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1. INTRODUCTION 

Iron (Fe) is an important trace element which 
plays a major role in production of RBC 
(haemopoiesis), transport of oxygen [1], production 
of enzymes, amino acids, hormones and also in 

proper functioning of immune system [2]. Fe present 
in myoglobin helps in proper storage & diffusion of 
oxygen into muscle cells [1]. It also helps in many of 
the crucial functions like conversion of sugar to 
energy, electron transport chain, DNA synthesis and 
redox reactions [1, 2, 3, and 4]. Fe imbalance may 
lead to various neurodegenerative diseases like 
Alzheimer’s disease, Parkinson’s disease, epilepsy, 
and multiple sclerosis and very commonly anemia. 
Hence, iron homeostasis should be highly organized 
with proper uptake of iron from diet, controlled 
transport across biological membranes by iron 
chaperones, distribution of iron throughout the body 
and finally detoxification and also excretion from the 
body. 

During bacterial infection, free iron is retained in 
the body by iron withholding trigger mechanism 
stimulated by the immune system. This prevents the 
utilization of free iron by the bacteria for its survival. 
Bacteria also produce an iron binding molecules 
called siderophores, which also aids in iron 
absorption. Individuals with increased iron content 
are more prone to bacterial infections. As a 
defensive mechanism to combat this condition, 
hepcidin is produced to induce anti inflammatory 
functions in humans [5]. 

Iron deficiency in human is also referred as 
sideropenia or hypoferremia. In this disorder, 
storage of iron is depleted and the level of 
hemoglobin in the blood is also reduced. Children 
and premenopausal women are prone to this 
disease. The main causes of iron deficiency are 
chronic bleeding, inadequate intake of substance 
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that interferes iron absorption, malabsorption 
syndrome, blood donation and inflammation due to 
bacterial growth.Iron deficiency can be controlled 
withappropriate dietary supplements [6].In general, 
oral drugs that contain iron in form of ferrous sulfate 
isadministered to sideropenia patients [7]. 

The two main reasons of iron overloading or 
hemochromatosis are blood transfusion and 
mutationsin HFE gene (High Fe). Iron 
overloadingleads to conditions like diabetes mellitus, 
irregular heartbeat, arthritis, liver cancer, 
depression, hypothyroidism, hypogonadism, gall 
bladder disease and many neurodegenerative 
diseases [8].Iron chelators are used for treatment 
ofiron overload. Desferrioxamine, ferric chrome, 
paraphernalia are some of the iron chelators used 
for the treatment. But these chelators are poorly 
absorbed in the gastrointestinal tract and many of 
them also exhibit non-specificity to iron [8]. 
Moreover, these chelators also produce many side 
effects. Iron quenching through peptide chelators 
shall prove to be biologically safe therapy. Hence, in 
this study we propose a conserved sequence and 
structurebased insilico method which shall provide 
insights towards the design of potential Iron 
chelating sequences. 

2. MATERIALS METHODS 

The sequence data of different iron binding 
proteins from human were obtained from UniProtKB 
database (www.uniprot.org). Totally, 149 sequences 
were found as "iron binding proteins in Homo 
sapiens" as per UniProtKB test entry at the time of 
search. All these proteins collected were found to be 
involved in iron metabolism.  However, only 107 
proteins out of 149 were found to have direct iron 
binding function and were further used for the 
study. Finally, the conserved iron binding patterns 
were identified by adopting the protocol as 
implemented by Mathangi et al., 2012 in case of 
copper binding proteins [9]. 

The 107 iron binding proteins were further 
classified based on their respective molecular 
functions as per gene ontology predictions, which 
fall into 4 major known categories namely, enzymes, 
electron transport system, metal ion binding region, 
transporter proteins and an unknown category 
(unknown function). Further, the major known 
categories were classified based on Enzyme type 

using EC number which resulted sorting in 6 enzyme 
class namely, oxidoreductases, transferases, 
hydrolases, lyases, isomerases and ligases. Further 
both the enzymatic and non-enzymatic proteins 
were classified into major categories based on 
cellular localization in human [10]. 

