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Micro-Raman spectroscopy was used to studies of naturally occurring biogenic ferritin, synthetic ferritin with
magnetic core (magnetoferritin) as well as their several mimetics. We demonstrate the ability of micro-Raman
spectroscopy to discriminate between ferritin and magnetoferritin used in the studies. The results are promising
for further use of the Raman spectroscopy as potential tool to distinguish between the forms of iron present in

biogenic materials and biological tissues.
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1. Introduction

Discovery of biological magnetite in the human
brain [1] and recent studies indicated that neurodegener-
ative diseases [2] are closely associated with occurrence
of iron Fe?*. The structure, quality and quantity of mag-
netic structures in the brain have not been fully deter-
mined yet and it has not been established if they are
related to the origin of the neurodegenerative diseases or
to their consequences [3, 4]. Ferritin is a protein which
serves as a storage capsule of iron among humans also
inside animals, plants and microbial organisms. The pro-
tein itself (apoferritin) is an almost perfect sphere, with
outer diameter about 12 nm, hollow inside, with 7 to
8 nm inner diameter. The central core of ferritin consists
of iron(IIT) oxyhydroxide known as ferrihydrite. Mann
and co-workers [5] showed that ferritin can be used as a
bioreactor of nanometer size for producing monodisperse
metal or metal oxide particles. Especially magnetic iron
oxide was synthesised inside ferritin to produce so-called
magnetoferritin. Of particular interest is the search for
methods allowing detection and discrimination of mag-
netic material inside ferritin proteins both in wvitro and
in vivo. Very recently we showed that combined mag-
netooptical methods are very useful to discriminate be-
tween ferritin and magnetoferritin [6, 7]. The use of the
Raman spectroscopy (RS) for the detection and diagno-
sis in biomedicine is a growing research field, however
mostly related to oncology (e.g. [8, 9]). It is known that
nonheme iron is present in human body in a wide variety
of forms including nanoscale particles. In this paper we
propose to use RS as a potential tool for future diagnosis
of pathology related to naturally occurred nanoscale iron
biominerals and compounds which are present in human
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organs. The present paper is devoted to the compara-
tive study of the Raman spectra of natural and synthetic
ferritins and their mimetics.

2. Experiment

As naturally occurring biogenic ferritin — horse spleen
ferritin (HSF) obtained from Sigma were used. Synthetic
ferritin with magnetic core (magnetoferritin) were ob-
tained by using apoferritin (Sigma) and suitable chemi-
cal synthesis procedures [10, 11]. As model ferrihydrite—
like mineral parenteral iron formulation (Ferrumlek,
Dexferrum, CosmoFer) and iron-dextran complex com-
mercially obtainable from Sigma (Fe-dextran (S)) were
used. As nanoscale magnetite was used commercially
available suspension of iron oxide nanoparticles coated
by dextran known as Endorem (Guerbet, France) which
is clinically used as MRI contrast agent and was charac-
terized in our paper [12]. The Raman scattering spectra
of nanoparticles were investigated in the spectral range of
150-1000 cm ™! at room temperature. The nonpolarized
Raman spectra were recorded in the backscattering ge-
ometry using inVia Renishaw micro-Raman system. As
an excitation light we used near infrared line of solid state
laser operating at 785 nm. The laser beam was tightly
focused on the sample surface through a Leica 50x LWD
microscope objective (LWD — long working distance)
with numerical aperture (NA) equal to 0.5 leading to a
laser beam diameter about 2 um. To prevent any dam-
ages of the sample an excitation power was fixed at 1 mW.
The inVia Raman spectrometer allowed for recording the
Raman spectra with the spatial resolution of about 1 pm.

The spectral resolution was 1 cm™!.

3. Results and discussion

The details about iron content, size and type of mineral
of the core of studied mimetics may be found in our recent
papers [12, 13]. Briefly XRD patterns of mother liquors
give information about akaganeite (8-FeOOH) and mag-
netite present in the core of all parenteral formulation
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used and Endorem, respectively. The Raman spectra
of iron oxides and oxyhydroxides, HSF and low loaded
magnetoferritin (LLM) are shown in Figs. 1-3. We have
registered spectra of akaganeite nanocrystals using the
iron—-dextran complex (Fe-dextran (S), iron concentra-
tion in mother liquor — ¢ = 100 g/L) and the following
iron formulation: Fe-polymaltose (Ferrumlek — c® =
50 g/L), Fe-dextran (AR) (Dexferrum — ¢ = 50 g/L),
Fe—dextran (Ph) (CosmoFer — cf® = 50 g/L).
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Fig. 1. Raman spectra of akaganeite nanocrystals of
different iron formulation (8-FeOOH), iron - dextran
from Sigma and pure dextran (Dextran T10) as well as
lyophilised CosmoFer (cosmofer).
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Fig. 2. Raman spectra of bulk magnetite, nanoscale

magnetite, LL-magnetoferritin and HSF as well as pure
dextran.

