acetyl-coenzyme A and 

begin the Krebs cycle all again. 
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Chapter II: Material and Methods. 
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 Objectives: 

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

between the structure and function in the enzymes of the Krebs cycle or the Citric Acid Cycle 

(CAC). 

Structural data related to the enzymes of the CAC cycle and their bound Ligands had to be 

located and prepared to properly carry out this structure-function relationship investigation. 

The steps followed in achieving the goals of this study can be summarized in the 

following: 

I. Data preparation. 

II. Data mining: Ligands Binding details calculation.  

III. Flat-File Database: Binding details annotation and storing. 

IV. Database Access. 

 

I. Data Preparation 

 As explained in the first chapter, macromolecular structure (DNA, RNA and Proteins) that 

are calculated at the different institutes around the world are send for annotation and storing to 

the PDB database. Generally the structure of proteins, which are the subject of interest in this 

project, are stored by the PDB in the form of entries that have codes of 4 digits (see table 

below), these entry codes are also called identification codes or PDB IDs that are used to 

access the structural data provided in the relevant entries. 

I. 1. The List of Protein Structures 

All of the eight (8) enzymes involved in the CAC metabolic pathway, as explained in 

chapter I, have representative 3D-stuctures that are found in the PDB database. The structures 

are found in complex with their substrates or substrate analogues. For reasons to enrich the 

discovery that may exist more than one entry of each enzyme have been selected for the study 

whenever is possible and relevant. 
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The PDB entries used this project amounted therefore to 32 ids. To facilitate the study, all 

of the PDB structures have been selected to be those determined by the X-ray crystallography 

method. 

The table below represents the list of protein structures in complex with Ligands relevant 

to the CAC pathway. Resolution and R-factor which reflect the quality of the structures under 

study are also shown in the table. 

Enzymes Codes Substrats Méthode Resolution R-Value) 

Citrate synthase 

1AJ8 
1IXE 
2C6X 
2P2W 
2R9E 
6CSC 

CITRIC ACID 
CITRIC ACID 
CITRIC ACID 
CITRATE ANION 
S-CITRYLDETHIA 
COENZYME A 
CITRIC ACID 

X-RAY 
DIFFRACTION 

 

1.9A° 
2.3A° 
3.4A° 
1.7A° 

1.95A° 
2.25A° 

0.191 
0.177 
0.284 
0.175 
0.157 
0.158 

Aconitase 

1ACO 
1FGH 

 
1L5J 

ACONITATE ION 
4-HYDROXY-ACONITATE 
ION 
ACONITATE ION 

X-RAY 
DIFFRACTION 

 

2.05A° 
2.05A° 
2.4A° 

0.168 
0.177 
0.151 

Isocitrate 
Dehydrogenase 

1ITW 
1XKD 
2UXR 
4AJ3 
4AJB 
4BNP 

ISOCITRIC ACID 
 

X-RAY 
DIFFRACTION 

1.95A° 
2.3A° 
2.3A° 
1.9A° 
1.8A° 
2.0A° 

0.193 
0.226 
0.195 
0.189 
0.183 
0.163 

α- Ketoglutarate 
Dehydrogenase 

 

3INM 
4L06 
4L04 
4L03 
4KZO 
4AJR 
4AJC 
3o9Z 
1CW4 

2-OXOGLUTARIC ACID 
 

 
X-RAY 

DIFFRACTION 
 

2.1A° 
2.28A° 
2.87A° 
2.1A° 
2.2A° 

2.69A° 
2.3A° 

1.45A° 
2.1A° 

0.220 
0.224 
0.200 
0.189 
0.178 
0.160 
0.175 
0.194 
0.184 

SUCCINYL-CoA-
Synthetase 

2BWO 
2BWN 

SUCCINYL-COENZYME A 
SUCCINIC ACID 

X-RAY 
DIFFRACTION 

 

2.8 Å 
2.1 Å 

0.160 
0.161 

Succinate 
Dehydrogenase 

2W8Q 
4LH2 
2DJL 
3JU8 

SUCCINIC ACID 
 

 
X-RAY 

DIFFRACTION 

2,4 
1 ,67 
1,38 
1,82 

0,224 
0,164 
0,165 
0,158 
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Table 02:  Protein/Enzyme structure (PDB codes) of the CAC pathway. Method 

 of determination Resolution and R-factor. 

 

I. 2. List of Ligands 

The Table bellow represents all of the Ligands used in this project that make contacts with 

the proteins (reported in Table 02).  

 

 

 

Fumarase 4APB FUMARIC ACID 
X-RAY 

DIFFRACTION 
1.94 Å 0.147 

Malate 
Dehydrogenase 

2dfd 
MALATE ION 
 

X-RAY 
DIFFRACTION 

1.9 Å 0.194 

Ligand Name Formula Ligand ID PDB ID 

CITRIC ACID 
 

C6 H8 O7 
 

CIT 
 

1AJ8, 1IXE, 2C6X, 
6CSC 

CITRATE ANION 
 

C6 H5 O7 (3-) 
FLC 

 
2P2W 

S-CITRYLDETHIA 
COENZYME A 

 

C28 H46 N7 O22 P3 
 

SDX 
 

2R9E 

ACONITATE ION 
 

C6 H3 O6 (3-) 
 

TRA 
 
 

1ACO, 1L5J 

4-HYDROXY-ACONITATE 
ION 

 

C6 H3 O7 (3-) 
 

ATH 1FGH 

ISOCITRIC ACID 
 

C6 H8 O7 
 

ICT 
 

1ITW, 1XKD, 2UXR, 
4AJ3, 4AJB, 4BNP 
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Table 03: List of Ligands, their PDB IDs, Name and general formulas. 

 

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 CIT, FLC and SDX are 

analogues to the natural substrate “Oxaloacetate”. These analogues are, in addition, used by the 

structures‟ producers to study the various aspects of the enzymes binding sites and reaction 

dynamics. 

 

 

 

 

 

SUCCINIC ACID 
 

C4 H6 O4 
 

SIN 
 

2BWN, 2W8Q, 4LH2, 
2DJL, 3JU8 

FUMARIC ACID C4 H4 O4 FUM 4APB 

 
MALATE ION 

 
C4 H5 O5 (1-) 

 

 
MLT 

2DFD 

2-OXOGLUTARIC ACID 
 

C5 H6 O5 
 

AKG 
 

3INM, 4L06, 4L04, 4L03, 
4KZO, 4AJR, 4AJC, 3o9Z, 

1CW4 

SUCCINYL-COENZYME A 
 

C25 H40 N7 O19 P3 S 
 

SCA 
 

2BWO 
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I. 3. Ligands Chemistry 

        Here we choose the Ligands chemistry of Succinyl-coA synthase. . 

      For the others enzymes see: 

Ligand Name Formula Ligand ID Ligand Chemistry 

CITRIC ACID 
 

C6 H8 O7 
 

CIT 
 

 

CITRATE ANION 
 

C6 H5 O7 (3-) 
FLC 
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ACONITATE ION 
 

C6 H3 O6 (3-) 
 

TRA 
 
 

 

S-CITRYLDETHIA 
COENZYME A 

 

C28 H46 N7 O22 P3 
 

SDX 
 

 

4-HYDROXY-
ACONITATE ION 

 
C6 H3 O7 (3-) ATH 
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2-
OXOGLUTARIC 

ACID 
 

C5 H6 O5 
AKG 

 

 

ISOCITRIC 
ACID 

 
C6 H8 O7 

ICT 
 

 

SUCCINYL-
COENZYME A 

 

C25 H40 N7 O19 P3 
S 

SCA 
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FUMARIC ACID C4 H4 O4 FUM 

 

 

SUCCINIC ACID 
 

C4 H6 O4 
SIN 
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Table 04: Stereo chemistry of the Ligands under study. 

 

 

 

 

 

 

 

 

 

 

 

 

 
MALATE ION 

 
C4 H5 O5 (1-) 

 

 
MLT 
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II. Data mining: Ligands Binding details calculation 

II. 1.Calculation of the Ligands Binding details:  

The technique of Data Mining which is the systematic collection of data has been 

employed to collect the details of binding environment existing between the enzymes and 

their Ligands as found in the above selected PDB structures.  

The Ligand Binding system (Lgb; http://bioinfrmaticstools.org/prjs/lgb) which is a lighter 

version from the Sequence Structure Function Server – SSFS (A. Rachedi, 2011, Gloving A 

et. al., 2005) was used to calculate the binding environment details between the Ligands and 

the enzymes.  

The table below, Table 05, is an example that represents the output of the Lgb for the 

enzyme Aconitase and its ligand the Aconitate Ion (ID: TRA) as found in the PDB entry 1aco. 

The Lgb is used as shown in Figure 30. 

 

Figure 31: Capture the interface of the site Lgb. 
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Entry: 1aco LYASE (CARBON-OXYGEN)  

Protein-Ligand Environment 

Protein 

Residues  
Ligand 

 
Bonds 

Chain SSelm Name Number Atom 
 

Chain Name Number Atom 
 

Distance/Å 
Possible 

Bond Type 

A 67-73 S: 1 GLN 72  CD  
 

A TRA 755  OA2 
 

3.87 van der Waals 

A 67-73 S: 1 GLN 72  OE1 
 

A TRA 755  OA2 
 

3.93 H.Bond 

A 67-73 S: 1 GLN 72  NE2 
 

A TRA 755  CA 
 

3.7 H.Bond 

A 67-73 S: 1 GLN 72  NE2 
 

A TRA 755  CB 
 

3.96 H.Bond 

A 67-73 S: 1 GLN 72  NE2 
 

A TRA 755  CAC 
 

3.7 H.Bond 

A 67-73 S: 1 GLN 72  NE2 
 

A TRA 755  OA2 
 

2.93 H.Bond 

A No SSE ALA 74  CB  
 

A TRA 755  OA2 
 

3.5 van der Waals 

A No SSE THR 75  CG2 
 

A TRA 755  OA2 
 

3.59 van der Waals 

A No SSE HIS 101  CD2 
 

A TRA 755  OA2 
 

3.94 van der Waals 

A No SSE HIS 101  NE2 
 

A TRA 755  CG 
 

3.56 H.Bond 

A No SSE ASP 165  CA  
 

A TRA 755  OB2 
 

3.33 van der Waals 

A No SSE ASP 165  C  
 

A TRA 755  OB2 
 

3.52 van der Waals 

A No SSE ASP 165  CG  
 

A TRA 755  CBC 
 

3.72 van der Waals 

A No SSE ASP 165  CG  
 

A TRA 755  OB1 
 

3.92 van der Waals 

A No SSE ASP 165  CG  
 

A TRA 755  OB2 
 

3.87 van der Waals 

A No SSE ASP 165  OD1 
 

A TRA 755  CB 
 

3.33 van der Waals 

A No SSE ASP 165  OD1 
 

A TRA 755  CG 
 

3.49 van der Waals 

A No SSE ASP 165  OD1 
 

A TRA 755  CBC 
 

3.32 van der Waals 

A No SSE ASP 165  OD1 
 

A TRA 755  OB1 
 

3.71 H.Bond 

A No SSE ASP 165  OD1 
 

A TRA 755  OB2 
 

3.69 H.Bond 

A No SSE ASP 165  OD2 
 

A TRA 755  CBC 
 

3.95 van der Waals 

A No SSE ASP 165  OD2 
 

A TRA 755  OB1 
 

3.75 H.Bond 

A 166-174 H: 5 SER 166  N  
 

A TRA 755  CBC 
 

3.47 H.Bond 

A 166-174 H: 5 SER 166  N  
 

A TRA 755  OB1 
 

3.45 H.Bond 

A 166-174 H: 5 SER 166  N  
 

A TRA 755  OB2 
 

2.82 H.Bond 

A 166-174 H: 5 SER 166  CA  
 

A TRA 755  OB2 
 

3.83 van der Waals 

A 166-174 H: 5 SER 166  CB  
 

A TRA 755  OB1 
 

3.52 van der Waals 

A 166-174 H: 5 SER 166  CB  
 

A TRA 755  OB2 
 

3.65 van der Waals 
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A 166-174 H: 5 SER 166  OG  
 

A TRA 755  OB1 
 

2.7 H.Bond 

A 166-174 H: 5 SER 166  OG  
 

A TRA 755  OB2 
 

3.67 H.Bond 

A 423-425 H: 5 ILE 425  CG2 
 

A TRA 755  CGC 
 

3.91 van der Waals 

A 423-425 H: 5 ILE 425  CG2 
 

A TRA 755  OG1 
 

3.99 van der Waals 

A No SSE ARG 447  NH1 
 

A TRA 755  CGC 
 

3.68 H.Bond 

A No SSE ARG 447  NH1 
 

A TRA 755  OB1 
 

3.17 H.Bond 

A No SSE ARG 447  NH1 
 

A TRA 755  OG1 
 

3.38 H.Bond 

A No SSE ARG 447  NH1 
 

A TRA 755  OG2 
 

3.53 H.Bond 

A No SSE ARG 452  CZ  
 

A TRA 755  OG1 
 

3.75 van der Waals 

A No SSE ARG 452  CZ  
 

A TRA 755  OG2 
 

3.68 van der Waals 

A No SSE ARG 452  NH1 
 

A TRA 755  CGC 
 

3.7 H.Bond 

A No SSE ARG 452  NH1 
 

A TRA 755  OG1 
 

2.97 H.Bond 

A No SSE ARG 452  NH1 
 

A TRA 755  OG2 
 

3.67 H.Bond 

A No SSE ARG 452  NH2 
 

A TRA 755  CGC 
 

3.61 H.Bond 

A No SSE ARG 452  NH2 
 

A TRA 755  OG1 
 

3.68 H.Bond 

A No SSE ARG 452  NH2 
 

A TRA 755  OG2 
 

2.87 H.Bond 

A No SSE ARG 580  CZ  
 

A TRA 755  CAC 
 

3.99 van der Waals 

A No SSE ARG 580  CZ  
 

A TRA 755  OA1 
 

3.52 van der Waals 

A No SSE ARG 580  CZ  
 

A TRA 755  OA2 
 

3.81 van der Waals 

A No SSE ARG 580  NH1 
 

A TRA 755  OA1 
 

3.18 H.Bond 

A No SSE ARG 580  NH2 
 

A TRA 755  CAC 
 

3.12 H.Bond 

A No SSE ARG 580  NH2 
 

A TRA 755  OA1 
 

3.05 H.Bond 

A No SSE ARG 580  NH2 
 

A TRA 755  OA2 
 

2.71 H.Bond 

A No SSE SER 642  CA  
 

A TRA 755  CBC 
 

3.86 van der Waals 

A No SSE SER 642  CA  
 

A TRA 755  OB1 
 

3.82 van der Waals 

A No SSE SER 642  CA  
 

A TRA 755  OB2 
 

3.83 van der Waals 

A No SSE SER 642  C  
 

A TRA 755  OB2 
 

3.92 van der Waals 

A No SSE SER 642  CB  
 

A TRA 755  CBC 
 

3.9 van der Waals 

A No SSE SER 642  CB  
 

A TRA 755  OG1 
 

3.44 van der Waals 

A No SSE SER 642  OG  
 

A TRA 755  CA 
 

2.9 van der Waals 

A No SSE SER 642  OG  
 

A TRA 755  CB 
 

3.17 van der Waals 

A No SSE SER 642  OG  
 

A TRA 755  CAC 
 

3.65 van der Waals 

A No SSE SER 642  OG  
 

A TRA 755  CBC 
 

3.29 van der Waals 

A No SSE SER 642  OG  
 

A TRA 755  OA1 
 

3.32 H.Bond 

A No SSE SER 642  OG  
 

A TRA 755  OB1 
 

3.88 H.Bond 

A No SSE SER 642  OG  
 

A TRA 755  OB2 
 

3.43 H.Bond 

A No SSE SER 642  OG  
 

A TRA 755  OG1 
 

3.37 H.Bond 

A No SSE SER 643  N  
 

A TRA 755  CBC 
 

3.82 H.Bond 
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Table 05:  The binding environment details of the TRA bound the enzyme Aconitase 

(PDB ID: 1ACO) as calculated by the Lgb system. 

