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LACTOFERRIN: ANALYSIS OF THE STRUCTURE PROFILE
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Abstract. The multitude of physiological processes in which the binding of iron ions takes part makes its mechanism 
worth investigating. The multiple sequence alignment method was applied to investigate the structure similarities of 
fi ve lactoferrin X-ray crystallographic structures and outline the differences and similarities between lactoferrin and 
serum transferrin. The results of this study provide useful insights into the mechanism of iron-binding of lactoferrin 
protein molecule.
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Introduction
Intracellular iron plays an essential role in different physiological reactions such as metabolic oxidation/

reduction reactions or building highly selective biological catalysts – enzymes [1]. Unbounded iron ions could initiate 
a multitude of deleterious processes in biological systems [2], therefore, cells have developed various systems for iron 
acquisition and intracellular transport. A common toolkit for iron transport is represented by the family of transferrin. 
The primarily role of this protein family is to control the level of free iron ions in the body, protecting it from possible 
damages which free iron ions could initiate. 

Lactoferrin is a protein that belongs to the family of transferrin. This protein also referred as lactotransferrin, 
originally was isolated from milk and later it was found in biological fl uids such as blood plasma, tears, saliva, pancreatic 
juice, bile. In blood plasma lactoferrin derives from specifi c granules of neutrophils but there are evidences that it might 
be produced by other cells and even microorganisms [3]. 
Structure of lactoferrin

Lactoferrin is a non-haem iron-binding glycosylated protein with a molecular mass of about 80 kDa. Its 
polypeptide chain consists of about 600-700 amino acid residues. The number of amino acids in the protein structure 
varies depending on the origin of the molecule. The structure of a lactoferrin molecule is composed of α-helix and 
β-sheets which are presented in Figure 1 as ribbons and arrows, respectively.

The protein structure is divided in two lobes, referred as N- and C- lobes which are connected by a 3-turn-helix 
structure (see Figure1). Both protein lobes share a degree of similarity of about 40% [4]. Each lobe contains an iron-
binding site consisting of an aspartic acid, a histidine and two tyrosine residues (Figure 2). Iron coordination in each 
protein cleft is fi nished through a carbonate / bicarbonate ion.

Figure 1. Structure representation of diferric human lactoferrin (1B0L Protein Data Bank code). 
The protein is presented in ribbon and ferric ions are presented as van der Waals spheres.
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Figure 2. Graphical representation of the active iron-binding site of the N-lobe of human lactoferrin 
(1B0L Protein Data Bank code).

Table 1 presents the bond lengths of ferric ion to coordinated ligands measured on the basis of the X-ray 
crystallographic structure fi le of human lactoferrin (1B0L entry).

Even though subsequent studies have shown that lactoferrin molecule is capable of binding other metal ions 
its affi nity for iron ions is greater in comparison to serum transferrin [5-6]. The primary biological role of lactoferrin 
is to bind iron in physiological fl uids, but there is no evidence of transport function that is characteristic to the other 
members of the transferrin family. This indicates on the existence of a different mechanism of iron-binding. The process 
of iron binding and release from lactoferrin molecule depends on its molecular properties and on the location where 
it is expressed. To help gain more insights into the process of iron uptake, it is important to investigate the structure 
similarities of lactoferrin molecules isolated from different species (see Table 2) and outline the structure differences and 
similarities between lactoferrin [7] and serum transferrin [12].

Table 1
The bond lengths (Å) of Fe(III) to coordinated ligands in human lactoferrin.

Bond N lobe C lobe
Fe-O:Asp60 (Asp395) 2.146 2.008
Fe-O:Tyr92 (Tyr435) 2.035 2.004

Fe-O:Tyr192 (Tyr 528) 1.817 1.848
Fe-N:His253 (His597) 2.087 2.194

Fe-O1:CO3
2-695(CO3

2-696) 2.007 2.286

Fe-O2:CO3
2-695(CO3

2-696) 2.138 2.010

Materials and methods
Multiple sequence alignment (MSA) method is used in sequence and structural assessment of sets of 

macromolecular biological molecules which have a common evolutionary relationship. The sequence assessment is 
performed using sequence alignment analysis, which makes use of the sequence information from the protein structure 
to perform the alignment of the protein molecules and for the evaluation of their degree of similarity. When making 
a sequence alignment it should also considered the structural information. The effect of the substitution of an amino 
acid sometimes within the sequence can cause substantial effects of the function of the protein. Therefore, for a correct 
alignment, structural information should also be used. The structural assessment is performed using the structure 
alignment analysis. The output of the implementation of this method offers the possibility to build an accurate profi le 
for structurally related proteins.