Multiple sequence alignment of all 107 iron 
binding proteins was performed and the 
dendrogram based on neighbor-joining method was 
generated using ClustalW 
[http://www.genome.jp/tools/clustalw]. Further, the 
sequences were classified based on the Clade 
formation. The sequences of each clade were 
separately subjected to multiple sequence alignment 
using MEGA and ClustalW software. Finally, the 
conserved regions specific to each clade were 
identified corresponding iron binding patterns were 
design and were subsequently validated for iron 
binding property by PRATTdatabase[11]and GOmotif 
database [12].The patterns were verified using GO 
motif database to get information on Gene Ontology 
(molecular function, biological process, cellular 
components)[12]. 

The 3D structure of iron binding proteins co-
crystallized with iron were retrieved from Protein 
Data Bank to identify key interacting residues and 
also to explore the various chemical bonding 
patterns of iron binding  proteins with different 
oxidation forms of iron at the time of search[13]. 
The Iron binding cavities of these proteins were 
analyzed using Ligplus software plugin [14] installed 
in PyMOL [15]. 

3. RESULTS 

In this study we attempted to classify the iron 
binding proteins based on the documented protocol 
as implemented by our group in case of copper 

 
 
Figure.1. Distribution of different categories of 

iron binding proteins based on molecular 
function 
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binding proteins [9]. Totally 107 iron binding 
proteins were obtained from UniProtKB and were 
grouped into 5 major categories based on their 
molecular function. The 107 iron binding proteins 
are classified as enzymes, electron transport system, 
metal ion binding region, transporter proteins and 
proteins with unknown classification as shown in 
[Fig.1]. 

3.1 ENZYME BASED CLASSIFICATION 

The enzymes identified in this study were further 
sorted into six classes namely, oxidoreductases, 
transferases, hydrolases, lyases, isomerases 
andligases based on the Enzyme commission 
number [Fig. 2]. 

3.2 PROTEIN LOCALIZATION BASED 
CLASSIFICATION 

Identification of sub-cellular localization of iron 
binding proteins will be helpful in understanding the 
key features like nature of solvent in which the 
protein is located, overall charge of the protein, 
metabolic pathways involved etc. Iron binding 
proteins in this study were found to be localized in 
mitochondria, cytoplasm, nucleus and endoplasmic 
reticulum as shown in [Fig.3]. 

3. 3 CONSTRUCTION OF PHYLOGENETIC TREE 

Phylogenetic tree was constructed using the 107 
iron binding proteins and the similar proteins were 
grouped together in a single internode. Default 
parameters for Unweighted Pair Group Mean 
Averagemethod in ClustalWwas used for the 

construction of phylogenetic tree.  The different iron 
binding groups among the 107 proteins were sub-
classified based on the clade formation. 

3.4 IDENTIFICATION OF IRON BINDING MOTIF 

Based on the sub-classified clades with proper 
topology,6 different iron binding motifs were 
identified. This was done by multiple sequence 

TABLE. 1. PATTERN DETAILS OF IRON BINDING 
PROTEINS 

 
 

S.No 

 
 

Pattern 
identified 

Number of 
sequence 
obtained 

from 
GOmotif 
database 

Number of 
sequence 
obtained 

from 
PRATT 

database 

Classifi-
cation 

 
1 

 
PFSXGX 
RXCXG 

 
29 

 
29 

Cyto-
chrome 
protein 

 
2 

 
DGX(13)GP 

 
174 

 
187 

Iron 
sulfur 
cluster 
protein 

 
3 

 
DXHX(26)D 

 
478 

 
524 

Heme 
protein 

 
4 

 
HXDX(7)Y 

 
320 

 
400 

Iron 
sulfur 
cluster 
protein 

 
5 

 
WXXAXRCX

G 

 
4 

 
6 

Others 

 
6 

 
DXHX(64)D 

 
494 

 
538 

Others 

 

 

 
 

Figure. 2. Distribution of different iron binding 
proteins based on enzyme type. 