 

 

 

 

 

A No SSE SER 643  N  
 

A TRA 755  OB2 
 

3.04 H.Bond 

A No SSE SER 643  CA  
 

A TRA 755  OB2 
 

3.86 van der Waals 

A No SSE SER 643  CB  
 

A TRA 755  OB2 
 

3.6 van der Waals 

A No SSE SER 643  OG  
 

A TRA 755  CBC 
 

3.97 van der Waals 

A No SSE SER 643  OG  
 

A TRA 755  OB2 
 

2.76 H.Bond 

A No SSE ARG 644  CB  
 

A TRA 755  OA1 
 

3.82 van der Waals 

A No SSE ARG 644  CD  
 

A TRA 755  OA1 
 

3.94 van der Waals 

A No SSE ARG 644  NE  
 

A TRA 755  OA1 
 

2.93 H.Bond 

A No SSE ARG 644  CZ  
 

A TRA 755  OA1 
 

3.49 van der Waals 

A No SSE ARG 644  NH2 
 

A TRA 755  OA1 
 

3.36 H.Bond 

A No SSE ARG 644  NH2 
 

A TRA 755  OG1 
 

3.1 H.Bond 

A Water HOH 1000  O  
 

A TRA 755  CB 
 

3.88 van der Waals 

A Water HOH 1000  O  
 

A TRA 755  CG 
 

3.45 van der Waals 

A Water HOH 1000  O  
 

A TRA 755  CBC 
 

3.39 van der Waals 

A Water HOH 1000  O  
 

A TRA 755  CGC 
 

3.5 van der Waals 

A Water HOH 1000  O  
 

A TRA 755  OB1 
 

2.63 H.Bond 

A Water HOH 1000  O  
 

A TRA 755  OG2 
 

2.98 H.Bond 

A Water HOH 1000  H1  
 

A TRA 755  CBC 
 

3.66 
 

A Water HOH 1000  H1  
 

A TRA 755  OB1 
 

2.97 
 

A Water HOH 1000  H1  
 

A TRA 755  OG2 
 

3.93 
 

A Water HOH 1000  H2  
 

A TRA 755  CB 
 

3.53 
 

A Water HOH 1000  H2  
 

A TRA 755  CG 
 

3.34 
 

A Water HOH 1000  H2  
 

A TRA 755  CBC 
 

2.82 
 

A Water HOH 1000  H2  
 

A TRA 755  CGC 
 

3.17 
 

A Water HOH 1000  H2  
 

A TRA 755  OB1 
 

1.83 , Covalent 

A Water HOH 1000  H2  
 

A TRA 755  OB2 
 

3.73 
 

A Water HOH 1000  H2  
 

A TRA 755  OG2 
 

2.79 
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The binding details shown in the table above and presented in the columns are explained in 

the following:  

 The set of columns “Protein residues”: These columns show the atoms of the 

enzyme residues (AA) that bind with the ligand. The residues are also annotated in 

terms of what secondary structure elements (helix, b-sheet or loop) they may belong 

to.  

 The set of columns “Ligand”: Atoms of the ligand that are interacted with the 

protein. 

 The column “Bonds”:  Types of possible bonds and their lengths. 

 Using the Lgb system, the binding environment details of all the Ligands associated with 

the 32 PDB structures have been calculated, collected and stored into a system of organized 

files (see Flat-Files database section).  

II. 2. The Ligand Binding details and Motifs construction: 

  As seen above in the binding details, residues in contact with the ligand may or may not 

belong to some secondary structure elements. 

 The secondary structure elements annotation, found in the table above, are used to create a 

pattern to describe the ligand binding sites in an abstract manner as follows: 

 (67-73 S: 1):  Represents the secondary structure beta-Sheet denoted as S. 

 (No SSE 74): Represents the lack of secondary structure which means it‟s a loop region 

and is denoted as L. 

 (166-174 H: 5): Represents the secondary structure alpha-Helix and is denoted as H. 

 (Water 1000): Represents the cases when water molecules contribute in the ligand site 

binding. This is denoted as W put between brackets.  

 

The pattern representing the binding site of the ligand TRA found in the table above is 

represented as follows: SLLLHHLLL (W). 

Since types of patterns seem to be associated with types of functions, refer Chapter III, 

these abstract patterns can be better denoted as Functional Motifs. 
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II. 3. Binding Motifs Graphical Representation: 

Graphical representations of the motifs in the ligand binding sites have been generated by 

the RasMol molecular graphics program (Virsiuon2.6) (Roger Sayle, 1997) where the helices 

(H) are shown as Red ribbons, beta-Stands (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:   

 Motif- only, see Figure 31-b. 

 Motif + Ligand see Figure 32-b. 

 Motif + Ligand + Binding Residues. See Figure 33-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 31-a, Figure 32-a and 

Figure 33-a. 
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 Motif -only  in RasMol representation of  the motif SLLLHHLLL (W) for the ligand 

TRA, PDB ID:1ACO, chain A (from Table 5): 

 

 

Figure 32-a: Capture of the RasMol script to create the motif representation shown 

in Figure 32-b. 
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Figure 32-B: Capture of RasMol representation of the binding motifs where the 

ligand TRA and binding residue are not shown in the case of Aconitase (PDB ID: 

1ACO, chain A). 
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 Motif  + Ligand in RasMol representation of the motif SLLLHHLLL (W) for the 

ligand TRA number 755, PDB ID:1ACO, Chain A (from Table 5): 

 

Figure 33-a: Capture of the RasMol script to create the motif representation shown 

in Figure 33-b. 
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Figure 33-B: Capture of RasMol representation of the binding motifs where the 

binding residues are not shown but the ligand TRA is shown in the case of Aconitase 

(PDB ID: 1ACO, chain A). 
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 Motif  + Ligand + Binding Residues in RasMol representation of the motif 

SLLLHHLLL (W) for the ligand TRA number 755, PDB ID:1ACO, Chain A (from 

Table 5): 

 

 

Figure 34-a: Capture of the RasMol script to create the motif representation 

shown in Figure 34-b. 
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Figure 34-B: Capture of RasMol representation of the binding motifs where the 

binding residues and the ligand TRA are shown in the case of Aconitase (PDB ID: 

1ACO, chain A). 

 

It should be noted here that the three types of the graphical representations shown above 

for the case of the ligand TRA in complex with the enzyme Aconitase  (PDB ID: 1aco, chain 

A) are done for all of the ligand binding instances in all of the enzyme complexes studied in 

this project, see Index II. 
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III. Flat-files database: Binding details annotation and storing 

 
A Flat-Files database, which is a simple schema type of a database, has been created and to 

achieve this, the calculated binding details, dealt with above, have been stored into files 

named systematically so that the names reflect faithfully the origins of each set of calculated 

ligand binding details (see Figure 34). The files were then arranged based on the types of 

enzymes and PDB ids as shown in Figure 35. The same treatment has been applied when 

storing the RasMol graphical representations of the binding details as shown in Figure 36.  

 

 

Figure 35: Notepad++ example of a ligand binding details file, named 

1ACO_A_TRA_A_755_ct.TXT, which means that the calculations belong to the ligand 

named TRA, number 755 found in PDB ID: 1ACO protein chain A(see Index III). 
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Figure 36: Flat-Files database schema shows the files of the ligand binding details 

are the arranged and stored. 
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Figure 37: Flat-Files database schema shows the arrangement and storing of the 

ligand binding details files plus the image-files of the RasMol graphical 

representation.    
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IV. Online Database:  

To share data with the local and international scientific communities, the Flat-Files 

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

(Rachedi A., 2102) by the supervisor of this project, who also wrote the necessary scripts to 

make it searchable.  

This web version of the database has been named Citric Acid Cycle Binding Structural and 

Function motifs (CacSFMs).  

CacSFMs database is accessible online via the following URL address: 

http://bioinformaticstools.org/prjs/cacfms 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

http://bioinformaticstools.org/prjs/cacfms
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I. Presentation of the results 

I. 1. Data Base web access and Querying: 

  The online version of the database "CacSFMs" can be uploaded by invoking the URL 

address shown in previous chapter, section VI. Online Database (page N° 76).  The figure 

below, no. 38, shows the interface of the "CacSFMs" which has been developed to allow 

the easy querying of data recorded in the database. 

 

 

 

Figure 38: Capture of the interface page of the ”CacSFMs” database. 

 

I. 2. Ways to search the Database and display Results: 

As shown above in Figure 38, the CacSFMs interface allows 3 ways for search the 

database content. For clarity these ways of searching are highlighted and numbered in red 

color:   

- Area 1: This list allows for querying by clicking on the CAC related enzymes.  
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- Area 2: This clickable list of PDB entries allows querying by PDB entry.  

- Area 3: This clickable list of Ligands allows querying by ligand id.  

Results of any search action taken by clicking on one of the areas above will be shown 

in the “Results display area …” (pink rectangle) as highlighted above in Area 4. 

I. 3. Search by Enzymes or PDB entries: 

As explained above, if the user clicks on the Enzymes or PDB entries lists, the search 

engine of the database will search accordingly and display the results as follows: 

 

 

 
Figure 39: screenshot shows the result page after clicking on the Enzymes or PDB 

entries lists. 
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-  Area 1 represents the enzyme selected. 

-  Area 2 represents the PDB entry selected (if applied). 

Results are shown in the pink rectangle and explained in the following: 

-  Area 3 shows the PDB entry. 

-  Area 4 displays the enzyme name. 

-  Areas 5, 6 and 7 display respectively the method of determination, resolution and R-

Factor 

-  Area 8 shows the binding motif and the number of water molecules involved. 

- Area 9 shows the Sequence of amino acids. 

- Area 10, 11 and 12 show respectively the images of Motifs-only, Motif+Ligand and -

Motif+Ligand Binding residues. 

- Area 13 represents the ligand id and its number in the PDB. 

- Area 14 To be clicked to show the table for the Ligands binding details, see section 

“Ligand binding details Display”. 

- Area 15 To be clicked to enlarge the motifs images (from RasMol). 

- Area 16 Represents enlarged image of motifs.  

It‟s here noted that an important difference exists between searching by Enzymes and 

searching by PDB entry in that the first search could produce ligand binding results for 

more than one PDB. The search by PDB entry gives always results for only the selected 

PDB entry.  
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I. 4. Search by Ligand ID: 

If the user clicks on the Ligands list, the search engine of the database will display the 

ligand binding results as follows: 

 

Figure 40: Screenshot shows the result page after the selection of a Ligand. 

- Area 1 represents the ligand selected. 

- Area 2 represents the scientific name of ligand. 

- Area 3 represents the formula of ligand. 
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- Area 4 represents the ligand chemistry. 

- Area 5 and above show the same data as explained in the last section “Search by 

Enzymes or PDB entries” (page N° 79). 

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 entries 

and per enzyme types. 

I. 5. Ligand binding details display: 

 

Figure 41: screenshot shows the ligand binding details for CIT, number 1000, PDB 

ID 1AJ8.           
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- Area 1 PDB entry 

- Area 2 The binding ligand CIT number 1000 

- Area 3 To be clicked to show the table for the Ligands binding details. 

- Area 4 Table display the binding details for the ligand CIT. For explanations of the 

binding details, see chapter II section “Calculation of the Ligands Binding details” 

(page N° 61). 

 

II. Binding Motifs Types and Properties 

The total of 11 Ligands studied in this project bound with 83 protein chains found in the 

32 PDB entries. This resulted in the total number of 83 motif instances which in turn 

boiled down to 34 unique binding motifs as shown below in Table 06: 

 

Number Enzymes Ligands PDB ID Chain Motifs Unique Motifs 

01 Citrate synthase 

CIT 

1AJ8 
A 

LLHLHLH 
LLHLHLH 

LHLLHHH 

LHLLHLH 

LHLLHLHH 

LHLHHH 

LLLHLHH 

LL 

LHLHLHHLHH 

LHLHLHLHH 

LHLHLHHHLHH 

SLLLHHLLL(W) 

HLLHLLHL 

HLLHLHL 

SHLLHLLLL(3W) 

LHSLHHHL 

SSHH 

LHSSHHL 

LLHL 

LHSSHHSL 

LHSSHH 

HSSHH 

LHSHHL 

 

B 

1IXE 

A 
LHLLHHH 

B 

C LHLLHLH 

D LHLLHLHH 

2C6X 

A 

LHLHHH 
B 

C 

D 

6CSC 
A LLLHLHH 

 B 

FLC 2P2W 
A LHLLHHH 

A LL 

SDX 
2R9E 

 

A LHLHLHHLHH 

 B 

C LHLHLHLHH 

D LHLHLHHHLHH 

02 Aconitase 
TRA 

1ACO A SLLLHHLLL(W) 

1L5J 
A HLLHLLHL 

B HLLHLHL 

ATH 1FGH A SHLLHLLLL(3W) 

03 Isocitrate Dehydrogenase ICT 1ITW 
A 

LHSLHHHL 
B 
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C 

 
LHSSHL 

LHSSHSL 

LHSSH 

LSLHHSL 

LSLHSLL 

SLSLLL 

HLHSHLL 

LHLL 

LSLSLL 

LHLLS 

L 

LHLHLHL 

D 

1XKD 
A SSHH 

B LHSSHHL 

2UXR 

A LLHL 

A LHSSHHL 

B LHSSHHSL 

4AJ3 A LHSSHH 

4AJB A 
HSSHH 

4BNP A 

04 

α- Ketoglutarate 

Dehydrogenase 

 

AKG 

3INM 

A 
LHSHHL 

 
B 

C 

4L06 

A 

LHSSH 

B 

C 

D 

E 

F 

4L04 

A LHSSHSL 

B LHSSHL 

C LHSSH 

 D 

E 
LHSSHL 

F 

4L03 

A 
LHSSHL 

 
B 

C 

4KZO 

A 
LHSHHL 

 
B 

C 

4AJR A LHSSHHL 

4AJC A LHSSHHL 

3O9Z 

A 

LSLHHSL 

 

B 

C 

D 

1CW4 A HSSHH 

05 Succinyl-CoA-Synthetase 

SCA 2BWO 

A 

LSLHSLL 

 

B 

D 

E 

SIN 2BWN 

A 

SLSLLL D 

E 

06 Succinate Dehydrogenase SIN 

2W8Q A HLHSHLL 

4LH2 
A 

LHLL 
B 
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Table 06:  The total and unique ligand binding motifs that are found associated with 

all of the 11 Ligands under study. The colored motifs reflect higher occurrence 

frequency (see details below). 

 

The following describes the Ligands binding motifs, their properties and 3D 

representations as per the enzymes and reaction involved in the CAC pathway:  

 

II. 1. Citrate synthase 

II. 1. A. Formation of Citrate: 

Reaction: 

 

  

 + acetyl-CoA  +  H2O  →  CoA +   
 

Oxaloacetate                        Citrate 

 

Figure 42: Formation of Citrate by the intervention of Citrate synthase enzyme. 

 

 

 

06 Succinate Dehydrogenase SIN 
2DJL 

A 
LSLSLL 

 

B 

3JU8 A LHLLS 

07 Fumarase FUM 4APB 

A 

L 
B 

C 

D 

08 Malate Dehydrogenase MLT 2DFD 

A 

LHLHLHL 
B 

C 

D 

Total 80   11  32  83 83  34  

https://fr.wikipedia.org/wiki/Ac%C3%A9tyl-coenzyme_A
https://fr.wikipedia.org/wiki/Eau
https://fr.wikipedia.org/wiki/Coenzyme_A
https://fr.wikipedia.org/wiki/Acide_oxaloac%C3%A9tique
https://fr.wikipedia.org/wiki/Acide_citrique
https://commons.wikimedia.org/wiki/File:Oxalacetat.svg?uselang=fr
https://commons.wikimedia.org/wiki/File:Citrat.svg?uselang=fr
https://commons.wikimedia.org/wiki/File:Oxalacetat.svg?uselang=fr
https://commons.wikimedia.org/wiki/File:Citrat.svg?uselang=fr
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II. 1. B. Citrate synthase Binding Motifs and their Properties: 

 
The citrate synthase in all of the related PDB entries is represented by 18 protein 

chains where each is bound to an instant of the Oxaloacetate analogue; CIT, FLC and 

SDX thus the existence of 18 motifs, table 07: 

 

 All motifs describe a mixture of α-helices (H) and loop regions (L) expect for the 

motifs denoted in the table as LL, in the case of the FLC ligand, instance number 

402, in which case the motif is made of residues belonging to loop region only 

i.e. there is no secondary structure elements involved in the binding of the ligand 

in this case. 

