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Abstract. In this work, Fourier transform infrared spectroscopy was used to highlight the structural
differences between the human lactoferrin and human serum transferrin. The results clearly show the
structural differences of human lactoferrin and human serum transferrin. The second derivative analysis
of the FTIR spectra allows the direct identification of secondary structure components of the human

lactoferrin and human serum transferrin.
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Introduction

Fourier transform infrared spectroscopy
(FTIR) is a powerful physicochemical analytical
technique classically used for structure
determination of small molecules. Each molecule
is determined by its unique structure and therefore
it will exhibit a unique FTIR spectrum, containing
the vibrations of its structural bonds. FTIR
analytical applications have allowed the structural
characterization of biological material such as
proteins [1]. There is a considerable amount of
information that can be deduced from the spectral
parameters such as band position, bandwidth and
absorption coefficient, about the structure of
amino acids residues, bound ligands or cofactors
and protein secondary structures [2]. This aspect
confirms that FTIR spectroscopy can be regarded
as a valuable tool for the investigation of proteins.

FTIR spectra of proteins are highly
complex and therefore can be difficult to interpret.
There are two approaches for FTIR spectra
interpretation. The first approach is the
identification of amino acids side-chains
absorption bands. Side-chains provide valuable
information on the molecular reaction mechanism.
This kind of research will help to identify the
catalytically important amino acids residues, their
protonation state, coordination of metal ions, and
will give some insights into the molecular
mechanisms [3]. The second approach of the
FTIR spectroscopic investigations is the analysis
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of secondary structures of the proteins.
FTIR spectra of proteins also contain nine
characteristic IR absorption bands attributed to:
amide A and B (~3300 and ~3070 cm™); amide |
(1690-1600 cm™); amide Il (~1575-1480 cm™);
amide 1l (1301-1229 cm™); amide IV
(767-625 cm™); amide V (800-640 cm™):
amide VI (606-537 cm™); amide VII (200) [1,4].
Of these, the most prominent vibrational bands
are amide | and amide Il. The secondary
structures vibration bands are predominately in
the region of the amide I: a-helix (1654 cm™);
p-sheets (1633, 1684 cm™); S-turns (1672 cm™);
disordered (1654 cm™) [5]. Therefore, mostly the
amide | region is used for the analysis of the
secondary structures. This is done using
mathematical data analysis methods such as
Fourier self-deconvolution (FSD)-curve fitting
[6], derivative and second derivative analysis [7].

The family of transferrins comprises
monomeric glycoproteins with an approximate
molecular mass of 80kDa that share common
biological functions such as iron binding and
transportation. This family of proteins is divided
into five classes: serum transferrin, ovotransferrin,
melanotransferrin, lactoferrin and inhibitor of
carbonic anhydrase [8]. X-ray crystallographic
data available on Protein Data Bank [9] show that
all transferrins consist of a single polypeptide
chain of 600-700 amino acids, which are mostly
organized in a-helix and f-sheets structures. All
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transferrins share similar architecture comprising
two ellipsoidal lobes (N and C) connected via a
short linker region (Figure 1(a) and (b)). Each
lobe is able to bind one Fe(l11) ion [10]. The metal
ion is coordinated by four amino acid side-chains:
a carboxylate from one aspartate residue, two
phenolate oxygen atoms from two tyrosine
residues and one imidazole from one histidine
residue. The coordination is completed by two
oxygen atoms of the carbonate ion (Figure 1(c)).
The most prominent structural difference between
the proteins from the family of transferrins is the
linker region between the two lobes (Figure 1(a)
and (b)). For example, lactoferrin linker is an
uncompleted a-helix structure and the serum
transferrin linker is represented by an unstructured
residue conformation (Figure 1(b)). This
structural difference influences the internal
flexibility of protein. Human serum transferrin
and lactoferrin  share approximately 42%
structural identity [11]. Although these proteins
present overall structural similarities, their
properties slightly differ, e.g. human serum
transferrin releases iron at pH around 5.5 whilst
lactoferrin retains iron until pH 3.0 [10].