 

 

 
Figure. 3. Distribution of various localization of                            

selected iron binding proteins. 
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alignment of proteins among the individual cluster 
followed by identification of conserved residues in 
the alignment pertaining to iron binding activity.  

3.5 PATTERNDESIGN & VALIDATION 

The identified motifs werefurther analyzed for 
regular expressions and consensus patterns were 
obtained and tabulated [Table.1]. Further, the 
designed patterns were searched against different 
pattern database using GOMotif and PRATT. This 
identified all the proteins which were used to derive 
these patterns and is suggestive of the predictive 
accuracy. Earlier studies revealed that the heme 
binding motif for bacteria, plant and mammalian 
cytochrome proteinsshare a common pattern which 
was also observed synonymously in this work [16]. 
Moreover, we also identified few novel sequence 
patterns which shall possess iron binding activity. 
Each pattern identified was named based on the 
respective phylogeny lineage it represents. 

3.7 STRUCTURAL STUDY OF HUMAN IRON 
BINDING PROTEIN 

Iron exist in different protonation states in 
human body like Fe(III), Fe(II). It also coexists in 
combination with other atoms, molecules or 
compounds (i.e.) it can combine with porphyrin rings 
to form heme and also it can combine with sulfur to 
form iron sulfur cluster. In this study, 220 iron 
containingatomic coordinate structure files were 
retrieved from Protein Data Bank by text mining 
using “iron” as keyword at the time of search. The 
retrieved structures were further classified into 4 
major types as heme binding proteins[Heme], iron 
sulfur cluster proteins[FeS], ferrous binding 
proteins[Fe(II)] and ferric binding proteins[Fe(III)] 
based on protonation states and iron coexistence 
[Fig 4].  Iron forms interactwith other molecules 

through hydrogen bonds, coordinate covalent bonds 
and hydrophobic bonds. In general, Cys, His, Asp, 
Tyr, Ser, Gln and Arg are the amino acid residues 

 
 

Figure.4. Pdb files available for different iron 
protonation state. 

 

     
 

Figure. 5a. Residues forming hydrogen bond 
with different forms of iron. 

 

 

Figure.5b.Residues forming coordinate covalent 
bond with iron. 

 
 

 

 
 

Figure. 5c. Residues forming hydrophobic 
interaction with iron. 
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that plays a vital role in interaction of iron with its 
interacting proteins [17]. Hence, the structures used 
in this study were analyzed for the bonding nature, 
protonation states of iron and the data is graphically 
represented in Fig 5a, 5b & 5c. Similarly, the key iron 
interacting residues of each protonation state were 
analyzed and represented in Fig 6a, 6b, 6c & 6d. In 
table 2 and table 3, the set of key interacting 
residues present in the binding pocket of Fe (III) and 
Fe (II) binding proteins were illustrated. 

4. DISCUSSION 

By this study, we have attempted to classify iron 
binding proteins based on the molecular function 
which inferred that majority of these proteins to be 
enzymes (49%). Furthermore, only few proteins fall 
under the category of iron transporters (6%) and 
proteins involved in electron transport system (11%). 
Few other proteins were classified as proteins of 
unknown function as per gene ontology 
classification. In the Enzyme category, 52 iron 
binding enzymes were classified further classified 
into 6 classes using their respective EC number. 
Most of these enzymes were Oxidoreductases which 
catalyze redox reactions. None of the iron binding 
enzymes fall under the category of Isomerases. 
Many of the iron binding enzymes were found to be 
localized in mitochondria and cytoplasm, as per the 
sub-cellular localization prediction. However, few of 
these enzymes were also predicted to span in 
membrane, nucleolus and extracellular region. 