 The water molecules included in the motifs constructs are only those water 

molecules showing hydrogen bonding of less than 3Å. These waters are deemed 

biologically necessary in the reaction. 

Citrate synthase 

Ligand PDB ID Chain Motif Occurrence Frequency 

CIT 

1AJ8 
A 

LLHLHLH 2 
B 

1IXE 

A 
LHLLHHH 2 

B 

C LHLLHLH 1 

D LHLLHLHH 1 

2C6X 

A 

LHLHHH 4 
B 

C 

D 

2CSC 
A 

LLLHLHH 2 
B 

FLC 2P2W 
A LHLLHHH(3W) 1 

A LL(5W) 1 

SDX 2R9E 

A 
LHLHLHHLHH 2 

B 

C LHLHLHLHH 1 

D LHLHLHHHLHH 1 

 

Table 07: Ligands bound to Citrate synthase, binding motifs and the motif‟s 

occurrence frequency. 
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III. 1. C. Motifs 3D-Graphical Representation:  

 As seen above, in the case of the citrate synthase, there are 6 PDB entries: 1AJB, 

1IXE, 2C6X, 6CSC, 2P2W, 2R9E binding a total of three ligand that are 

analogues to the natural substrate. 

 The images below, table 08, represent the RasMol 3D-graphical representation of 

the binding motif associated with the PDN entry 2P2W. 

 The 3D representation of all the other binding Motifs related to the other PDB 

entries (1AJB, 1IXE, 2C6X, 6CSC and 2R9E) and their bound Ligands have been 

created and are stored in the Flat-Files database and in the online version 

CacSFMs, see also Index II. 

PDB 

ID 
Chain Ligand Motifs Motif+Ligand Motif+Ligand+Residues 

2P2W 

A FLC401 

   

A FLC402 

   

 

Table 08: 3D representation of the binding motifs associated with Citrate synthase 

for the case of PDB entry ID: 2P2W. 
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II. 2. Aconitase 

II. 2.  A. Formation of Aconitate: 

Reaction: 

 

  

 

   

 

Figure 43: Formation of Aconitate by the intervention of Aconitase enzyme. 

II. 2.  B. Aconitase Binding Motifs and their Properties: 

The Aconitase in all of the related PDB entries are represented by 04 protein chains 

where each is bound to an instant of the Citrate analogue; TRA and ATH thus the 

existence of 04 motifs, Table 09:  

 Two motifs describe a mixture of α-helices (H), β-stands (S) and loop regions 

(L) and the others Motifs are mixture of α-helices (H), and loop regions (L) only. 

 The water molecules included in the motifs constructs are only those water 

molecules showing hydrogen bonding of less than 3Å. These waters are deemed 

biologically necessary in the reaction. 

 

Aconitase 

Ligand PDB ID Chain Motif Occurrence Frequency 

 

TRA 

 

1ACO 

 

A 

 

SLLLHHLLL(W) 

 

1 

 

 

1L5J 

 

A 

 

HLLHLLHL 

 

1 

 

B 

 

HLLHLHL 

 

1 

 

ATH 

 

1FGH 

 

A 

 

SHLLHLLLL(W) 

 

1 

 

Table 09: Ligands bound to Aconitase, binding motifs and the motif‟s occurrence 

frequency. 

 

   H2O + 
 

                               Citrate                                                                                                           Cis-aconitate 

https://fr.wikipedia.org/wiki/Eau
https://commons.wikimedia.org/wiki/File:Citrat.svg?uselang=fr
https://commons.wikimedia.org/wiki/File:Cis-Aconitat.svg?uselang=fr
https://commons.wikimedia.org/wiki/File:Citrat.svg?uselang=fr
https://commons.wikimedia.org/wiki/File:Cis-Aconitat.svg?uselang=fr
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II. 2. C.  Motifs 3D-Graphical Representation:  

 As seen above, in the case of the citrate synthase, there are 3 PDB entries: 1ACO, 

1L5J, 1FGH binding a total of two ligand that are analogues to the natural 

substrate. 

 The images below, table 10, represent the RasMol 3D-graphical representation of 

the binding motif associated with the PDB entries 1ACO (Chain A) and 1L5J 

(Chain A). 

 The 3D representation of all the other binding Motifs related to the other chains of 

the PDB entry, 1L5J, and PDB entry (1FGH) and their bound Ligands have been 

created and are stored in the Flat-Files database and in the online version 

CacSFMs, see also Index II. 

PDB 

ID 
Chain Ligand Motifs Motif+Ligand Motif+Ligand+Residues 

1ACO A TRA 

  
 

1L5J A TRA 

  
 

 Table 10:  3D representation of the binding motifs associated with Aconitase for the      

cases of the PDB entries 1ACO (chain A) and 1L5J (chain A). 
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II. 3. Isocitrate dehydrogenase  

II. 3. A. Formation of Isocitrat:  

Reaction : 

 

  

   H2O +  

  

   
 

 

Citrate 
  

 

Cis-aconitate 
  

 

Isocitrate 

 

Figure 44: Formation of Isocitrate by the intervention of Isocitrate Dehydrogenase 

enzyme. 

II. 3.  B. Isocitrate Dehydrogenase Binding Motifs and their 

Properties: 

The Isocitrate Dehydrogenase in all of the related PDB entries is represented by 12 

protein chains where each is bound to an instant of the Cis-aconitate analogue; ICT thus 

the existences of 12 motifs, table 11: 

 Eight motifs describe a mixture of α-helices (H), β-strands (S) and loop regions 

(L). For the other cases, the motifs are divided as follows: 

- Three motifs are mixture of α-helices (H) and β-strands (S). 

- One motif is mixture of α-helices (H) and loop regions (L). 

 

 

 

 

 

 

 

 

 

 

 

https://fr.wikipedia.org/wiki/Eau
https://fr.wikipedia.org/wiki/Citrate
https://fr.wikipedia.org/wiki/Aconitate
https://fr.wikipedia.org/wiki/Isocitrate
https://commons.wikimedia.org/wiki/File:Citrat.svg?uselang=fr
https://commons.wikimedia.org/wiki/File:Cis-Aconitat.svg?uselang=fr
https://commons.wikimedia.org/wiki/File:Isocitrat.svg?uselang=fr
https://commons.wikimedia.org/wiki/File:Citrat.svg?uselang=fr
https://commons.wikimedia.org/wiki/File:Cis-Aconitat.svg?uselang=fr
https://commons.wikimedia.org/wiki/File:Isocitrat.svg?uselang=fr
https://commons.wikimedia.org/wiki/File:Citrat.svg?uselang=fr
https://commons.wikimedia.org/wiki/File:Cis-Aconitat.svg?uselang=fr
https://commons.wikimedia.org/wiki/File:Isocitrat.svg?uselang=fr
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Table 11: Ligands bound to Isocitrate Dehydrogenase, binding motifs and the 

motif‟s occurrence frequency. 

 

II. 3. C. Motifs 3D-Graphical Representation:  

 As seen above, in the case of the Isocitrate Dehydrogenase, there are 6 PDB 

entries: 1ITW, 1XKD, 2UXR, 4AJ3, 4AJB, 4BNP all of which binds the ICT 

ligand which is an analogue of the natural substrate. 

 The images below, table 12, represent the RasMol 3D-graphical representation of 

the binding motif associated with the PDB entries 1ITW (Chain A and Chain B). 

 The 3D representation of all the other binding Motifs related to the other chains of 

PDB entry, 1ITW, and PDB entries (1XKD, 2UXR, 4AJ3, 4AJB, 4BNP) and their 

bound Ligands have been created and are stored in the Flat-Files database and in 

the online version CacSFMs, see also Index II. 

 

 

 

 

Isocitrate 

Dehydrogenase 

 

Ligand 

 

PDB ID 

 

Chain 

 

Motif 

 

Occurrence Frequency 

ICT 

1ITW 

A 

LHSLHHHL 4 
B 

C 

D 

1XKD 
A SSHH 1 

B LHSSHHL 
2 

2UXR 

A LHSSHHL 

A LLHL 1 

B LHSSHHSL 1 

4AJ3 A LHSSHH 1 

4AJB A 
HSSHH 2 

4BNP A 
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PDB 

ID 
Chain Ligand Motifs Motif+Ligand Motif+Ligand+Residues 

1ITW 

 

A 

ICT 

 

  
 

B 

 
  

 

Table 12: 3D representation of the binding motifs associated with Isocitrate 

Dehydrogenase for the case of the PDB entry 1ITW (chain A & B). 
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II. 4.  α-Ketoglutarate Dehydrogenase 

II.  4. A. Formation of α-Ketoglutarate: 

 Step 1: 

 

 

 

 

Figure 45-a: The Oxydation of Isocitrate into oxalosuccinate. 

 Step 2: 

 

 

 

 

Figure 45-b: The Decarboxylation of Oxalosuccinate into the final product         

α-Ketoglutarate. 

 

 Overall reaction: 

 

 

 

Figure 46: Formation of alpha-Ketoglutarate by the intervention of the                 

α-Ketoglutarate Dehydrogenase enzyme. 

 

 

Isocitrate + NAD+   α-Ketoglutarate + CO2 + NADH + H+ 

 

  + NAD
+
    NADH + 

H
+ + 

 

Isocitrate  

  Oxalosuccinate 

 

 

   CO2 + 
 

Oxalosuccinate 

  α-Ketoglutarate  

 

https://fr.wikipedia.org/wiki/Acide_alpha-c%C3%A9toglutarique
https://fr.wikipedia.org/wiki/Acide_alpha-c%C3%A9toglutarique
https://fr.wikipedia.org/wiki/Nicotinamide_ad%C3%A9nine_dinucl%C3%A9otide
https://fr.wikipedia.org/wiki/Nicotinamide_ad%C3%A9nine_dinucl%C3%A9otide
https://fr.wikipedia.org/wiki/Nicotinamide_ad%C3%A9nine_dinucl%C3%A9otide
https://fr.wikipedia.org/wiki/Acide_isocitrique
https://fr.wikipedia.org/wiki/Acide_oxalosuccinique
https://commons.wikimedia.org/wiki/File:Isocitrat.svg?uselang=fr
https://commons.wikimedia.org/wiki/File:Oxalsuccinat.svg?uselang=fr
https://commons.wikimedia.org/wiki/File:Oxalsuccinat.svg?uselang=fr
https://commons.wikimedia.org/wiki/File:Alpha-Ketoglutarat.svg?uselang=fr
https://commons.wikimedia.org/wiki/File:Isocitrat.svg?uselang=fr
https://commons.wikimedia.org/wiki/File:Oxalsuccinat.svg?uselang=fr
https://commons.wikimedia.org/wiki/File:Oxalsuccinat.svg?uselang=fr
https://commons.wikimedia.org/wiki/File:Alpha-Ketoglutarat.svg?uselang=fr
https://fr.wikipedia.org/wiki/Dioxyde_de_carbone
https://fr.wikipedia.org/wiki/Acide_oxalosuccinique
https://fr.wikipedia.org/wiki/Acide_alpha-c%C3%A9toglutarique
https://commons.wikimedia.org/wiki/File:Isocitrat.svg?uselang=fr
https://commons.wikimedia.org/wiki/File:Oxalsuccinat.svg?uselang=fr
https://commons.wikimedia.org/wiki/File:Oxalsuccinat.svg?uselang=fr
https://commons.wikimedia.org/wiki/File:Alpha-Ketoglutarat.svg?uselang=fr
https://commons.wikimedia.org/wiki/File:Isocitrat.svg?uselang=fr
https://commons.wikimedia.org/wiki/File:Oxalsuccinat.svg?uselang=fr
https://commons.wikimedia.org/wiki/File:Oxalsuccinat.svg?uselang=fr
https://commons.wikimedia.org/wiki/File:Alpha-Ketoglutarat.svg?uselang=fr
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II. 4. B. α-Ketoglutarate Dehydrogenase Binding Motifs and their 

Properties: 

The α-Ketoglutarate Dehydrogenase in all of the related PDB entries is represented 

by 28 protein chains where each is bound to an instant of the Isocitrate analogue; AKG 

thus the existences of 28 motifs, table 13: 

 All motifs describe a mixture of α-helices (H), β-stands (S) and loop regions (L) 

expect one motif which is made of a mixture of α-helices (H) and β-strands (S) 

as shown with case of the entry 1CW4.  

 

α-Ketoglutarate 

Dehydrogenase 

 

Ligand 

 

PDB ID 

 

Chain 

 

Motif 

 

Occurrence Frequency 

AKG 

3INM 

A 

LHSHHL 3 B 

C 

4L06 

A 

LHSSHL 6 

B 

C 

D 

E 

F 

4L04 

A LHSSHSL 1 

B LHSSHL 1 

C 
LHSSH 2 

D 

E 
LHSSHL 

5 

F 

4L03 

A 

LHSSHL B 

C 

4KZO 

A 

LHSHHL 3 B 

C 

4AJR A LHSSHHL 
2 

4AJC A LHSSHHL 
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Table 13: Ligands bound to α-Ketoglutarate Dehydrogenase, binding motifs and the 

motif‟s occurrence frequency. 

 

II. 4. C. Motifs 3D-Graphical Representation: 

 

  As seen above, in the case of the Alpha-Ketoglutarate Dehydrogenase, we have 

09 PDB entries: 3INM, 4LO6, 4LO4, 4LO3, 4KZO, 4AJR, 4AJC, 3O9Z and 

binding at the same ligand AKG which is analogues to the natural substrate. 

  The images below, table 14, represent the RasMol 3D-graphical representation of 

the binding motif associated with the PDB entries 3INM (Chain A) and 4LO6 

(Chain A). 

  The 3D representation of all the other binding Motifs related to the other chains 

of  3INM, 4LO6 and PDB entries (4LO4, 4LO3, 4KZO, 4AJR, 4AJC, 3O9Z, 

1CW4) and their  bound Ligands have been created and are stored in the Flat-Files 

database and in the online version CacSFMs, see also Index II. 

 

 

 

 

 

 

 

 

 
3O9Z 

A 

LSLHHSL 4 
B 

C 

D 

1CW4 A HSSHH 1 
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Table 14: 3D representation of the binding motifs associated with α-Ketoglutarate 

Dehydrogenase for the cases of the PDB entries 3INM  and 4L06 (both chain A). 

 

 

 

 

 

 

PDB 

ID 
Chain Ligand Motifs Motif+Ligand Motif+Ligand+Residues 

3INM 

 
A 

AKG 

 

  
 

4L06 A 
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II. 5.  Succinyl-CoA-Synthetase 

II. 5.  A. Formation of Succinyl-CoA: 

Reaction: 

 

 

 

 

 

 

 

Figure 47: Formation of Succinyl-CoA by the intervention of Succinyl-CoA-

Synthetase enzyme. 

 

II. 5.  B. Succinyl-CoA-Synthetase Binding Motifs and their 

Properties: 

 

The Succinyl-CoA-Synthetase in all of the related PDB entries is represented by 07 

protein chains where each is bound to an instant of the α-Ketoglutarate analogue; SCA 

and SDX thus the existence of 07 motifs, table 15: 

 Four motifs describe a mixture of α-helices (H), β-strands (S) and loop regions 

(L). The rest of the motifs are a mixture of β-strands (S) and loop regions (L). 

 

 

 

 

 

 

 

 

+ CoA-SH + NAD
+
       NADH +     

H
+
 + CO2 + 

 

α-Ketoglutarate  

 
Succinyl-CoA  

 

https://fr.wikipedia.org/wiki/Coenzyme_A
https://fr.wikipedia.org/wiki/Nicotinamide_ad%C3%A9nine_dinucl%C3%A9otide
https://fr.wikipedia.org/wiki/Nicotinamide_ad%C3%A9nine_dinucl%C3%A9otide
https://fr.wikipedia.org/wiki/Nicotinamide_ad%C3%A9nine_dinucl%C3%A9otide
https://fr.wikipedia.org/wiki/Dioxyde_de_carbone
https://fr.wikipedia.org/wiki/Acide_alpha-c%C3%A9toglutarique
https://fr.wikipedia.org/wiki/Succinyl-coenzyme_A
https://commons.wikimedia.org/wiki/File:Alpha-Ketoglutarat.svg?uselang=fr
https://commons.wikimedia.org/wiki/File:Succinyl-CoA.svg?uselang=fr
https://commons.wikimedia.org/wiki/File:Alpha-Ketoglutarat.svg?uselang=fr
https://commons.wikimedia.org/wiki/File:Succinyl-CoA.svg?uselang=fr
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Table 15: Ligands bound to Succinyl-CoA-Synthase, binding motifs and the motif‟s 

occurrence frequency. 