For comparison RS of pure dextran T10 (powder) and
lyophilised form of CosmoFer (cosmofer) is also enclosed
in Fig. 1. It has been known from the literature that
for typical 8-FeOOH oxyhydroxide the observed Raman
bands are at the wavenumber position: 310, 385, 480,
535, 615, 675, 725 cm~! [14, 15]. As seen in Fig. 1
the observed Raman bands after elimination of vibra-
tions related to dextran are at the positions: —307 (Fe-O
symmetric bending), 385 (Fe—O-Fe symmetric stretch-
ing), 533, 619, 725 cm~! (Fe-OH asymmetric stretching)

which are well correlated with 8-FeOOH. Additionally,
some small differences between analysed iron formulation
may be noticed. It needs to be stressed that vibrational
properties of nanoparticles strongly depend on their mor-
phology. It needs to be noted that for lyophilised sam-
ple vibrations related to polysaccharide can be relatively
damped but this procedure does not help much in better
resolving the RS of studied compounds.
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Fig. 3. Room temperature Raman spectra deconvolu-
tion of LL-magnetoferritin — a) and HSF — b).

In Fig. 2 we present comparison of Raman scatter-
ing spectra of bulk magnetite [16], nanoscale magnetite
(cf® = 11 g/L), LLM (* = 0.126 g/L) and HSF
(cf® = 7.1 g/L) as well as pure dextran. Magnetite
has a spinel structure with five Raman bands: three
Ty, symmetry, one E, symmetry and one A;, symme-
try. Maghemite has also a spinel structure and can be
seen as an iron-deficient form of magnetite.

In the spectra of LLM, we can identify bands appear-
ing about 376 cm™! (E,, Fe-O symmetric stretching),
468 ¢cm™! (Tp,, Fe-O asymmetric bending), 640 ¢cm™!
(A1y, Fe—O symmetric stretching) connected with ~-
Fe;03 phase (see Table). It may be noticed that for this
particular magnetoferritin no bands related to magnetite
may be observed (see Table) in agreement with magne-
tooptical results obtained for the same compounds [7].
In the case of the ferritin we recorded bands about 269,
332, 389, 455, 550, 642, 761, 853 and 950 cm~!. Two
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bands about 550 and 642 cm ™! are close to bands which
are also found in LL-magnetoferritin which means that
ferrihydrite-like material may be also present in the LLM
core or some cores may have ferrihydrite-like mineral.
The Raman bands for LLM and HSF are relatively very
weak which is related to much lower Fe amount in com-
parison to Endorem or akaganeite type iron formulation.
A good quality of the Raman spectra depends also on the
laser power used. However, too strong laser beam may
cause phase transition from one to another iron oxide
structure. Good balance should be found in each partic-
ular experiments performed in the future especially when
using p-Raman.

TABLE

Gaussian shaped-Raman modes obtained from deconvo-
lution analysis of the Raman scattering for natural and
synthetic ferritins and their mimetics and pure dextran
with literature date for some iron oxides.

Compound Raman wavenumber [cm™?]
Magnetite [16] 283, 400, 491, 526, 650, 687, 798
Maghemite [17, 18] |365, 376, 472, 511, 640, 700
Magnetoferritin 376, 468, 553, 640,767, 772, 855,
— LLM 950

Ferritin — HSF 269, 332, 389, 455, 550, 642, 761,
853, 950

307, 368, 415, 455, 465, 495, 525,
545, 584, 645, 738, 835, 922
Akaganeite 307, 331, 385, 456, 533, 558, 619,
— iron formulation | 725, 849, 950

Dextran T10 228, 303, 403, 433, 509, 540, 703,
767, 850, 916

Fe;O4 — dextran
— Endorem

In Fig. 3 we present deconvolution of the Raman spec-
tra of LLM and HSF which helps in better resolving con-
tributions related to particular vibrations. In all studied
cases we used Gaussian curve fitting method to obtain
Raman bands from the RS of ferritins and their mimetics
compounds. The results were collected in Table together
with some literature data for iron oxides. As seen from
Fig. 3 and Table there are several bands below 700 cm™*
which are quite at different positions allowing to discrim-
inate between LLM and HSF.

4. Conclusions

All compounds studied show Raman spectra related
to Fe-O frequency (different minerals may be discrim-
inated) however they are strongly masked by protein
or polysaccharide bands. Thus, deconvolution of ob-
tained spectra allows for more precise interpretation of
the Raman spectrum of particular studied compounds
(see Fig. 3 and Table). From presented studies it can
be concluded that ferritin and magnetoferritin Raman
spectra show different features which is promising for dis-
crimination between them in human tissues or fluids. In
general, this method may be potentially useful to observe
change in the structure due to the increase of the tem-
perature or to observe coexistence of different iron oxide
phases in the studied material. Characterization of these

iron oxides phases in human tissues or fluids needs fur-
ther studies.
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