Phylogenetic analysis of 107 iron binding proteins 
revealed the formation 32 clades in the dendrogram. 
6 clades with proper topology were used for 
generating sequence patterns. Finally, six significant 
patterns were designed: PFSXGXRXCXG for 
cytochrome proteins, DGX(13)GP for iron sulfur 
cluster proteins, DXHX(26)D for Serine/threonine-
protein phosphatase, HXDX(7)Y for lysine specific 
demethylase family, WXXAXRCXG for nitric oxide 
synthase proteins and DXHX(64)D for Egl homologs. 
These designed sequence patterns were validated 
using the GOmotif and PRATT search tools. Further, 
the search results of PRATT and GOmotif were 
analyzed for the occurrence of the sequences which 
were utilized to design the respective patterns. 
Moreover, other novel proteins retrieved through 

 

Figure. 6a. Interaction of iron binding residues 
with Fe (II) binding proteins 

 
 

 

 
 

Figure. 6b. Interaction of iron binding 
residueswith Fe (III) binding proteins 

 

 
 

Figure. 6c. Interaction of iron binding 
residues with Fe-S binding proteins 

 

 
Figure. 6d. Interaction of iron binding 
residues with heme binding proteins 
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this search were analyzed for similar iron binding 
activity which yielded promising results. 

The structural analysis of iron binding proteins 
involved a detailed study of the hydrogen bonding 
pattern, covalent coordinate bond formation and 
hydrophobic bond in the iron binding cavity. A 
hydrogen bond is a type of attractive (dipole-dipole) 
interaction between an electronegative atom and a 
hydrogenatombonded to another electronegative 
atom. Hydrogen bond in iron binding protein helps 
in the interaction of dioxygen to iron. Generally, 
hydrogen bondsare stronger than Vander Waals 
forces, but weaker than covalent bonds or ionic 
bonds.As per this study, Cys, Asp, Gln and Argin iron 
binding cavities were found to contribute more 
towards hydrogen bonding with iron. Cyswas found 
to be major contributor for hydrogen bonding in 
case of iron binding cavities of iron sulfur cluster 
proteins. Arg was found to be the major hydrogen 
bond contributors in heme shown in [Fig.5a]. 

The coordinate covalent interactions are 
essential for the iron-protein interactions. In general, 
His in all of its protonation statescontributes 
towards coordinate covalent interactions with 
iron.However, in case of iron sulfur cluster proteins 
Cys residues are the only contributor of coordinate 
covalent bond with iron. Moreover, Ferrous and 
Ferric states of iron were found to form coordinated 
covalent bonds with proteins through Asp andGlu as 
shown in [Fig.5b].  

Hydrophobic bonds in iron binding proteins play 
an important role in stabilizing the interactions 
between iron and the protein. In this study, 
hydrophobic interactions were mainly observed in 
heme binding and iron sulfur cluster proteins. Phe, 
Val, Leu, Ala and Glyresidues of heme binding 
proteins form hydrophobic bonds with heme.In case 
of Fe-S cluster, Ser, Arg, Gly and Pro were found to 
confer hydrophobic interaction [Fig.5c]. 

Fe(III) is the bi-cation form of iron which is 
commonly called as ferric form of iron. Normally the 
ferric form of iron is reduced to ferrous form [Fe(II)] 
by enzymatic action of ferric reductase which occurs 
in enterocytes of intestine. Asp, Glu, Tyr and His are 
the fourresidues of iron binding proteinswere found 
to be involved in binding with Fe(III). Among the 
above mentioned residues, His is found to found to 
form Covalent coordinated bonds in majority of the 

Fe(III) binding proteins compared Tyr, Asp and Glu. 
Moreover, no hydrophobic interactions were 
observed [Fig.6a] and also the set of key interacting 
residues in the binding pocket of the Fe(III) binding 
proteins were illustrated in[Table.2] 

Fe(II) is the ferrous form of iron which is 
observed many of iron binding class of human 
proteins. This protonated state of iron is the most 
widely absorbed form of dietary iron. Fe(II) interacts 
with proteins through coordinated covalent bonds 
and hydrogen bonding with His, Asp, Glu, Ile, Tyr 
andAsn residues [Fig.6b]. However, no hydrophobic 
interactions were observed as same as in case of 
Fe(III) binding proteins. The set of key Fe(III) 
interacting residues in the binding pocket of the 
Fe(III) binding proteins were tabulated in the 
[Table.3]. 