 

II. 5.  C. Motif 3D-Graphical representation: 

 
 As seen above, in the case of the Succinyl-CoA-Synthetase, there are 02 PDB 

entries: 2BWO, 2BWN binding a total of two Ligands that are analogues to the 

natural substrate. 

 The images below, table16, represent the RasMol 3D-graphical representation of 

the binding motifs associated with the PDB entries 2BWO (Chain A) and 2BWN 

(Chain A). 

 The 3D representation of all the other binding Motifs related to the other chains of 

PDB entries (2BWO, 2BWN) and their bound Ligands have been created and are 

stored in the Flat-Files database and in the online version CacSFMs, see also 

Index II. 

 

 

 

Succinyl-CoA-

Synthetase 

 

Ligand 

 

PDB ID 

 

Chain 

 

Motif 

 

Occurrence Frequency 

SCA 2BWO 

A 

LSLHSLL 4 
B 

D 

E 

SIN 2BWN 

A 

SLSLLL 3 D 

E 
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Table 16: 3D representation of the binding motifs associated with Isocitrate 

Dehydrogenase for the cases of the PDB entries 2BWO and 2BWN (both chain A). 

 

 

 

 

 

PDB ID 
Chai

n 
Ligand Motifs Motif+Ligand Motif+Ligand+Residues 

 

2BWO 

 

A 

 

SCA 

 

 

  

2BWN A SIN 
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II. 6.  Succinate Dehydrogenase 

II. 6. A. Formation of Succinate: 

Reaction: 

 

                       

 

 

  

Figure 48:   Formation of Succinate by the intervention of Succinate Dehydrogenase 

enzyme. 

 

II. 6. B. Succinate Dehydrogenase Binding Motifs and their 

Properties: 

 

The Succinate Dehydrogenase in all of the related PDB entries is represented by 06 

protein chains where each is bound to an instant of the Citrate analogue; SIN thus the 

existence of 06 motifs, table 17: 

 Two motifs describe a mixture of α-helices (H), β-strands (S) and loop regions 

(L).  The other motifs are divides into the following: 

o Two motifs are mixture of α-helices (H), and loop regions (L). 

o Two motifs are mixture of β-strands (H) and Loop regions (L). 

 

 

 

 

 

 

 

 

 

+ GDP/ADP + Pi  

  GTP/ATP + CoA + 
 

Succinyl-CoA  

  Succinate  

 
 

https://fr.wikipedia.org/wiki/Guanosine_diphosphate
https://fr.wikipedia.org/wiki/Ad%C3%A9nosine_diphosphate
https://fr.wikipedia.org/wiki/Hydrog%C3%A9nophosphate
https://fr.wikipedia.org/wiki/Guanosine_triphosphate
https://fr.wikipedia.org/wiki/Ad%C3%A9nosine_triphosphate
https://fr.wikipedia.org/wiki/Coenzyme_A
https://fr.wikipedia.org/wiki/Succinyl-coenzyme_A
https://fr.wikipedia.org/wiki/Acide_succinique
https://commons.wikimedia.org/wiki/File:Succinyl-CoA.svg?uselang=fr
https://commons.wikimedia.org/wiki/File:Succinat.svg?uselang=fr
https://commons.wikimedia.org/wiki/File:Succinyl-CoA.svg?uselang=fr
https://commons.wikimedia.org/wiki/File:Succinat.svg?uselang=fr
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Table 17: Ligands bound to Succinate Dehydrogenase, binding motifs and the motif‟s 

occurrence frequency. 

 

II. 6. C. Motif 3D-Graphical representation: 

 

 As seen above, in the case of the Succinate Dehydrogenase, there are 04 PDB 

entries: 2W8Q, 4LH2, 2DJL, 3JU8 binding at the same ligand SIN which is 

analogues to the natural substrate. 

 The images below, table 18, represent the RasMol 3D-graphical representation of 

the binding motif associated with the PDB entry 4LH2. 

 The 3D representation of all the other binding Motifs related to the other PDB 

entries (2W8Q, 2DJL, and 3JU8) and their bound Ligands have been created and 

are stored in the Flat-Files database and in the online version CacSFMs, see also 

Index II. 

 

 

 

 

 

 

Succinate 

Dehydrogenase 

 

Ligand 

 

PDB ID 

 

Chain 

 

Motif 

 

Occurrence Frequency 

SIN 

2W8Q A HLHSHLL 1 

4LH2 
A 

LHLL 2 
B 

2DJL 
A 

LSLSLL 2 
B 

3JU8 A LHLLS 1 
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Table 18: 3D representation of the binding motifs associated with Succinate 

Dehydrogenase for the cases of the PDB entry 4LH2 (chain A & B). 

 

 

 

 

 

 

 

PDB 

ID 

Chai

n 
Ligand Motifs Motif+Ligand Motif+Ligand+Residues 

4LH2 

 

A 

SIN 
 

  

B 
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II. 7. Fumarase 

II. 7. A. Formation of Fumarate: 

Reaction: 

 

 

 

 

Figure 49: Formation of Fumarate by the intervention of Fumarase enzyme. 

 

II. 7. B. Fumarase Binding Motifs and their Properties: 

 

The Fumarase in the PDB entry 4APB is represented by 04 protein chains where 

each is bound to an instant of the Succinate analogue; FUM thus the existence of 04 

motifs, table 19: 

 All of the binding motifs in this case describe a motif made entirely of loop 

regions (L) i.e. there is no secondary structure elements involved in the binding of 

the ligand in this case. 

 

Table 19: Ligands bound to Fumarase, binding motifs and the motif‟s occurrence 

frequency.  

 

 

Fumarase 

 

Ligand 

 

PDB ID 

 

Chain 

 

Motif 

 

Occurrence Fréquence 

FUM 4APB 

A 

L 4 
B 

C 

D 

 + FAD    FADH2 +  

Succinate    Fumarate  

 
 

https://fr.wikipedia.org/wiki/Flavine_ad%C3%A9nine_dinucl%C3%A9otide
https://fr.wikipedia.org/wiki/Flavine_ad%C3%A9nine_dinucl%C3%A9otide
https://fr.wikipedia.org/wiki/Acide_succinique
https://fr.wikipedia.org/wiki/Acide_fumarique
https://commons.wikimedia.org/wiki/File:Succinat.svg?uselang=fr
https://commons.wikimedia.org/wiki/File:Fumarat.svg?uselang=fr
https://commons.wikimedia.org/wiki/File:Succinat.svg?uselang=fr
https://commons.wikimedia.org/wiki/File:Fumarat.svg?uselang=fr
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II. 7. C. Motif 3D-Graphical representation : 

 As seen above, in the case of the Fumarase, there is 01 PDB entry: 4APB binding a 

single ligand FUM which is an analogue to the natural substrate. 

 The images below, table 20, represent the RasMol 3D-graphical representation of 

the binding motif associated with the PDB entry 4APB (Chain A). 

 The 3D representation of all the other binding Motifs related to the other chains of 

PDB entry, 4APB, and their bound Ligands have been created and are stored in the 

Flat-Files database and in the online version CacSFMs, see also Index II. 

PDB 

ID 
Chain Ligand Motifs Motif+Ligand Motif+Ligand+Residues 

4APB 

 

A 

FUM 

 

 

 

D 

 
 

 

 

Table 20: 3D representation of the binding motifs associated with Fumarase for the 

case of the PDB entry 4APB (chains A & D). 
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II. 8. Malate Dehydrogenase 

II. 8. A. Formation of L-Malate:  

Reaction:  

 

 

 

 

 

Figure 50: Formation of Malate by the intervention of Malate Dehydrogenase 

enzyme. 

 

II. 8. B. Malate Dehydrogenase Binding Motifs and their Properties: 

 

The Malate Dehydrogenase in the PDB entry 2DFD is represented by 04 protein 

chains where each is bound to an instant of the Malate analogue; MLT thus the 

existence of 04 motifs, table 21. 

 All motifs describe a mixture of alpha-helices (H) and loop regions (L). 

 

Table 21: Ligands bound to Malate Dehydrogenase, binding motifs and the motif‟s 

occurrence frequency.  

 

 

Malate 

Dehydrogenase 

 

Ligand 

 

PDB ID 

 

Chain 

 

Motif 

 

Occurrences Frequency  

MLT 

 
2DFD 

A 

LHLHLHL 4 
B 

C 

D 

   +   H2O      
 

Fumarate    L-Malate  

 

https://fr.wikipedia.org/wiki/Eau
https://fr.wikipedia.org/wiki/Acide_fumarique
https://fr.wikipedia.org/wiki/Acide_malique
https://commons.wikimedia.org/wiki/File:Fumarat.svg?uselang=fr
https://commons.wikimedia.org/wiki/File:L-Malat.svg?uselang=fr
https://commons.wikimedia.org/wiki/File:Fumarat.svg?uselang=fr
https://commons.wikimedia.org/wiki/File:L-Malat.svg?uselang=fr
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II. 8. C. Motif 3D-Graphical representation: 

 

 As seen above, in the case of the Malate Dehydrogenase, there is 01 PDB entry: 

2DFD binding a single ligand MLT which is an analogue of the natural substrate. 

 The images below, table 22, represent the RasMol 3D-graphical representation of 

the binding motif associated with the PDB entry 2DFD (Chain A & Chain B). 

 The 3D representation of all the other binding Motifs related to the other chains in 

the PDB entry, 2DFD, and their bound Ligands have been created and are stored 

in the Flat-Files database and in the online version CacSFMs, see also Index II. 

 

Table 22: 3D representation of the binding motifs associated with Malate 

Dehydrogenase for the case of the PDB entry 4APB (chains A & B). 

 

PDB ID Chain Ligand Motifs Motif+Ligand Motif+Ligand+Residues 

2DFD 

A 

MLT 
  

 

B 
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III. Binding Residue types and Ligands:    

The binding environment details calculated for the 11 Ligands, as reported in Chapter II 

and Index III, 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.  

The table below, no. 23, summarizes the types of residues per bound Ligands: 

 

Table 23: Residues type shown arranged by their bound Ligands. The residues are 

colored per hydrophobicity, see figure 51.  

Based on the information above it seems that the binding residues governing the chemical 

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

hydrophobicity. For implications of this properties see General Conclusion. 

  

 

 

 

 

 

Ligand 

ID 

Amino acides 

CIT HIS ; ASN ;GLY ;ARG ;VAL ;ASP ;PHE ;MET ;GLU 

FLC GLU ; ASN ; HIS ;GLY ;ARG ;ASP ;PHE ; LYS 

SDX HIS ;PRO ;LEU  ;GLY ;ALA ;ARG ;MET ;PHE ;ILE ;ASN ;ASP ;LYS 

TRA GLN ; ALA ; THR ; HIS ;ASP ;SER ;ILE ;ARG ;MET 

ATH GLN ; ALA ; THR ; HIS ;ASP ;SER ;ILE ;ARG ;SER 

ICT SER ;ASN ;ARG ;LYS ;MET ;ASP ;TYR ;ALA ;THR ;VAL ;LEU ;HIS ;GLY 

;GLU 

AKG THR ;SER ;ASN ;ARG ;TYR ;ASP ;ALA ;GLU ;LEU ;LYS ;ILE ;HIS ;PHE ;

VAL 

SCA ARG ;SER ;ASP ;ASN ;HIS ;ALA ;ILE ;LYS ;MET ;PHE ;PRO ;THR ;LEU 

SIN ARG ;PHE ; PRO ;VAL ;TRP ;CYS ;GLY ;ASP ;THR ;HIS ;TYR ;GLU ;ALA 

;SER ;ASN ;LYS ;MET ;LEU 

FUM GLY ; CYS ; SER ; ILE ; MET ; LYS ; ASN 

MLT ARG ; ASN ;HIS ;GLY ;SER ;ALA ;LEU 
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Figure 51: Amino acids hydrophicity scale and coloring (Kaiser E, 1970). 

 

IV. Motifs classification and Ligands Binding Tendency: 

The Analysis curried out above including the properties of the motifs suggest that the 

binding motifs associated with the enzymes involved in the CAC pathway can be classified 

into the following families: 

 

IV. 1. α/Loop family: 

This family includes all motifs that contain α-Helix (H) and Loop (L) elements, like the 

following:  

LLHLHLH, LHLLHHH, LHLLHLH, LHLLHLHH, LHLHHH, 

LLLHLHH, LHLHLHLHH, LHLHLHHHLHH, HLLHLLHL, LHHLHLH, 

LLHL, LHLL, LHLHLHL 
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The Ligands that tend to bind this family of motifs are: CIT, FLC, SDX, TRA, ICT, SIN 

and MLT. 

 

IV. 2. α/β family: 

This family includes all motifs that contain α-Helix (H) and β-strand (S) elements, like 

the following:  

SSHH, HSSHH 

The Ligands that tend to bind this family of motifs are: ICT and AKG. 

  

IV. 3. β/Loop family: 

This family includes all motifs that contain β-strand (S) and Loop (L) elements, like 

the following:  

SLSLLL, LSLSLL 

The Ligands that tend to bind this family of motifs are: SIN. 

 

IV. 4. α/β/Loop family: 

This family includes all motifs that contain α-Helix (H), β-strand (S) and Loop (L) 

elements, like the following:  

SLLLHHLLL, SHLLHLLLL, LHSLHHHL, LHSSHHL, LHSSHHSL, 

LHSSHH, LHSHHL, LHSSHL, LHSSHSL, LHSSH, LSLHHSL, 

LSLHSLL, HLHSHLL, LHLLS 

The Ligands that tends to bind this family of motifs are: TRA, ATH, ICT, SCA and SIN.  

IV. 5. Loop-only family: 

This family includes all motifs that made of Loop (L) elements, like the following:  

LL, L 

The ligands that tend to bind this family of motifs are: FLC and FUM. 
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Note that the water (W) character has been removed from the motifs annotation, in above 

classification, for clarity and the fact that the water molecules are not part of protein structure. 

 

The classification above show clearly that contrary to the common misunderstanding that 

loop regions serve only as connectors between secondary structure elements (usually endowed 

with biological function) in the overall three-dimensional structure of proteins. The Loop-

only family of the Ligands binding motifs gives the indication that loop regions may play 

important roles in protein biological functions.  

 

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 III), this project has identified, defined and characterized the protein structural 

elements dubbed here as the binding 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 citric acid cycle. 

The structural elements (α-helices, β-strand and loops) in the define and characterized 

binding motifs are seen by this study as providing the structural support on which the 

functional elements, i.e. the residues, can reside.  

The definition of the ligand binding sites in the form of structural motifs and storing it into 

a the database can be very useful in finding similar motifs in other protein which may be of 

the same and/or different function. This helps lots of studies for protein classifications, 

taxonomy, phylogenetics and homology molecular modeling.   

This study has also deducted the important role of secondary structure and more 

importantly the crucial role of the non-secondary structure regions (loops) in the biological 

function of protein.  