The multiple sequence alignment method was applied to investigate the structure similarities and differences of 
fi ve lactoferrin X-ray crystallographic structures and outline the differences between lactoferrin and serum transferrin. 
The coordinate fi les of the investigated proteins were downloaded from Protein Data Bank (PDB) [13]. The PDB codes 
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are listed in Table 2. Visual Molecular Dynamics (VMD) software [14] was used for all graphical representations. The 
analysis was performed using MultiSeq 2.0, a unifi ed analysis environment, included in the VMD. Multiseq 2.0 was 
developed for the analysis of sequence and structure of proteins and nucleic acids [15]. For the structural data, proteins 
were aligned using STAMP [16] plug-in and for sequence data, proteins were aligned using ClustalW [17] plug-in. 
As a result of the implementation of the algorithms include in STAMP and ClustalW plug-ins the following set of 
parameters was computed for each protein structure: Qres (structure similarity per residue), QH (structural homology), 
Percent Identity and RMSD (root mean square deviation). The computed values for these parameters will differ as a 
result of a different alignment algorithm applied to the same set of proteins. Therefore these parameters can be used to 
assess the quality of the alignment and common similarities of the analyzed proteins.

Qres is the parameter used to measure the structural similarity of each residue in a set of aligned structures by 
measuring the backbone carbon distances between a residue and all other residues in the protein, excluding nearest 
neighbors, to the corresponding distances in a given set of proteins.
In the MultiSeq 2.0 this parameter is defi ned by the following formula:

2
ij2

m
j'i'rn

ijr
exp

residue

1)ii,1,i(j

proteins

n)(m

n)(i,
resQ                                                                                                 (1)

where: n)(i,
resQ  is the structural similarity of the nth amino acid residue in the nth  protein; 

n
ijr  is the CC distance between residues i  and j  in protein n;

m
j'i'r  is the CC  distance between residues i′ and j′ in protein to that correspond to residues i and j  in 

protein n ; 
15.0ji2
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1
resseq kN1N  is the normalization, with seqN - the number of proteins in the set and resN - the 

number of amino acid residues in protein n , and 3k   except when the residue i  is the N or C-terminus of 
the protein, in this case 2k   [15].

QH measures the homology of two structures by summing the similarity of all residues (Qres) and adds a term for each 
gap (structural deviation) in the alignment, its mathematical expression is presented elsewhere [18]. Percent Identity 
parameter is derived from the QH. Q values range from 0 to 1, for Q=1 the proteins are identical. RMSD measures the 
distances in angstroms between the atoms C of two aligned residues and indicates how well two structures were aligned 
[15].

Table 2
The PDB code of the X-ray structure fi les of the proteins used for this study.

PDB code Description Reference
1B0L Diferric human lactoferrin [7]
1BIY Diferric buffalo lactoferrin [8]
1BLF Diferric bovine lactoferrin [9]
1I6B Diferric equine lactoferrin [10]
1I6Q Diferric camel lactoferrin [11]
3QYT Diferric human transferrin [12]

Results and discussion
Conservation of lactoferrin across the species

The goal of this study was to detect the common similarities of several lactoferrin protein molecules from the 
alignments of their structures and sequences. A simple structure inspection in the VMD showed that in all fi ve lactoferrin 
structures iron is bounded to the same four amino acid residues (Figure 2) and one carbonate ion. Each lactoferrin 
molecule consists of 689 amino acids, except human lactoferrin, which is composed of 691 amino acids.

Representation of the multiple sequence alignment of bovine, buffalo, equine and camel lactoferrin colored by 
sequence identity is depicted in Figure 3. 
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Figure 3. Representation of the multiple sequence alignment of the fi ve studied lactoferrins 
colored by sequence identity. Variable residues are highlighted in grey.
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The structure and sequence and identity parameters for the fi ve studied lactoferrins structures were computed 
with respect to the structure of human lactoferrin and results of this study are presented in Table 3 and Table 4.

Parameters computed from the structural alignment show that overall the structure of lactoferrin is highly 
conserved across all species investigated in this study. Only in the case of camel lactoferrin the structural homology 
parameter is lower in comparison to the rest of proteins, QH is 0.3869 and the Percent Identity is 30.60%. 

Table 3
Structural alignment parameters computed for the studied lactoferrin structures.

Buffalo lactoferrin Bovine lactoferrin Equine lactoferrin Camel lactoferrin
QH 0.8393 0.8160 0.8688 0.3869

RMSD (Å) 1.5354 1.8106 1.2773 1.6093
Percent Identity (%) 69.35 68.88 74.31 30.60

Table 4
Sequence alignment parameters computed for the studied lactoferrin structures.