Linker

The purpose of this work is to show the
application of FTIR technique for the
identification of structural differences between
human lactoferrin and human serum transferrin,
members of the protein family of transferrins.

Experimental

Iron loaded human lactoferrin and human
serum  transferrin  were purchased from
Sigma-Aldrich.

The FTIR spectra were recorded in the
400-4000 cm™ range at room temperature using a
Perkin Elmer IR spectrometer (Institute of
Chemistry of Academy of Sciences of Moldova).

Each sample consisted of a quantity of
20 mg of dry powder of lyophilized proteins that
was used for IR measurements without any
further chemical treatment.

A dedicated software Spectrum version
6.2.0.0055 (2007) was used for spectral data
treatment and baseline correction against
the air. Further, mathematical analysis was
performed using OriginPro 8 data analysis and
graphing software.

Linker

Figure 1. Graphical representation of the studied proteins. The overall structure of human lactoferrin (a)
(PDB entry 1BOL [12]) and human serum transferrin (PDB entry 3QYT [13]) (b) molecules showing an
overall similar conformation. The close-up view shows the iron-binding sites in the N-lobe of human
lactoferrin (c) and C-lobe of human serum transferrin (d).
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Results and discussion

FTIR spectroscopy is an experimental
method used for structural characterization of
peptides and proteins in solutions and in
crystalline phase. This technique is used for the
investigation of secondary structures components
of proteins (a-helix, p-sheets, etc.) and for the
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identification of specific amino acid side chains
that influence the biological role of proteins.
Thus, FTIR spectroscopy was applied for
structural characterization of iron loaded human
lactoferrin and human serum transferrin, the
obtained spectra are presented in Figure 2.
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Figure 2. FTIR spectra of human lactoferrin (a) and human serum transferrin (b).

Amino acids side chains analysis

Biological properties of lactoferrin and
transferrin derive from their structural properties
and their main function of iron uptake. Even
though both proteins are members of the same
family, their biological functions slightly differ,
e.g. the primary biological role of human serum
transferrin is the uptake and transport of iron
whilst lactoferrin  lacks the transportation
role [14]. The high resolution crystallographic
data of lactoferrin and serum transferrin available
on Protein Data Bank show that these proteins
share the same metal and anion binding sites
(Figure 1(c) and (d)), but the second coordination
shell of the iron binding site presents differences.
It was found that the metal ion is released from
the binding pocket of the N-lobe of serum
transferrin ~ through a  “dilysine  trigger
mechanism” with the participation of Lys206 and
Lys296 from the second coordination shell [15].
The binding pocket of the N-lobe of lactoferrin
contains two arginine molecules (Arg201 and
Arg210) instead of the two lysine molecules of
serum transferrin. This particular structural
difference influences the iron binding/release
properties of lactoferrin and transferrin.
Thus, FTIR spectroscopy was applied to the
investigation of amino acids side chains that
influence the biological properties of human
lactoferrin and human serum transferrin.

The main absorption peaks of the amino acids
side chains were identified according to literature
data [2,5,16].

A comparison of the FTIR spectra of
lactoferrin  and serum transferrin  showed
absorption bands associated with histidine,
lysine, phenylalanine, tyrosine, aspartic acid,
tryptophan, serine and threonine. All other amino
acids adsorption bands overlap with the
absorption bands of other amino acids or
polypeptide backbone.

The strong absorption bands observed at
1631 cm® (Figure 2(a)) and 1637 cm™
(Figure 2(b)) that overlap with the absorption
band of amide | were assigned to the stretch
vibration of histidine [2,5].

Aspartic acid has a strong absorption band
near 1402 cm™. The band position shits with
+60/-90 cm™ in the presence of the metal ion.
FTIR spectrum of human lactoferrin contains an
absorption band at 1393 cm™, presenting a
downshift with 9 cm™ from the value reported in
the literature [2,5], whilst the spectrum of human
serum transferrin has a noticeable adsorption band
at 1390 cm™ and a downshifting with 12 cm™,
These observations indicate the involvement of
the carboxyl group of aspartic acid in the
formation of the ionic bond to ferric ion.