However, the conclusions related to the motifs classification and Ligands binding tendency 

and their potential usage are limited to the enzymes of the CAC pathway under study in this 

project. to find out if 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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Index I 
 

Structure of the 20 amino acids: 

Structure of the 20 (alpha-amino acids used in synthe proteins sizing. Below each amino 

acid are its 3-and 1-letter abbreviation (derived from Elseth and Baumgardner, 

Principle of Modern Genetics (1995).West Pub) 
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Index II 
 

01-CITRATE SYNTHETASE: 

CODES MOTIFS MOTIFS + LIGAND 
MOTIFS + LIGAND + 

RESIDUES 

1AJ8-A-CIT-

1000 

   

1AJ8-B-CIT-

2000 

   

1IXE-A-CIT-405 
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1IXE-B-CIT-

406 

   

1IXE-C-CIT-

407 

   

1IXE-D-CIT-

408 

   

2C6X-A-CIT-

1366 
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2C6X-B-CIT-

1366 

   

2C6X-C-CIT-

1366 

   

2C6X-D-CIT-

1366-C 

   

6CSC-A-CIT-

701 
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6CSC-B-CIT-

701 

   

2P2W-A-FLC-

402 

   

2P2W-A-FLC-

401 

   

2R9E-A-SDX-

700 
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2R9E-B-SDX-701 

   

2R9E-C-SDX-702 

   

2R9E-D-SDX-703 
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Index II 
 

02-ACONITASE: 

CODES MOTIFS MOTIFS + LIGAND 
MOTIFS + LIGAND + 

RESIDUES 

1ACO-A-TRA-

755 

   

1FGH-A-ATH-

755 

   

1L5J-A-TRA-

866 
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1L5J-B-TRA-

867 
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Index II 
 

03-ISOCITRATE DEHYDROGENASE : 

CODES MOTIFS MOTIFS + LIGAND 
MOTIFS + LIGAND + 

RESIDUES 

1ITW-A-ICT-

743 

 
   

1ITW-B-ICT-

744 

   

1ITW-C-ICT-

743 
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1ITW-D-ICT-

743 

   

1XKD-A-ICT-

1002 

   

1XKD-B-ICT-

1004 

   

2UXR-A-ICT-

1404 
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2UXR-B-ICT-

1397 

   

4AJ3-A-ICT-1418 

   

4AJB-A-ICT-502 

   

4BNP-A-ICT-502 
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04- α- Ketoglutarate Dehydrogenase : 

CODSE MOTIFS MOTIFS + LIGAND 
MOTIFS + LIGAND + 

RESIDUES 

1CW4-A-AKG-

417 

   

3INM-A-AKG-

511 

   

3INM-B-AKG-

511 
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3INM C-AKG-

511 

   

309Z-A-AKG-

312 

   

309Z-B-AKG-

312 

   

3O9Z-C-AKG-

312 
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3O9Z-D-AKG-312 

   

4AJC-A-AKG-502 

   

4AJ4-A-AKG-

1418 
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Index II 
 

4KZO-A-AKG-

503 

   

4KZO-B-AKG-

503 

   

4KZO-C-AKG-

503 

   

4L06-A-AKG-

503-a 
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4L06-B-AKG-

503 

   

4L06-C-AKG-

503 

   

4L06-D-AKG-

503 

   

4L06-E-AKG-

503 
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4L06-F-AKG-503 

   

4LO4-A-AKG-501 

   

4LO4-B-AKG-501 
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4LO4-C-AKG-

501 

   

4LO4-D-AKG-

501 

   

4LO4-E-AKG-

501 
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4L04-F-AKG-

501 

   

4LO3-A-AKG-

504 

   

4LO3-B-AKG-

503 

   

4LO3-C-AKG-

503 
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05- SUCCINYL-COA-SYNTHETASE: 

CODES MOTIFS MOTIFS + LIGAND 
MOTIFS + LIGAND + 

RESIDUES 

2BW0-A-SCA-

500 

   

2BWO-B-SCA-

500 

   

2BWO-D-SCA-

500 
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2BWO-E-SCA-

500 

   

2BWN-A-SIN-

1398 

   

2BWN-D-SIN-

1399 

   

2BWN-E-SIN-

1400 
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06- SUCCINATE DEHYDROGENASE: 

CODES MOTIFS MOTIFS + LIGAND 
MOTIFS + LIGAND + 

RESIDUES 

2DJL-A-SIN-

1370 

   

2DJL-B-SIN-2370 

   

2W8Q-A-SIN-

3001 
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3JU8-A-SIN-504 

   

4LH2-A-SIN-

602 

   

4LH2-B-SIN-

602 
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Index II 
 

07- FUMARASE: 

CODES MOTIFS MOTIFS + LIGAND 
MOTIFS + LIGAND + 

RESIDUES 

4APB-A-FUM-

1469 

   

4APB-B-FUM-

1469 

   

4APB-C-FUM-

1469 
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4APB-D-FUM-B-

1471 
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Index II 
 

08- MALATE DEHYDROGENASE : 

CODES MOTIFS MOTIFS + LIGAND 
MOTIFS + LIGAND + 

RESIDUES 

2DFD-A-MLT-

3104 

   

2DFD-B-MLT-

3102 

   

2DFD-C-MLT-

3103 
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2DFD-D-MLT-

3101 
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Index III 
 

01- Citrate synthase : 

Entry: 

1aj8 
LYASE  

Protein-Ligand Environment 

Protein 

Residues  
Ligand 

 
Bonds 

Chain SSelm Name Number Atom 
 

Chain Name Number Atom 
 

Distance/Å 

Possible 

Bond 

Type 

A No SSE HIS 188  CB  
 

A CIT 1000  O5 
 

3.2 
van der 

Waals 

A No SSE HIS 188  CG  
 

A CIT 1000  O1 
 

3.89 
van der 

Waals 

A No SSE HIS 188  CG  
 

A CIT 1000  O5 
 

3.29 
van der 

Waals 

A No SSE HIS 188  CD2 
 

A CIT 1000  C1 
 

3.91 
van der 

Waals 

A No SSE HIS 188  CD2 
 

A CIT 1000  O1 
 

2.81 
van der 

Waals 

A No SSE HIS 188  CD2 
 

A CIT 1000  O7 
 

3.38 
van der 

Waals 

A No SSE HIS 188  CD2 
 

A CIT 1000  C6 
 

3.77 
van der 

Waals 

A No SSE HIS 188  CD2 
 

A CIT 1000  O5 
 

3.24 
van der 

Waals 

A No SSE HIS 188  NE2 
 

A CIT 1000  O1 
 

3.65 H.Bond 

A No SSE HIS 188  NE2 
 

A CIT 1000  O7 
 

3.93 H.Bond 

A No SSE ASN 191  CB  
 

A CIT 1000  C1 
 

3.38 
van der 

Waals 

A No SSE ASN 191  CB  
 

A CIT 1000  O1 
 

3.58 
van der 

Waals 

A No SSE ASN 191  CB  
 

A CIT 1000  O2 
 

3.81 
van der 

Waals 

A No SSE ASN 191  CB  
 

A CIT 1000  C2 
 

3.45 
van der 

Waals 

A No SSE ASN 191  CB  
 

A CIT 1000  O6 
 

3.19 
van der 

Waals 
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Index III 
 

A No SSE ASN 191  CB  
 

A CIT 1000  O6 
 

3.19 
van der 

Waals 

A No SSE ASN 191  CG  
 

A CIT 1000  O6 
 

3.14 
van der 

Waals 

A No SSE ASN 191  OD1 
 

A CIT 1000  O6 
 

3.53 H.Bond 

A No SSE ASN 191  ND2 
 

A CIT 1000  O6 
 

3.49 H.Bond 

A No SSE HIS 223  CA  
 

A CIT 1000  O3 
 

3.3 
van der 

Waals 

A No SSE HIS 223  C  
 

A CIT 1000  O3 
 

3.11 
van der 

Waals 

A No SSE HIS 223  O  
 

A CIT 1000  O3 
 

3.28 H.Bond 

A No SSE HIS 223  CG  
 

A CIT 1000  O3 
 

3.89 
van der 

Waals 

A No SSE HIS 223  CD2 
 

A CIT 1000  C2 
 

3.73 
van der 

Waals 

A No SSE HIS 223  CD2 
 

A CIT 1000  C4 
 

3.61 
van der 

Waals 

A No SSE HIS 223  CD2 
 

A CIT 1000  C5 
 

3.66 
van der 

Waals 

A No SSE HIS 223  CD2 
 

A CIT 1000  O3 
 

2.98 
van der 

Waals 

A No SSE HIS 223  NE2 
 

A CIT 1000  C2 
 

3.52 H.Bond 

A No SSE HIS 223  NE2 
 

A CIT 1000  C4 
 

3.81 H.Bond 

A No SSE HIS 223  NE2 
 

A CIT 1000  O3 
 

3.98 H.Bond 

A No SSE HIS 223  NE2 
 

A CIT 1000  O6 
 

3.29 H.Bond 

A 
224-237 

H: 5 
GLY 224  N  

 
A CIT 1000  O3 

 
3.59 H.Bond 

A No SSE HIS 262  CD2 
 

A CIT 1000  O7 
 

3.58 
van der 

Waals 

A No SSE HIS 262  CE1 
 

A CIT 1000  C1 
 

3.61 
van der 

Waals 

A No SSE HIS 262  CE1 
 

A CIT 1000  O1 
 

3.22 
van der 

Waals 

A No SSE HIS 262  CE1 
 

A CIT 1000  O2 
 

3.66 
van der 

Waals 

A No SSE HIS 262  NE2 
 

A CIT 1000  C1 
 

3.19 H.Bond 

A No SSE HIS 262  NE2 
 

A CIT 1000  O1 
 

2.96 H.Bond 
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A No SSE HIS 262  NE2 
 

A CIT 1000  O2 
 

3.54 H.Bond 

A No SSE HIS 262  NE2 
 

A CIT 1000  C2 
 

3.92 H.Bond 

A No SSE HIS 262  NE2 
 

A CIT 1000  C3 
 

3.72 H.Bond 

A No SSE HIS 262  NE2 
 

A CIT 1000  O7 
 

2.98 H.Bond 

A 
270-282 

H: 1 
ARG 271  CZ  

 
A CIT 1000  O7 

 
3.65 

van der 

Waals 

A 
270-282 

H: 1 
ARG 271  CZ  

 
A CIT 1000  O5 

 
3.59 

van der 

Waals 

A 
270-282 

H: 1 
ARG 271  NH1 

 
A CIT 1000  O7 

 
3.62 H.Bond 

A 
270-282 

H: 1 
ARG 271  NH1 

 
A CIT 1000  C6 

 
3.95 H.Bond 

A 
270-282 

H: 1 
ARG 271  NH1 

 
A CIT 1000  O5 

 
2.75 H.Bond 

A 
270-282 

H: 1 
ARG 271  NH2 

 
A CIT 1000  O7 

 
2.8 H.Bond 

A 
270-282 

H: 1 
ARG 271  NH2 

 
A CIT 1000  O5 

 
3.57 H.Bond 

A No SSE VAL 311  CG1 
 

A CIT 1000  O4 
 

3.8 
van der 

Waals 

A No SSE ASP 312  OD2 
 

A CIT 1000  C5 
 

3.46 
van der 

Waals 

A No SSE ASP 312  OD2 
 

A CIT 1000  O3 
 

3.41 H.Bond 

A No SSE ASP 312  OD2 
 

A CIT 1000  O4 
 

3.38 H.Bond 

A 
326-351 

H: 5 
PHE 333  CE2 

 
A CIT 1000  C4 

 
3.95 

van der 

Waals 

A 
326-351 

H: 5 
PHE 333  CZ  

 
A CIT 1000  C4 

 
3.79 

van der 

Waals 

A 
326-351 

H: 5 
ARG 337  CZ  

 
A CIT 1000  O5 

 
3.77 

van der 

Waals 

A 
326-351 

H: 5 
ARG 337  CZ  

 
A CIT 1000  O6 

 
3.62 

van der 

Waals 

A 
326-351 

H: 5 
ARG 337  NH1 

 
A CIT 1000  C6 

 
3.71 H.Bond 

A 
326-351 

H: 5 
ARG 337  NH1 

 
A CIT 1000  O5 

 
3.72 H.Bond 

A 
326-351 

H: 5 
ARG 337  NH1 

 
A CIT 1000  O6 

 
2.8 H.Bond 
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A 
326-351 

H: 5 
ARG 337  NH2 

 
A CIT 1000  O5 

 
2.93 H.Bond 

A 
326-351 

H: 5 
ARG 337  NH2 

 
A CIT 1000  O6 

 
3.55 H.Bond 

A Water HOH 3025  O  
 

A CIT 1000  C1 
 

3.53 
van der 

Waals 

A Water HOH 3025  O  
 

A CIT 1000  O2 
 

2.97 H.Bond 

A Water HOH 3025  O  
 

A CIT 1000  C2 
 

3.33 
van der 

Waals 

A Water HOH 3030  O  
 

A CIT 1000  C2 
 

3.81 
van der 

Waals 

A Water HOH 3030  O  
 

A CIT 1000  C5 
 

3.63 
van der 

Waals 

A Water HOH 3030  O  
 

A CIT 1000  O3 
 

3.15 H.Bond 

A Water HOH 3035  O  
 

A CIT 1000  C1 
 

3.55 
van der 

Waals 

A Water HOH 3035  O  
 

A CIT 1000  O2 
 

2.6 H.Bond 

A Water HOH 3194  O  
 

A CIT 1000  C5 
 

3.33 
van der 

Waals 

A Water HOH 3194  O  
 

A CIT 1000  O3 
 

3.42 H.Bond 

A Water HOH 3194  O  
 

A CIT 1000  O4 
 

2.57 H.Bond 

 

 

Note: The rest of binding details are stored in the Flat-Files database and in the online version 

of the database. 
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02- Aconitase : 

Entry: 

1aco 
LYASE(CARBON-OXYGEN)  

Protein-Ligand Environment 

Protein 

Residues  
Ligand 

 
Bonds 

Chain SSelm Name Number Atom 
 

Chain Name Number Atom 
 

Distance/Å 

Possible 

Bond 

Type 

A 
67-73 

S: 1 
GLN 72  CD  

 
A TRA 755  OA2 

 
3.87 

van der 

Waals 

A 
67-73 

S: 1 
GLN 72  OE1 

 
A TRA 755  OA2 

 
3.93 H.Bond 

A 
67-73 

S: 1 
GLN 72  NE2 

 
A TRA 755  CA 

 
3.7 H.Bond 

A 
67-73 

S: 1 
GLN 72  NE2 

 
A TRA 755  CB 

 
3.96 H.Bond 

A 
67-73 

S: 1 
GLN 72  NE2 

 
A TRA 755  CAC 

 
3.7 H.Bond 

A 
67-73 

S: 1 
GLN 72  NE2 

 
A TRA 755  OA2 

 
2.93 H.Bond 

A 
No 

SSE 
ALA 74  CB  

 
A TRA 755  OA2 

 
3.5 

van der 

Waals 

A 
No 

SSE 
THR 75  CG2 

 
A TRA 755  OA2 

 
3.59 

van der 

Waals 

A 
No 

SSE 
HIS 101  CD2 

 
A TRA 755  OA2 

 
3.94 

van der 

Waals 

A 
No 

SSE 
HIS 101  NE2 

 
A TRA 755  CG 

 
3.56 H.Bond 

A 
No 

SSE 
ASP 165  CA  

 
A TRA 755  OB2 

 
3.33 

van der 

Waals 

A 
No 

SSE 
ASP 165  C  

 
A TRA 755  OB2 

 
3.52 

van der 

Waals 

A 
No 

SSE 
ASP 165  CG  

 
A TRA 755  CBC 

 
3.72 

van der 

Waals 

A 
No 

SSE 
ASP 165  CG  

 
A TRA 755  OB1 

 
3.92 

van der 

Waals 

A 
No 

SSE 
ASP 165  CG  

 
A TRA 755  OB2 

 
3.87 

van der 

Waals 
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A No SSE ASP 165  OD1 
 