TABLE. 2. SET OF KEY RESIDUES PRESENT 
IN THE CAVITY OF Fe(III) BINDING 

PROTEIN 

S.No KEY INTERACTING 
RESIDUES IN THE 

CAVITY 

NO OF PDB 
FILES 

AVAILABLE 

1 Tyr, Tyr, His, Asp 35 

2 Glu, His, His, Asp 15 

3 Glu, Glu, Glu, His, 
Asp 

4 

4 Glu, His, His 4 

5 Asp, His, His 5 

6 Others 20 

 

TABLE. 3. SET OF KEY RESIDUES PRESENT 
IN THE CAVITY OF Fe(II) BINDING 

PROTEINS 

S.No key interacting 
residues in the 
cavity  

NO OF PDB 
FILES 

AVAILABLE 

1 His, His, Asp 27 
2 His, His, Glu 3 
3 His, His, Asp, Glu 6 
4 His, His, Asp, Asp 7 
5 others 13 

 

http://chemistry.about.com/od/chemistryglossary/a/atomdefinition.htm
http://chemistry.about.com/od/elementfacts/a/hydrogen.htm
http://chemistry.about.com/od/elementfacts/a/hydrogen.htm
http://chemistry.about.com/od/chemistryglossary/a/bondsdef.htm
http://chemistry.about.com/od/chemistryglossary/a/vanderwallsfdef.htm
http://chemistry.about.com/od/chemistryglossary/a/vanderwallsfdef.htm
http://chemistry.about.com/od/chemistryglossary/a/covalentbonddef.htm
http://chemistry.about.com/od/chemistryglossary/a/ionicbonddef.htm
http://chemistry.about.com/od/chemistryglossary/a/ionicbonddef.htm
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Ironsulfur cluster proteins exist in different forms 
like Fe-S, Fe2S, Fe2S2 and Fe4S. The key iron and 
sulphur interacting residues observed in iron sulfur 
clusters are Gly, Pro, Ala, Leu, Arg, Cys, Ser, His, 
Asp.Among these residues, only Cys and His were 
found to be involved coordinated covalent bond 
with iron, whilst, other residues were to interact 
exclusively with sulphur atom [Fig.6c]. 

Heme is an iron binding compound which 
interacts to a centered Fe atom through its 4 
porphyrin rings. Gly, Ala, Val, Leu, Arg, Lys, Try, Gln, 
Cys, Thr, His, Phe and Trpresidueswere found to be 
mainlyinvolved heme-protein interactions in case of 
heme binding proteins. Among all the residues 
mentioned above, Hisand Cysform direct 
coordinated covalent bond with Fe atom thereby, 
stabilizing and accommodating the Heme molecule. 
Whereas,  Gly, Ala, Val, Leu and Phe found to 
contribute more towards hydrophobic interactions 
with Heme molecule. Moreover, Arg, Lys, Try, Gln, 
Trp and Thr were found be more involved in the 
formation of hydrogen and hydrophobic bonds with 
heme as shown in [Fig.6d]. 

CONCLUSION 

Iron is one of the important trace elements in the 
human body and it becomes essential to understand 
its role various cellular processes. This outcome of 
this study shall aid in creation ofa knowledge base 
on the sequence patterns and molecular interactions 
observed in binding proteins. The sequence and 
structural patterns designed in this study will be 
significantly help in identifying unreported novel iron 
binding proteins.Moreover, the sequence and 
structural insights explained in this study shall pave 
way for designing of peptides which can be utilized 
for therapeutic interventions in case of disease 
caused due to iron imbalance.  
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