Three signals of tyrosine were registered at
1516 cm™, 1236 cm™, 1166 cm™ in the FTIR
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spectrum of human lactoferrin, and 1517 cm?,
1241 cm™, 1167 cm™, in the FTIR spectrum of
human serum transferrin [2,5].

A strong absorption arises at 1067 cm™ in
the FTIR spectrum of human lactoferrin, which
was assigned to N=C or C=C stretch and C-H
deformation vibrations of tryptophan. The side
chains of tryptophan are known for their strong
influence on the antimicrobial activity of
proteins [16]. This experimental observation
confirms that the antimicrobial activity of human
lactoferrin is linked to the tryptophan presence in
its  polypeptide structure. This structural
aspect differentiates the biological activity of
human lactoferrin in comparison to human serum
transferrin.

Another spectral difference consists in the
presence of a prominent signal at 981 cm™ and at
741 cm® in the FTIR spectrum of human
lactoferrin (Figure 2(a)) that were assigned to
serine and threonine, respectively [2,5]. These
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signals are absent in the case of human serum
transferrin (Figure 2(b)). This structural difference
explains the proteolitic activity of human
lactoferrin [17] when comparing to human serum
transferin.

Secondary structures analysis

The amide | region is almost exclusively
used for the secondary structure analysis of
proteins, although the amide Il and amide Il
regions could offer additional information. To
extract the main components, the broad band
between 1680 and 1600 cm™ assigned to amide |
(Figures 2(a) and (b)) was further analyzed using
derivative and second derivative technique, the
resulted spectra are presented in Figure 3.

The main absorption in the amide | region
is given by the a-helices between 1648 and
1657 cm™ [4,5]. This sequence of derivative
spectra reveals that human lactoferrin contains
more a-helix components in  comparison
to human serum transferrin (Figure 3(a) and (b)).
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Figure 3. Mathematical analysis of the amide | region from the FTIR spectra.
Derivative of (a) human serum transferrin and (b) human lactoferrin.
Second derivative of (¢c) human serum transferrin and (d) human lactoferrin.
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This observation is confirmed by the second
derivative spectra (Figure 3(c) and (d)), the
prominent peak at 1652 cm™ observed in the
spectrum of human lactoferrin and a small peak at
1653 cm™ observed in the spectrum of human
serum transferrin.

The bands between 1620 cm™ and
1640 cm™ are assigned to S-components [1,4,5].
Figure 3(c) shows that human serum transferrin
contains predominantly p-sheets structures, with
absorption bands observed at 1637 cm®,
1630 cm™ and 1625 cm™. The second derivative
FTIR spectra of human lactoferrin contains two
prominent bands observed at 1620 cm™ and
1604 cm™ corresponding to a higher content of
aggregated strands in comparison to human serum
transferrin (1612 cm™ and 1605 cm™) [5]. This
important result offers additional explanation
regarding the mobility and hence the reactivity of
human lactoferrin and human serum transferrin.
The results show that FTIR spectroscopy can be
successfully used for the identification of
structural differences in proteins with similar
architecture and biological functions.

Conclusions

FTIR spectroscopy was successfully used
for studying the composition and secondary
structural conformation of proteins. The results
derived from the FTIR spectra highlight the
differences between human lactoferrin and human
serum transferrin.

The strong absorption band at 1067 cm™
identified in the FTIR spectrum of human
lactoferrin  was attributed to vibrations of
tryptophan side-chains that are linked with the
antimicrobial activity of the protein. This
structural aspect differentiates the biological
activity of lactoferrin in comparison to human
transferrin.  Other spectral differences were
observed at 981 cm™ and 741 cm™ in the FTIR
spectrum of human lactoferrin that were assigned
to serine and threonine, respectively. These
signals are absent in the case of human serum
transferrin. This structural difference is related to
the proteolitic activity of human lactoferrin, a
biological function that human serum transferrin
lacks.

The derivative and second derivative
analysis of the amide | band clearly indicates that
human lactoferrin contains predominantly a-helix
components, whilst the human serum transferrin
contains more p-components. This important
result offers additional information with regard to
the mobility and hence the reactivity of human
lactoferrin and human serum transferrin.
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