A TRA 755  CG 
 

3.49 
van der 

Waals 

A No SSE ASP 165  OD1 
 

A TRA 755  CBC 
 

3.32 
van der 

Waals 

A No SSE ASP 165  OD1 
 

A TRA 755  OB1 
 

3.71 H.Bond 

A No SSE ASP 165  OD1 
 

A TRA 755  OB2 
 

3.69 H.Bond 

A No SSE ASP 165  OD2 
 

A TRA 755  CBC 
 

3.95 
van der 

Waals 

A No SSE ASP 165  OD2 
 

A TRA 755  OB1 
 

3.75 H.Bond 

A 
166-174 

H: 5 
SER 166  N  

 
A TRA 755  CBC 

 
3.47 H.Bond 

A 
166-174 

H: 5 
SER 166  N  

 
A TRA 755  OB1 

 
3.45 H.Bond 

A 
166-174 

H: 5 
SER 166  N  

 
A TRA 755  OB2 

 
2.82 H.Bond 

A 
166-174 

H: 5 
SER 166  CA  

 
A TRA 755  OB2 

 
3.83 

van der 

Waals 

A 
166-174 

H: 5 
SER 166  CB  

 
A TRA 755  OB1 

 
3.52 

van der 

Waals 

A 
166-174 

H: 5 
SER 166  CB  

 
A TRA 755  OB2 

 
3.65 

van der 

Waals 

A 
166-174 

H: 5 
SER 166  OG  

 
A TRA 755  CBC 

 
3.6 

van der 

Waals 

A 
166-174 

H: 5 
SER 166  OG  

 
A TRA 755  OB1 

 
2.7 H.Bond 

A 
166-174 

H: 5 
SER 166  OG  

 
A TRA 755  OB2 

 
3.67 H.Bond 

A 
423-425 

H: 5 
ILE 425  CG2 

 
A TRA 755  CGC 

 
3.91 

van der 

Waals 

A 
423-425 

H: 5 
ILE 425  CG2 

 
A TRA 755  OG1 

 
3.99 

van der 

Waals 

A No SSE ARG 447  NH1 
 

A TRA 755  CGC 
 

3.68 H.Bond 

A No SSE ARG 447  NH1 
 

A TRA 755  OB1 
 

3.17 H.Bond 

A No SSE ARG 447  NH1 
 

A TRA 755  OG1 
 

3.38 H.Bond 

A No SSE ARG 447  NH1 
 

A TRA 755  OG2 
 

3.53 H.Bond 

A No SSE ARG 452  CZ  
 

A TRA 755  OG1 
 

3.75 
van der 

Waals 
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A No SSE ARG 452  NH2 
 

A TRA 755  OG1 
 

3.68 H.Bond 

A No SSE ARG 452  NH2 
 

A TRA 755  OG2 
 

2.87 H.Bond 

A No SSE ARG 580  CZ  
 

A TRA 755  CAC 
 

3.99 
van der 

Waals 

A No SSE ARG 580  CZ  
 

A TRA 755  OA1 
 

3.52 
van der 

Waals 

A No SSE ARG 580  CZ  
 

A TRA 755  OA2 
 

3.81 
van der 

Waals 

A No SSE ARG 580  NH1 
 

A TRA 755  OA1 
 

3.18 H.Bond 

A No SSE ARG 580  NH2 
 

A TRA 755  CAC 
 

3.12 H.Bond 

A No SSE ARG 580  NH2 
 

A TRA 755  OA1 
 

3.05 H.Bond 

A No SSE ARG 580  NH2 
 

A TRA 755  OA2 
 

2.71 H.Bond 

A No SSE SER 642  CA  
 

A TRA 755  CBC 
 

3.86 
van der 

Waals 

A No SSE SER 642  CA  
 

A TRA 755  OB1 
 

3.82 
van der 

Waals 

A No SSE SER 642  CA  
 

A TRA 755  OB2 
 

3.83 
van der 

Waals 

A No SSE SER 642  C  
 

A TRA 755  OB2 
 

3.92 
van der 

Waals 

A No SSE SER 642  CB  
 

A TRA 755  CBC 
 

3.9 
van der 

Waals 

A No SSE SER 642  CB  
 

A TRA 755  OG1 
 

3.44 
van der 

Waals 

A No SSE SER 642  OG  
 

A TRA 755  CA 
 

2.9 
van der 

Waals 

A No SSE SER 642  OG  
 

A TRA 755  CB 
 

3.17 
van der 

Waals 

A No SSE SER 642  OG  
 

A TRA 755  CAC 
 

3.65 
van der 

Waals 

A No SSE SER 642  OG  
 

A TRA 755  CBC 
 

3.29 
van der 

Waals 

A No SSE SER 642  OG  
 

A TRA 755  OA1 
 

3.32 H.Bond 

A No SSE SER 642  OG  
 

A TRA 755  OB1 
 

3.88 H.Bond 

A No SSE SER 642  OG  
 

A TRA 755  OB2 
 

3.43 H.Bond 

A No SSE SER 642  OG  
 

A TRA 755  OG1 
 

3.37 H.Bond 

A No SSE SER 643  N  
 

A TRA 755  CBC 
 

3.82 H.Bond 
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A No SSE SER 643  N  
 

A TRA 755  OB2 
 

3.04 H.Bond 

A No SSE SER 643  CA  
 

A TRA 755  OB2 
 

3.86 
van der 

Waals 

A No SSE SER 643  CB  
 

A TRA 755  OB2 
 

3.6 
van der 

Waals 

A No SSE SER 643  OG  
 

A TRA 755  CBC 
 

3.97 
van der 

Waals 

A No SSE SER 643  OG  
 

A TRA 755  OB2 
 

2.76 H.Bond 

A No SSE ARG 644  CB  
 

A TRA 755  OA1 
 

3.82 
van der 

Waals 

A No SSE ARG 644  CD  
 

A TRA 755  OA1 
 

3.94 
van der 

Waals 

A No SSE ARG 644  NE  
 

A TRA 755  OA1 
 

2.93 H.Bond 

A No SSE ARG 644  CZ  
 

A TRA 755  OA1 
 

3.49 
van der 

Waals 

A No SSE ARG 644  NH2 
 

A TRA 755  OA1 
 

3.36 H.Bond 

A No SSE ARG 644  NH2 
 

A TRA 755  OG1 
 

3.1 H.Bond 

A Water HOH 1000  O  
 

A TRA 755  CB 
 

3.88 
van der 

Waals 

A Water HOH 1000  O  
 

A TRA 755  CG 
 

3.45 
van der 

Waals 

A Water HOH 1000  O  
 

A TRA 755  CBC 
 

3.39 
van der 

Waals 

A Water HOH 1000  O  
 

A TRA 755  CGC 
 

3.5 
van der 

Waals 

A Water HOH 1000  O  
 

A TRA 755  OB1 
 

2.63 H.Bond 

A Water HOH 1000  O  
 

A TRA 755  OG2 
 

2.98 H.Bond 

A Water HOH 1000  H1  
 

A TRA 755  CBC 
 

3.66 
 

A Water HOH 1000  H1  
 

A TRA 755  OB1 
 

2.97 
 

A Water HOH 1000  H1  
 

A TRA 755  OG2 
 

3.93 
 

A Water HOH 1000  H2  
 

A TRA 755  CB 
 

3.53 
 

A Water HOH 1000  H2  
 

A TRA 755  CG 
 

3.34 
 

A Water HOH 1000  H2  
 

A TRA 755  CBC 
 

2.82 
 

A Water HOH 1000  H2  
 

A TRA 755  CGC 
 

3.17 
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A Water HOH 1000  H2  
 

A TRA 755  OB1 
 

1.83 , Covalent 

A Water HOH 1000  H2  
 

A TRA 755  OB2 
 

3.73 
 

A Water HOH 1000  H2  
 

A TRA 755  OG2 
 

2.79 
 

 

Note: The rest of binding details are stored in the Flat-Files database and in the online version 

of the database. 
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03-ISOCITRATE  DEHYDROGENASE : 

Entry: 

4aj3 
OXIDOREDUCTASE  

Protein-Ligand Environment 

Protein 

Residues  
Ligand 

 
Bonds 

Chain SSelm Name Number Atom 
 

Chain Name Number Atom 
 

Distance

/Å 

Possible 

Bond Type 

A No SSE THR 105  CB  
 

A ICT 1418  O3 
 

3.15 
van der 

Waals 

A No SSE THR 105  OG1 
 

A ICT 1418  C5 
 

3.47 
van der 

Waals 

A No SSE THR 105  OG1 
 

A ICT 1418  O3 
 

2.6 H.Bond 

A No SSE THR 105  OG1 
 

A ICT 1418  O4 
 

3.58 H.Bond 

A 
113-122 H: 

1 
SER 113  CB  

 
A ICT 1418  O4 

 
3.38 

van der 

Waals 

A 
113-122 H: 

1 
SER 113  OG  

 
A ICT 1418  C5 

 
3.51 

van der 

Waals 

A 
113-122 H: 

1 
SER 113  OG  

 
A ICT 1418  O3 

 
3.82 H.Bond 

A 
113-122 H: 

1 
SER 113  OG  

 
A ICT 1418  O4 

 
2.49 H.Bond 

A 
113-122 H: 

1 
ASN 115  CB  

 
A ICT 1418  O4 

 
3.44 

van der 

Waals 

A 
113-122 H: 

1 
ASN 115  CG  

 
A ICT 1418  O4 

 
3.76 

van der 

Waals 

A 
113-122 H: 

1 
ASN 115  ND2 

 
A ICT 1418  C5 

 
3.42 H.Bond 

A 
113-122 H: 

1 
ASN 115  ND2 

 
A ICT 1418  O3 

 
3.46 H.Bond 

A 
113-122 H: 

1 
ASN 115  ND2 

 
A ICT 1418  O4 

 
3.1 H.Bond 

A 
113-122 H: 

1 
ARG 119  CZ  

 
A ICT 1418  O1 

 
3.52 

van der 

Waals 

A 
113-122 H: 

1 
ARG 119  CZ  

 
A ICT 1418  O6 

 
3.66 

van der 

Waals 

A 
113-122 H: 

1 
ARG 119  NH1 

 
A ICT 1418  O1 

 
3.64 H.Bond 
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A 
113-122 

H: 1 
ARG 119  NH1 

 
A ICT 1418  C6 

 
3.65 H.Bond 

A 
113-122 

H: 1 
ARG 119  NH1 

 
A ICT 1418  O6 

 
2.71 H.Bond 

A 
113-122 

H: 1 
ARG 119  NH2 

 
A ICT 1418  C1 

 
3.67 H.Bond 

A 
113-122 

H: 1 
ARG 119  NH2 

 
A ICT 1418  O1 

 
2.56 H.Bond 

A 
113-122 

H: 1 
ARG 119  NH2 

 
A ICT 1418  O6 

 
3.76 H.Bond 

A 
126-132 S: 

-1 
ARG 129  CZ  

 
A ICT 1418  O2 

 
3.59 

van der 

Waals 

A 
126-132 S: 

-1 
ARG 129  NH1 

 
A ICT 1418  O2 

 
3.26 H.Bond 

A 
126-132 S: 

-1 
ARG 129  NH2 

 
A ICT 1418  C1 

 
3.3 H.Bond 

A 
126-132 S: 

-1 
ARG 129  NH2 

 
A ICT 1418  O1 

 
2.86 H.Bond 

A 
126-132 S: 

-1 
ARG 129  NH2 

 
A ICT 1418  O2 

 
3.03 H.Bond 

A 
148-154 S: 

-1 
ARG 153  CZ  

 
A ICT 1418  O2 

 
3.96 

van der 

Waals 

A 
148-154 S: 

-1 
ARG 153  CZ  

 
A ICT 1418  O6 

 
3.5 

van der 

Waals 

A 
148-154 S: 

-1 
ARG 153  NH1 

 
A ICT 1418  C1 

 
3.79 H.Bond 

A 
148-154 S: 

-1 
ARG 153  NH1 

 
A ICT 1418  O1 

 
3.97 H.Bond 

A 
148-154 S: 

-1 
ARG 153  NH1 

 
A ICT 1418  O2 

 
3.04 H.Bond 

A 
148-154 S: 

-1 
ARG 153  NH1 

 
A ICT 1418  O6 

 
3.41 H.Bond 

A 
148-154 S: 

-1 
ARG 153  NH2 

 
A ICT 1418  C6 

 
3.67 H.Bond 

A 
148-154 S: 

-1 
ARG 153  NH2 

 
A ICT 1418  O5 

 
3.87 H.Bond 

A 
148-154 S: 

-1 
ARG 153  NH2 

 
A ICT 1418  O6 

 
2.74 H.Bond 
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A 
157-162 H: 

5 
TYR 160  CE2 

 
A ICT 1418  C6 

 
3.58 

van der 

Waals 

A 
157-162 H: 

5 
TYR 160  CE2 

 
A ICT 1418  O5 

 
3.04 

van der 

Waals 

A 
157-162 H: 

5 
TYR 160  CE2 

 
A ICT 1418  O6 

 
3.53 

van der 

Waals 

A 
157-162 H: 

5 
TYR 160  CZ  

 
A ICT 1418  C6 

 
3.82 

van der 

Waals 

A 
157-162 H: 

5 
TYR 160  CZ  

 
A ICT 1418  O5 

 
3.02 

van der 

Waals 

A 
157-162 H: 

5 
TYR 160  CZ  

 
A ICT 1418  O6 

 
3.84 

van der 

Waals 

A 
157-162 H: 

5 
TYR 160  OH  

 
A ICT 1418  C6 

 
3.13 

van der 

Waals 

A 
157-162 H: 

5 
TYR 160  OH  

 
A ICT 1418  O5 

 
2.2 H.Bond 

A 
157-162 H: 

5 
TYR 160  OH  

 
A ICT 1418  O6 

 
3.37 H.Bond 

A 
302-317 H: 

1 
ASP 307  CG  

 
A ICT 1418  O2 

 
3.96 

van der 

Waals 

A 
302-317 H: 

1 
ASP 307  CG  

 
A ICT 1418  O7 

 
3.93 

van der 

Waals 

A 
302-317 H: 

1 
ASP 307  OD1 

 
A ICT 1418  C1 

 
3.77 

van der 

Waals 

A 
302-317 H: 

1 
ASP 307  OD1 

 
A ICT 1418  O2 

 
2.83 H.Bond 

A 
302-317 H: 

1 
ASP 307  OD1 

 
A ICT 1418  C2 

 
3.99 

van der 

Waals 

A 
302-317 H: 

1 
ASP 307  OD1 

 
A ICT 1418  O7 

 
3.07 H.Bond 

A 
302-317 H: 

1 
ASP 307  OD1 

 
A ICT 1418  O5 

 
3.89 H.Bond 

A Water HOH 2156  O  
 

A ICT 1418  O2 
 

3.31 H.Bond 

 

 

Note: The rest of binding details are stored in the Flat-Files database and in the online version 

of the database. 
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04- α- Ketoglutarate dehydrogenase : 

Entry: 

3inm 
OXIDOREDUCTASE  

Protein-Ligand Environment 

Protein 

Residues  
Ligand 

 
Bonds 

Chain SSelm Name Number Atom 
 

Chain Name Number Atom 
 

Distance/Å 
Possible 

Bond Type 

A No SSE THR 77  CB  
 

A AKG 511  O3 
 

3.35 
van der 

Waals 

A No SSE THR 77  OG1 
 

A AKG 511  C5 
 

3.55 
van der 

Waals 

A No SSE THR 77  OG1 
 

A AKG 511  O3 
 

2.78 H.Bond 

A No SSE THR 77  OG1 
 

A AKG 511  O4 
 

3.61 H.Bond 

A No SSE THR 77  CG2 
 

A AKG 511  O3 
 

3.94 
van der 

Waals 

A 
94-104 H: 

1 
SER 94  CB  

 
A AKG 511  O4 

 
3.51 

van der 

Waals 

A 
94-104 H: 

1 
SER 94  OG  

 
A AKG 511  C5 

 
3.48 

van der 

Waals 

A 
94-104 H: 

1 
SER 94  OG  

 
A AKG 511  O3 

 
3.77 H.Bond 

A 
94-104 H: 

1 
SER 94  OG  

 
A AKG 511  O4 

 
2.53 H.Bond 

A 
94-104 H: 

1 
ASN 96  CB  

 
A AKG 511  O4 

 
3.69 

van der 

Waals 

A 
94-104 H: 

1 
ASN 96  CG  

 
A AKG 511  O4 

 
3.76 

van der 

Waals 

A 
94-104 H: 

1 
ASN 96  ND2 

 
A AKG 511  C3 

 
3.93 H.Bond 

A 
94-104 H: 

1 
ASN 96  ND2 

 
A AKG 511  C5 

 
3.84 H.Bond 

A 
94-104 H: 

1 
ASN 96  ND2 

 
A AKG 511  O4 

 
2.89 H.Bond 

A 
94-104 H: 

1 
ARG 100  CZ  

 
A AKG 511  O1 

 
3.3 

van der 

Waals 

A 
94-104 H: 