Buffalo lactoferrin Bovine lactoferrin Equine lactoferrin Camel lactoferrin
QH 0.8356 0.8154 0.8634 0.4503

RMSD (Å) 1.6093 1.8616 1.1414 12.6343
Percent Identity (%) 70.19 69.61 74.96 73.81

The sequence alignment analysis showing that camel lactoferrin differs from the other structures not only 
chemically but also the arrangement of the residues in the protein structure differs a lot more (RMSD=12.6343). Figure 
4 presents the plot of structure similarity (Qres) per residue of the human lactoferrin and camel lactoferrin, computed from 
the sequence alignment. Even though the Qres values of both lactoferrins differ, the general pattern presented in Figure 4 
is similar in both cases indicating a common structure profi le.

Figure 4. Plot of the structural similarity computed from the sequence alignment of each residue of the 
human lactoferrin (black) and camel lactoferrin (light grey).

Structural comparison of human serum transferrin and human lactoferrin molecules
Human serum transferrin and human lactoferrin are members of the transferrin family. These proteins are 

known for their ability of binding iron, although serum transferrin is also responsible for the iron transportation. 
Both proteins share a similar architecture, with a structure consisting of two lobes (N and C) attached by a linker 
region. In both proteins an iron ion is bounded to an aspartic acid, two tyrosine, a histidine residues and a carbonate 
or bicarbonate ion. Although these two proteins share many similarities, there are some structural differences that may 
infl uence the mechanism of iron-binding. The most prominent structural difference between these two proteins is the 
linker region between the two lobes. The lactoferrin linker is an uncompleted α-helix structure whilst the transferrin 
linker is represented by an unstructured residue conformation (see Figure 5). Experimental studies [19] have shown that 
iron-binding process is pH-dependent, meaning that iron will bind to the protein only when the key-residues from the 
protein structure will have a certain protonation state. For example, in case of transferrin iron-binding is triggered by two 
lysine residues which are localized in the vicinity of the active site of the N lobe of protein. In acidic medium these two 
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lysine residues will become charged which will lead to repulsion and forcing the opening of the N lobe of transferrin, 
this mechanism is known as dilysine trigger. In the lactoferrin structure this mechanism is absent due to the fact that the 
fi rst lysine is replaced by an arginine residue. The multiple sequence alignment was applied to investigate the degree of 
similarity between the structures of human lactoferrin and human serum transferrin. Results of this study are presented 
in Figure 6 and Table 5.

(a) (b)
Figure 5. Graphical representation of the linker region in the structure 

of human lactoferrin (a) and human serum transferrin (b).

Figure 6. Representation of the multiple sequence alignment of the 
human lactoferrin (1B0L pdb) and human serum transferrin (3QYT pdb). 

Variable residues are highlighted.
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Structure alignment parameters indicate a visible structural similarity between proteins, and that 41.90% of 
residues from the structure are identical in both proteins. The sequence alignment parameters present a different picture. 
The RMSD value of 6.8932 Å, computed from the sequence alignment indicates that the structures of both proteins 
aren’t well aligned and therefore the sequences of these two proteins differ, although the structural homology, QH, is 
approximately 0.5 and a Percent Identity of 60.49%.

Table 5
Structure and sequence alignment parameters computed for the human lactoferrin 

and human serum transferrin structures.
QH RMSD (Å) Percent Identity (%)

Structure alignment analysis 0.5251 3.2254 41.90
Sequence alignment analysis 0.5501 6.8932 60.49

Conclusions
The multiple sequence alignment method was applied to investigate the structure similarities of fi ve lactoferrin 

X-ray crystallographic structures and outline the differences between lactoferrin and serum transferrin.
Given the obtained results, it can be concluded that overall the structure of lactoferrin is highly conserved 

across all species investigated in this study. It was identifi ed that only camel lactoferrin structurally differs from other 
lactoferrins. General pattern of camel lactoferrin is similar to the other four structures, pointing on a common structure 
profi le.

Comparison of the structure human lactoferrin and human serum transferrin has revealed some insights into the 
architecture of these two proteins. Structure alignment parameters indicate a visible structural similarity between proteins; 
both proteins share a similar architecture. Structural differences of human lactoferrin and human serum transferrin were 
assessed using the sequence alignment analysis. Sequence differences are dictated by nucleotide sequence of their genes 
pointing onto the existence of differences in the three-dimensional structure that determines the proteins activity.

Results of this study increase our understanding of the structural profi le of lactoferrin protein and provide useful 
insights into the iron-binding process. 
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