1 
ARG 100  NH1 

 
A AKG 511  O1 

 
3.16 H.Bond 
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A 94-104 H: 1 ARG 100  NH2 
 

A AKG 511  C1 
 

3.87 H.Bond 

A 94-104 H: 1 ARG 100  NH2 
 

A AKG 511  O1 
 

2.65 H.Bond 

A 
106-111 S: -

1 
ARG 109  CZ  

 
A AKG 511  O2 

 
3.52 van der Waals 

A 
106-111 S: -

1 
ARG 109  NH1 

 
A AKG 511  O1 

 
3.84 H.Bond 

A 
106-111 S: -

1 
ARG 109  NH1 

 
A AKG 511  O2 

 
3.66 H.Bond 

A 
106-111 S: -

1 
ARG 109  NH2 

 
A AKG 511  C1 

 
3.57 H.Bond 

A 
106-111 S: -

1 
ARG 109  NH2 

 
A AKG 511  O1 

 
3.87 H.Bond 

A 
106-111 S: -

1 
ARG 109  NH2 

 
A AKG 511  O2 

 
2.55 H.Bond 

A 
136-141 H: 

5 
TYR 139  OH  

 
A AKG 511  C2 

 
3.74 van der Waals 

A 
136-141 H: 

5 
TYR 139  OH  

 
A AKG 511  C3 

 
3.17 van der Waals 

A 
136-141 H: 

5 
TYR 139  OH  

 
A AKG 511  C4 

 
3.52 van der Waals 

A 
136-141 H: 

5 
TYR 139  OH  

 
A AKG 511  C5 

 
3.9 van der Waals 

A 
136-141 H: 

5 
TYR 139  OH  

 
A AKG 511  O4 

 
3.86 H.Bond 

A 
270-286 H: 

1 
ASP 275  CG  

 
A AKG 511  C1 

 
3.67 van der Waals 

A 
270-286 H: 

1 
ASP 275  CG  

 
A AKG 511  O2 

 
3.38 van der Waals 

A 
270-286 H: 

1 
ASP 275  CG  

 
A AKG 511  C2 

 
3.76 van der Waals 

A 
270-286 H: 

1 
ASP 275  CG  

 
A AKG 511  O5 

 
3.66 van der Waals 

A 
270-286 H: 

1 
ASP 275  OD1 

 
A AKG 511  C1 

 
3.32 van der Waals 

A 
270-286 H: 

1 
ASP 275  OD1 

 
A AKG 511  O2 

 
2.76 H.Bond 

A 
270-286 H: 

1 
ASP 275  OD1 

 
A AKG 511  C2 

 
3.41 van der Waals 
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A 
270-286 

H: 1 
ASP 275  

OD

1  
A AKG 511  O5 

 
3.04 H.Bond 

A 
270-286 

H: 1 
ASP 275  

OD

2  
A AKG 511  C1 

 
3.74 

van der 

Waals 

A 
270-286 

H: 1 
ASP 275  

OD

2  
A AKG 511  O2 

 
3.86 H.Bond 

A 
270-286 

H: 1 
ASP 275  

OD

2  
A AKG 511  C2 

 
3.51 

van der 

Waals 

A 
270-286 

H: 1 
ASP 275  

OD

2  
A AKG 511  O5 

 
3.54 H.Bond 

A No SSE ALA 308  O  
 

A AKG 511  O2 
 

3.9 H.Bond 

A Water HOH 427  O  
 

A AKG 511  O2 
 

3.69 H.Bond 

A Water HOH 427  O  
 

A AKG 511  O5 
 

3.36 H.Bond 

A Water HOH 430  O  
 

A AKG 511  O5 
 

3.39 H.Bond 

A Water HOH 430  O  
 

A AKG 511  C4 
 

3.34 
van der 

Waals 

A Water HOH 431  O  
 

A AKG 511  C4 
 

3.4 
van der 

Waals 

A Water HOH 431  O  
 

A AKG 511  C5 
 

3.29 
van der 

Waals 

A Water HOH 431  O  
 

A AKG 511  O3 
 

2.43 H.Bond 

A Water HOH 432  O  
 

A AKG 511  C5 
 

3.7 
van der 

Waals 

A Water HOH 432  O  
 

A AKG 511  O3 
 

3.73 H.Bond 

A Water HOH 432  O  
 

A AKG 511  O4 
 

3.3 H.Bond 

 

Note: The rest of binding details are stored in the Flat-Files database and in the online version 

of the database. 
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05-SUCCINYL-COA-SYNTHETASE: 

Entry: 

2bwo 
NH1TRANSFERASE  

Protein-Ligand Environment 

Protein 

Residues  
Ligand 

 

Bonds 

Chain SSelm Name Number Atom 
 

Chain Name 
Numbe

r 
Atom 

 
Distance/Å 

Possible 

Bond 

Type 

A No SSE ARG 21  CZ  
 

A SCA 500  OS5 
 

3.72 
van der 

Waals 

A No SSE ARG 21  NH1 
 

A SCA 500  CS4 
 

3.62 H.Bond 

A No SSE ARG 21  NH1 
 

A SCA 500  OS4 
 

3.76 H.Bond 

A No SSE ARG 21  NH1 
 

A SCA 500  OS5 
 

2.79 H.Bond 

A No SSE ARG 21  NH2 
 

A SCA 500  OS5 
 

3.93 H.Bond 

A 
134-138 S: 

1 
SER 137  CB  

 
A SCA 500  C2 

 
3.85 

van der 

Waals 

A 
134-138 S: 

1 
SER 137  CB  

 
A SCA 500  N1 

 
3.32 H.Bond 

A 
134-138 S: 

1 
SER 137  OG  

 
A SCA 500  C2 

 
3.59 

van der 

Waals 

A 
134-138 S: 

1 
SER 137  OG  

 
A SCA 500  N1 

 
2.74 H.Bond 

A 
134-138 S: 

1 
SER 137  OG  

 
A SCA 500  C6 

 
3.59 

van der 

Waals 

A 
134-138 S: 

1 
SER 137  OG  

 
A SCA 500  N6 

 
3.57 H.Bond 

A 
134-138 S: 

1 
ASP 138  C  

 
A SCA 500  N6 

 
3.71 H.Bond 

A 
134-138 S: 

1 
ASP 138  O  

 
A SCA 500  C6 

 
3.96 

van der 

Waals 

A 
134-138 S: 

1 
ASP 138  O  

 
A SCA 500  N6 

 
2.79 H.Bond 

A No SSE SER 139  CA  
 

A SCA 500  N6 
 

3.54 H.Bond 

A No SSE SER 139  C  
 

A SCA 500  N6 
 

3.5 H.Bond 

A No SSE SER 139  O  
 

A SCA 500  N6 
 

3.16 H.Bond 

A No SSE LEU 140  O  
 

A SCA 500  OP1 
 

3.99 H.Bond 
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A No SSE ASN 141  O  
 

A SCA 500  CP4 
 

3.55 van der Waals 

A No SSE ASN 141  O  
 

A SCA 500  CP3 
 

3.99 van der Waals 

A No SSE ASN 141  O  
 

A SCA 500  OP1 
 

3.86 H.Bond 

A No SSE HIS 142  C  
 

A SCA 500  CP4 
 

3.78 van der Waals 

A No SSE HIS 142  CD2 
 

A SCA 500  CP1 
 

2.98 van der Waals 

A No SSE HIS 142  CD2 
 

A SCA 500  OS1 
 

3.9 van der Waals 

A No SSE HIS 142  NE2 
 

A SCA 500  CP1 
 

3.21 H.Bond 

A No SSE HIS 142  NE2 
 

A SCA 500  CS1 
 

3.91 H.Bond 

A No SSE HIS 142  NE2 
 

A SCA 500  OS1 
 

3.05 H.Bond 

A 
143-151 H: 

1 
ALA 143  N  

 
A SCA 500  CP4 

 
3.2 H.Bond 

A 
143-151 H: 

1 
ALA 143  N  

 
A SCA 500  CP3 

 
3.8 H.Bond 

A 
143-151 H: 

1 
ALA 143  N  

 
A SCA 500  NP1 

 
3.9 H.Bond 

A 
143-151 H: 

1 
ALA 143  CA  

 
A SCA 500  CP4 

 
3.79 van der Waals 

A 
143-151 H: 

1 
ILE 146  CG1 

 
A SCA 500  C5 

 
3.69 van der Waals 

A 
143-151 H: 

1 
ILE 146  CG1 

 
A SCA 500  N1 

 
3.71 H.Bond 

A 
143-151 H: 

1 
ILE 146  CG1 

 
A SCA 500  C6 

 
3.48 van der Waals 

A 
143-151 H: 

1 
ILE 146  CG1 

 
A SCA 500  N6 

 
3.85 H.Bond 

A 
143-151 H: 

1 
ILE 146  CG2 

 
A SCA 500  N9 

 
3.86 H.Bond 

A 
143-151 H: 

1 
ILE 146  CG2 

 
A SCA 500  C4 

 
3.65 van der Waals 

A 
143-151 H: 

1 
ILE 146  CG2 

 
A SCA 500  N3 

 
3.76 H.Bond 

A 
143-151 H: 

1 
ILE 146  CD1 

 
A SCA 500  C5 

 
3.57 van der Waals 

A 
143-151 H: 

1 
ILE 146  CD1 

 
A SCA 500  N7 

 
3.66 H.Bond 

A 
143-151 H: 

1 
ILE 146  CD1 

 
A SCA 500  C6 

 
3.67 van der Waals 
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A 
143-151 

H: 1 
ILE 146  CD1 

 
A SCA 500  N6 

 
3.76 H.Bond 

A 
143-151 

H: 1 
LYS 150  CD  

 
A SCA 500  O4' 

 
3.87 

van der 

Waals 

A 
143-151 

H: 1 
LYS 150  NZ  

 
A SCA 500  C4' 

 
3.95 H.Bond 

A 
156-159 

S: 1 
LYS 156  CD  

 
A SCA 500  N3 

 
3.96 H.Bond 

A 
156-159 

S: 1 
LYS 156  NZ  

 
A SCA 500  O2' 

 
3.72 H.Bond 

A 
156-159 

S: 1 
LYS 156  NZ  

 
A SCA 500  O3' 

 
3.67 H.Bond 

A 
156-159 

S: 1 
LYS 156  NZ  

 
A SCA 500  O33 

 
3.97 H.Bond 

A 
156-159 

S: 1 
ILE 158  CD1 

 
A SCA 500  N9 

 
3.9 H.Bond 

A 
156-159 

S: 1 
ILE 158  CD1 

 
A SCA 500  C4 

 
3.6 

van der 

Waals 

A 
156-159 

S: 1 
ILE 158  CD1 

 
A SCA 500  C5 

 
3.79 

van der 

Waals 

A 
156-159 

S: 1 
ILE 158  CD1 

 
A SCA 500  N3 

 
3.88 H.Bond 

A 
156-159 

S: 1 
ILE 158  CD1 

 
A SCA 500  O2' 

 
3.46 

van der 

Waals 

A No SSE SER 189  OG  
 

A SCA 500  CP1 
 

3.86 
van der 

Waals 

A No SSE SER 189  OG  
 

A SCA 500  S 
 

3.38 
 

A No SSE MET 190  CE  
 

A SCA 500  S 
 

3.06 
van der 

Waals 

A No SSE MET 190  CE  
 

A SCA 500  CS1 
 

3.98 
van der 

Waals 

A No SSE MET 190  CE  
 

A SCA 500  CS2 
 

3.94 
van der 

Waals 

A No SSE PHE 363  CE1 
 

A SCA 500  CP7 
 

3.96 
van der 

Waals 

A No SSE PHE 363  CE1 
 

A SCA 500  CP8 
 

3.53 
van der 

Waals 

A No SSE PRO 364  C  
 

A SCA 500  NP2 
 

3.92 H.Bond 
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A No SSE PRO 364  O  
 

A SCA 500  CP7 
 

3.69 
van der 

Waals 

A No SSE PRO 364  O  
 

A SCA 500  OP3 
 

3.94 H.Bond 

A No SSE PRO 364  O  
 

A SCA 500  CP6 
 

3.31 
van der 

Waals 

A No SSE PRO 364  O  
 

A SCA 500  NP2 
 

2.71 H.Bond 

A No SSE PRO 364  O  
 

A SCA 500  CP5 
 

3.23 
van der 

Waals 

A No SSE THR 365  O  
 

A SCA 500  CP3 
 

3.94 
van der 

Waals 

A No SSE THR 365  O  
 

A SCA 500  OP1 
 

3.79 H.Bond 

A No SSE THR 365  O  
 

A SCA 500  NP1 
 

3.72 H.Bond 

A No SSE THR 365  O  
 

A SCA 500  CP2 
 

3.25 
van der 

Waals 

A No SSE THR 365  CB  
 

A SCA 500  OS5 
 

3.42 
van der 

Waals 

A No SSE THR 365  OG1 
 

A SCA 500  CS3 
 

3.73 
van der 

Waals 

A No SSE THR 365  OG1 
 

A SCA 500  CS4 
 

3.37 
van der 

Waals 

A No SSE THR 365  OG1 
 

A SCA 500  OS5 
 

2.44 H.Bond 

A No SSE THR 365  CG2 
 

A SCA 500  CP2 
 

3.6 
van der 

Waals 

A No SSE THR 365  CG2 
 

A SCA 500  S 
 

3.58 
van der 

Waals 

A No SSE THR 365  CG2 
 

A SCA 500  CS2 
 

3.66 
van der 

Waals 

A No SSE THR 365  CG2 
 

A SCA 500  CS3 
 

3.75 
van der 

Waals 

A No SSE THR 365  CG2 
 

A SCA 500  OS5 
 

3.55 
van der 

Waals 

A No SSE PRO 367  N  
 

A SCA 500  OP3 
 

3.83 H.Bond 

A No SSE PRO 367  CG  
 

A SCA 500  OP3 
 

3.87 
van der 

Waals 

A Water HOH 2029  O  
 

A SCA 500  CPB 
 

3.12 
van der 

Waals 
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A Water HOH 2029  O  
 

A SCA 500  CPA 
 

1.94 
van der Waals, 

Covalent 

A Water HOH 2029  O  
 

A SCA 500  CP9 
 

2.73 van der Waals 

A Water HOH 2029  O  
 

A SCA 500  CP8 
 

2.6 van der Waals 

A Water HOH 2029  O  
 

A SCA 500  CP6 
 

2.02 van der Waals 

A Water HOH 2029  O  
 

A SCA 500  OP2 
 

3.04 H.Bond 

A Water HOH 2029  O  
 

A SCA 500  NP2 
 

2.59 H.Bond 

A Water HOH 2030  O  
 

A SCA 500  CP7 
 

3.65 van der Waals 

A Water HOH 2030  O  
 

A SCA 500  OP3 
 

3.95 H.Bond 

A Water HOH 2030  O  
 

A SCA 500  CP6 
 

2.28 van der Waals 

A Water HOH 2030  O  
 

A SCA 500  OP2 
 

2.64 H.Bond 

A Water HOH 2030  O  
 

A SCA 500  NP2 
 

1.34 
H.Bond, 

Covalent 

A Water HOH 2030  O  
 

A SCA 500  CP4 
 

1.59 
van der Waals, 

Covalent 

A Water HOH 2030  O  
 

A SCA 500  CP3 
 

2.61 van der Waals 

A Water HOH 2030  O  
 

A SCA 500  OP1 
 

3.47 H.Bond 

A Water HOH 2030  O  
 

A SCA 500  NP1 
 

3.17 H.Bond 

A Water HOH 2031  O  
 

A SCA 500  CP3 
 

3.08 van der Waals 

A Water HOH 2031  O  
 

A SCA 500  OP1 
 

3.42 H.Bond 

A Water HOH 2031  O  
 

A SCA 500  NP1 
 

2.03 H.Bond 

A Water HOH 2031  O  
 

A SCA 500  S 
 

2.13 
 

A Water HOH 2031  O  
 

A SCA 500  CS1 
 

3.31 van der Waals 

A Water HOH 2031  O  
 

A SCA 500  OS1 
 

3.83 H.Bond 

A Water HOH 2032  O  
 

A SCA 500  C5' 
 

2.17 van der Waals 

A Water HOH 2032  O  
 

A SCA 500  O5' 
 

1.32 
H.Bond, 

Covalent 

A Water HOH 2032  O  
 

A SCA 500  O11 
 

1.29 
H.Bond, 

Covalent 
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A Water HOH 2032  O  
 

A SCA 500  O12 
 

1.85 
H.Bond, 

Covalent 

A Water HOH 2032  O  
 

A SCA 500  O6 
 

2.08 H.Bond 

A Water HOH 2032  O  
 

A SCA 500  P2 
 

3.39 
 

A Water HOH 2032  O  
 

A SCA 500  O21 
 

3.77 H.Bond 

A Water HOH 2032  O  
 

A SCA 500  O22 
 

3.9 H.Bond 

 

 

Note: The rest of binding details are stored in the Flat-Files database and in the online version 

of the database. 
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06-SUCCINATE DEHYDROGENASE: 

Entry: 

2w8q 
OXIDOREDUCTASE  

Protein-Ligand Environment 

Protein 

Residues  
Ligand 

 
Bonds 

Chain SSelm Name Number Atom 
 

Chain Name Number Atom 
 

Distance/Å 

Possible 

Bond 

Type 

A 149-171 H: 1 TYR 159  CE2 
 

A SIN 3001  O1 
 

3.51 
van der 

Waals 

A No SSE PHE 206  CE1 
 

A SIN 3001  C3 
 

3.64 
van der 

Waals 

A 208-222 H: 1 ARG 213  NH1 
 

A SIN 3001  C2 
 

3.81 H.Bond 

A 208-222 H: 1 ARG 213  NH2 
 

A SIN 3001  C1 
 

3.86 H.Bond 

A 208-222 H: 1 ARG 213  NH2 
 

A SIN 3001  O1 
 

3.15 H.Bond 

A 208-222 H: 1 ARG 213  NH2 
 

A SIN 3001  C2 
 

3.64 H.Bond 

A 302-307 S: 1 GLU 306  OE1 
 

A SIN 3001  C4 
 

3.53 
van der 

Waals 

A 302-307 S: 1 GLU 306  OE1 
 

A SIN 3001  O3 
 

3.69 H.Bond 

A 320-334 H: 1 ARG 334  CZ  
 

A SIN 3001  O2 
 

3.74 
van der 

Waals 

A 320-334 H: 1 ARG 334  NH1 
 

A SIN 3001  O2 
 

3.46 H.Bond 

A 320-334 H: 1 ARG 334  NH2 
 

A SIN 3001  C1 
 

3.9 H.Bond 

A 320-334 H: 1 ARG 334  NH2 
 

A SIN 3001  O2 
 

3.13 H.Bond 

A No SSE ALA 340  N  
 

A SIN 3001  O3 
 

3.29 H.Bond 

A No SSE ALA 340  CA  
 

A SIN 3001  O3 
 

3.82 
van der 

Waals 

A No SSE ALA 340  CB  
 

A SIN 3001  O3 
 

3.35 
van der 

Waals 

A No SSE VAL 341  CG1 
 

A SIN 3001  C3 
 

3.98 
van der 

Waals 

A No SSE VAL 341  CG1 
 

A SIN 3001  C4 
 

3.75 
van der 

Waals 
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A No SSE VAL 341  CG2 
 

A SIN 3001  O2 
 

3.8 
van der 

Waals 

A No SSE VAL 341  CG2 
 

A SIN 3001  C3 
 

3.91 
van der 

Waals 

A No SSE SER 498  OG  
 

A SIN 3001  C1 
 

3.68 
van der 

Waals 

A No SSE SER 498  OG  
 

A SIN 3001  O1 
 

3.74 H.Bond 

A No SSE SER 498  OG  
 

A SIN 3001  O2 
 

2.94 H.Bond 

A No SSE PHE 504  CE2 
 

A SIN 3001  O2 
 

3.99 
van der 

Waals 

 

 

Note: The rest of binding details are stored in the Flat-Files database and in the online version 

of the database. 
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07- FUMARASE: 

Entry: 

4apb 
HYDROLASE  

Protein-Ligand Environment 

Protein 

Residues  
Ligand 

 
Bonds 

Chain SSelm Name Number Atom 
 

Chain Name Number Atom 
 

Distance/Å 

Possible 

Bond 

Type 

A No SSE GLY 317  O  
 

A FUM 1469  C4 
 

3.72 
van der 

Waals 

A No SSE GLY 317  O  
 

A FUM 1469  O1 
 

3.73 H.Bond 

A No SSE CYS 318  CA  
 

A FUM 1469  C4 
 

3.6 
van der 

Waals 

A No SSE CYS 318  CA  
 

A FUM 1469  C5 
 

3.96 
van der 

Waals 

A No SSE CYS 318  CA  
 

A FUM 1469  C6 
 

3.77 
van der 

Waals 

A No SSE CYS 318  CA  
 

A FUM 1469  O8 
 

3.35 
van der 

Waals 

A No SSE CYS 318  C  
 

A FUM 1469  C6 
 

3.97 
van der 

Waals 

A No SSE CYS 318  C  
 

A FUM 1469  O8 
 

3.62 
van der 

Waals 

A No SSE CYS 318  CB  
 

A FUM 1469  C2 
 

3.64 
van der 

Waals 

A No SSE CYS 318  CB  
 

A FUM 1469  C4 
 

3.19 
van der 

Waals 

A No SSE CYS 318  CB  
 

A FUM 1469  C5 
 

3.66 
van der 

Waals 

A No SSE CYS 318  CB  
 

A FUM 1469  C6 
 

3.96 
van der 

Waals 

A No SSE CYS 318  CB  
 

A FUM 1469  O1 
 

3.59 
van der 

Waals 

A No SSE CYS 318  CB  
 

A FUM 1469  O8 
 

3.99 
van der 

Waals 

A No SSE CYS 318  SG  
 

A FUM 1469  C2 
 

3.21 
van der 

Waals 
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A No SSE CYS 318  SG  
 

A FUM 1469  C4 
 

2.63 
van der 

Waals 

A No SSE CYS 318  SG  
 

A FUM 1469  C5 
 

2.54 
van der 

Waals 

A No SSE CYS 318  SG  
 

A FUM 1469  C6 
 

3.03 
van der 

Waals 

A No SSE CYS 318  SG  
 

A FUM 1469  O1 
 

3.75 
 

A No SSE CYS 318  SG  
 

A FUM 1469  O3 
 

3.8 
 

A No SSE CYS 318  SG  
 

A FUM 1469  O7 
 

3.55 
 

A No SSE CYS 318  SG  
 

A FUM 1469  O8 
 

3.62 
 

A No SSE SER 319  N  
 

A FUM 1469  C6 
 

3.26 H.Bond 

A No SSE SER 319  N  
 

A FUM 1469  O7 
 

3.49 H.Bond 

A No SSE SER 319  N  
 

A FUM 1469  O8 
 

2.91 H.Bond 

A No SSE SER 319  CA  
 

A FUM 1469  O8 
 

3.96 
van der 

Waals 

A No SSE SER 319  CB  
 

A FUM 1469  O7 
 

3.68 
van der 

Waals 

A No SSE SER 319  CB  
 

A FUM 1469  O8 
 

3.85 
van der 

Waals 

A No SSE SER 319  OG  
 

A FUM 1469  C6 
 

3.45 
van der 

Waals 

A No SSE SER 319  OG  
 

A FUM 1469  O7 
 

2.66 H.Bond 

A No SSE SER 319  OG  
 

A FUM 1469  O8 
 

3.58 H.Bond 

A No SSE ILE 320  N  
 

A FUM 1469  O7 
 

3.87 H.Bond 

A No SSE ILE 320  CG2 
 

A FUM 1469  O7 
 

3.69 
van der 

Waals 

A No SSE MET 321  CE  
 

A FUM 1469  C2 
 

3.72 
van der 

Waals 

A No SSE MET 321  CE  
 

A FUM 1469  O3 
 

3.2 
van der 

Waals 

A No SSE LYS 324  CD  
 

A FUM 1469  O1 
 

3.74 
van der 

Waals 

A No SSE LYS 324  CE  
 

A FUM 1469  O1 
 

3.66 
van der 

Waals 

A No SSE LYS 324  NZ  
 

A FUM 1469  C2 
 

3.49 H.Bond 

A No SSE LYS 324  NZ  
 

A FUM 1469  O1 
 

2.65 H.Bond 
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A No SSE LYS 324  NZ  
 

A FUM 1469  O3 
 

3.64 H.Bond 

A No SSE ASN 326  CG  
 

A FUM 1469  O1 
 

3.52 
van der 

Waals 

A No SSE ASN 326  OD1 
 

A FUM 1469  O1 
 

3.58 H.Bond 

A No SSE ASN 326  ND2 
 

A FUM 1469  C2 
 

3.75 H.Bond 

A No SSE ASN 326  ND2 
 

A FUM 1469  O1 
 

2.67 H.Bond 

 

Note: The rest of binding details are stored in the Flat-Files database and in the online version 

of the database. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

174 

Index III 
 

08-MALATE DEHYDROGENASE : 

Entry: 

2dfd 
OXIDOREDUCTASE  

Protein-Ligand Environment 

Protein 

Residues  
Ligand 

 
Bonds 

Chain SSelm 
Nam

e 

Numbe

r 

Ato

m  
Chain Name Number Atom 

 
Distance/Å 

Possible 

Bond 

Type 

B No SSE ARG 86  CB  
 

B MLT 3102  O5 
 

3.82 
van der 

Waals 

B No SSE ARG 86  CG  
 

B MLT 3102  O5 
 

3.41 
van der 

Waals 

B No SSE ARG 86  CD  
 

B MLT 3102  O5 
 

3.64 
van der 

Waals 

B No SSE ARG 86  NE  
 

B MLT 3102  C4 
 

3.6 H.Bond 

B No SSE ARG 86  NE  
 

B MLT 3102  O4 
 

3.56 H.Bond 

B No SSE ARG 86  NE  
 

B MLT 3102  O5 
 

2.82 H.Bond 

B No SSE ARG 86  CZ  
 

B MLT 3102  O4 
 

3.64 
van der 

Waals 

B No SSE ARG 86  CZ  
 

B MLT 3102  O5 
 

3.69 
van der 

Waals 

B No SSE ARG 86  NH2 
 

B MLT 3102  C4 
 

3.67 H.Bond 

B No SSE ARG 86  NH2 
 

B MLT 3102  O4 
 

2.84 H.Bond 

B No SSE ARG 86  NH2 
 

B MLT 3102  O5 
 

3.68 H.Bond 

B 91-94 H: 5 ARG 92  CD  
 

B MLT 3102  O3 
 

3.76 
van der 

Waals 

B 91-94 H: 5 ARG 92  NE  
 

B MLT 3102  C2 
 

3.92 H.Bond 

B 91-94 H: 5 ARG 92  NE  
 

B MLT 3102  O3 
 

2.72 H.Bond 

B 91-94 H: 5 ARG 92  NE  
 

B MLT 3102  C4 
 

3.85 H.Bond 

B 91-94 H: 5 ARG 92  NE  
 

B MLT 3102  O4 
 

3.76 H.Bond 

B 91-94 H: 5 ARG 92  CZ  
 

B MLT 3102  O1 
 

3.9 
van der 

Waals 
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B 91-94 H: 5 ARG 92  CZ  
 

B MLT 3102  O3 
 

3.46 
van der 

Waals 

B 91-94 H: 5 ARG 92  CZ  
 

B MLT 3102  O4 
 

3.69 
van der 

Waals 

B 91-94 H: 5 ARG 92  NH2 
 

B MLT 3102  C1 
 

3.58 H.Bond 

B 91-94 H: 5 ARG 92  NH2 
 

B MLT 3102  O1 
 

2.86 H.Bond 

B 91-94 H: 5 ARG 92  NH2 
 

B MLT 3102  O3 
 

3.34 H.Bond 

B 91-94 H: 5 ARG 92  NH2 
 

B MLT 3102  O4 
 

3.32 H.Bond 

B No SSE ASN 124  CG  
 

B MLT 3102  O3 
 

3.86 
van der 

Waals 

B No SSE ASN 124  OD1 
 

B MLT 3102  O3 
 

3.94 H.Bond 

B No SSE ASN 124  ND2 
 

B MLT 3102  C2 
 

3.59 H.Bond 

B No SSE ASN 124  ND2 
 

B MLT 3102  O3 
 

2.99 H.Bond 

B No SSE ASN 124  ND2 
 

B MLT 3102  C3 
 

3.55 H.Bond 

B 152-168 H: 1 ARG 158  CZ  
 

B MLT 3102  O1 
 

3.63 
van der 

Waals 

B 152-168 H: 1 ARG 158  CZ  
 

B MLT 3102  O2 
 

3.7 
van der 

Waals 

B 152-168 H: 1 ARG 158  NH1 
 

B MLT 3102  C1 
 

3.48 H.Bond 

B 152-168 H: 1 ARG 158  NH1 
 

B MLT 3102  O1 
 

2.75 H.Bond 

B 152-168 H: 1 ARG 158  NH1 
 

B MLT 3102  O2 
 

3.59 H.Bond 

B 152-168 H: 1 ARG 158  NH2 
 

B MLT 3102  C1 
 

3.64 H.Bond 

B 152-168 H: 1 ARG 158  NH2 
 

B MLT 3102  O1 
 

3.64 H.Bond 

B 152-168 H: 1 ARG 158  NH2 
 

B MLT 3102  O2 
 

2.93 H.Bond 

B No SSE HIS 182  CD2 
 

B MLT 3102  O3 
 

3.47 
van der 

Waals 

B No SSE HIS 182  CE1 
 

B MLT 3102  O1 
 

3.51 
van der 

Waals 

B No SSE HIS 182  CE1 
 

B MLT 3102  O3 
 

3.69 
van der 

Waals 

B No SSE HIS 182  NE2 
 

B MLT 3102  C1 
 

3.91 H.Bond 

B No SSE HIS 182  NE2 
 

B MLT 3102  O1 
 

3.44 H.Bond 

B No SSE HIS 182  NE2 
 

B MLT 3102  C2 
 

3.51 H.Bond 

B No SSE HIS 182  NE2 
 

B MLT 3102  O3 
 

2.69 H.Bond 
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B 
201-224 H: 

1 
GLY 216  CA  

 
B MLT 3102  C1 

 
3.84 

van der 

Waals 

B 
201-224 H: 

1 
GLY 216  CA  

 
B MLT 3102  O1 

 
3.67 

van der 

Waals 

B 
201-224 H: 

1 
GLY 216  CA  

 
B MLT 3102  O2 

 
3.42 

van der 

Waals 

B 
201-224 H: 

1 
GLY 216  CA  

 
B MLT 3102  O4 

 
3.41 

van der 

Waals 

B 
201-224 H: 

1 
GLY 216  C  

 
B MLT 3102  O4 

 
3.55 

van der 

Waals 

B 
201-224 H: 

1 
GLY 216  O  

 
B MLT 3102  O4 

 
3.63 H.Bond 

B No SSE SER 228  CB  
 

B MLT 3102  O5 
 

3.97 
van der 

Waals 

B No SSE ALA 229  CB  
 

B MLT 3102  O2 
 

3.77 
van der 

Waals 

B Water HOH 3405  O  
 

B MLT 3102  C3 
 

3.48 
van der 

Waals 

B Water HOH 3405  O  
 

B MLT 3102  C4 
 

3.41 
van der 

Waals 

B Water HOH 3405  O  
 

B MLT 3102  O5 
 

2.57 H.Bond 

B Water HOH 3432  O  
 

B MLT 3102  O1 
 

3.87 H.Bond 

B Water HOH 3528  O  
 

B MLT 3102  C1 
 

3.65 
van der 

Waals 

B Water HOH 3528  O  
 

B MLT 3102  O2 
 

2.51 H.Bond 

B Water HOH 3528  O  
 

B MLT 3102  C3 
 

3.72 
van der 

Waals 

B Water HOH 3528  O  
 

B MLT 3102  C4 
 

3.59 
van der 

Waals 

B Water HOH 3528  O  
 

B MLT 3102  O4 
 

3.28 H.Bond 

 

Note: The rest of binding details are stored in the Flat-Files database and in the online version 

of the database. 

 

 


