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Abstract. Possibilities for quantitative determination of the number of iron
atoms in the minera core of ferritin by atomic absorption spectroscopy (AAS)
are investigated in the work. Different measurements with AAS show an iron
content from 1000 up to 4500 atoms per molecule ferritin [1-6]. This motivated
us to investigate the amount of iron in the Horse Spleen Ferritin with atomic
absorption spectroscopy under application of the Bulgarian standard BDS EN
14082/2003 Foodstuffs - Determination of trace elements - Determination of
lead, cadmium, zinc, copper, iron and chromium by atomic absorption spec-
trometry (AAS) after dry ashing.

The obtained results give aprox. 1800 atoms per molecule Ferritin. It isin
accordance with previous results, published by leading researchers [4,5]. The
investigation of the iron content with AAS under the use of the Bulgarian stan-
dard is agood opportunity to study many other objects of biological interest.

PACS number: 87.64.-t

1 Introduction

Ferritins are family of iron storage proteinsin living organisms from bacteriato
human. They play a central role to the natural regulation of iron/oxygen chem-
istry in biology. The ferritins are most commonly found in liver and spleen.
Reversible formation and dissolution of a solid nanomineral-hydrated, iron ox-
ideisthe main function of ferritins, which additionally detoxify excessiron and
reactive oxygen species [7-9]. The Fe is deposited in micellar form in the cen-
tre of the protein shell [6]. This spherical space can be filled up with as many
as 4500 iron atoms, which is equivalent to an iron concentration of ~ 0.25 M.
Iron is stored within the ferritin as an Fe(l11) oxohydroxide structure that con-
tains a so some phosphate and is similar to rust. The overall stoichiometry of the
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iron coreis [FeO(OH)] s[FeO(H2PO,)] [10], which is similar in structure to the
mineral ferrihydrite.

Channels, i.e. pores through which certain ions or molecules can pass the shell
in both directions, are formed at the intersections of the peptide subunits. These
poresare of acrucial importanceto theferritin’sability of releasing or depositing
ironin acontrolled fashion. There are two types of them: four-fold, occurring at
theintersection of four peptide subunits and three-fold, occurring at the intersec-
tion of three peptide subunits. Thetwo kinds of channelshave different chemical
properties, and hence perform different functions. Their size was evaluated to
be about 3-5A [11,12], but can vary upon the intramolecular dynamics of the
subunits with corresponding rearrangement of the quaternary stricture. More-
over, some experimental results, showing differential accessibility for the solute
molecules, support the idea of a“gate” in the pores regulating their opening and
closing [13].

The iron in the ferritin core is stored as insoluble Fe(l11) in a crystalline solid.
Thus, in order for it to be released, the mineral lattice must be dissolved. This
is accomplished by reducing iron from Fe(l11) to Fe(ll). In the Fe(l1) state, iron
becomes soluble as a hydrated Fe>* ion, Fe(H20)§+, and can |leave the protein
via the three-fold channels covered inside with hydrophilic side chain groups.

It is conceivable, that understanding the iron transformation processes managed
by ferritins is of a general significance for many areas in life sciences. Along
with other unresolved issues, regarding supramolecul ar assembly and generegu-
lation, this could be pointed out as one of the main goals of most ferritin research
programs.

AAS is a method, used in many works for determination of the iron in the fer-
ritins. The different authors found this amount to be between 1000 and 4500
atoms per molecule [1-6]. This encourages us to investigate the iron amount in
the Horse Spleen Ferritin with atomic absorption spectroscopy.

2 Materials and Methods.

Materials: Horse spleen ferritin (HoSF Type |, Merck) was analysed for iron
content. Hydrochloric acid (HCI, Merck) at concentration of 3M was used to
dissolve dry ash ferritin material.

Instrument: Atomic absorption spectrophotometer “Perkin Elmer 3030” was
used as the iron content determining apparatus. Its principal schemeis shownin
Figure 1. Init ahollow cathode lamp is used as a primary source of monochro-
matic light with wavelength A = 248.3 nm. The evaporating flame was an
oxidizing acetylene/air flame. The al glassware used was class A.

140



Atomic Absorption Assessment of Mineral Iron Quantity in Ferritin

MONOCHROMATOR

PHOTOMULTIPLIER
sLITS
L
M1 /
Me
\/ Dy SOURCE

APERTURE
sTOP GRATING

CHOPPER L
S, .~ BEAM COMBINER —
s 4]

BEAM
SPLITTER
NS

N M1

PRIMARY S8OURCE
{——m — M

SAMPLE COMPARTMENT

Figure 1. Scheme of Atomic Absorption Spectrometer “Perkin Elmer 3030”.

Method: The preparation of the probe and the analysis were carried out ac-
cording to Bulgarian standard BDS EN 14082/2003 Foodstuffs — Determina-
tion of trace elements — Determination of lead, cadmium, zinc, copper, iron and
chromium by atomic absorption spectrometry (AAS) after dry ashing [14].

3 Results and Discussion

Two parallel probeswere checked out. In both cases a precisely measured quan-
tity of 0.1 mL ferritin solution was deposited in aquartz crucible. Its correspond-
ing weight was measured in grams. The weight of thefirst and the second probe
was 0.0925 g and 0.1010 g, respectively. The solution was heated at 60 ° (to vis-
ible dry state) with attention to avoid boiling. The drying procedure continued at
105° for 1 hour. In the next step the quartz crucible was carefully placed on an
electrical heater and the substance was brought to proper degree of ash within 4
hours. After that it was placed in a muffle oven where it withstood at 440° for
ca. 12 hours. The ash remnant was transferred in ameasuring flask class A with
avolume of 25 mL and was dissolved in 3M HCI. The obtained solution had a
yellow-near colour and was clear, without opalescence. A quantity of 1 mL of
this solution was diluted in aflask to 10 mL with bidistilled water. Then 2 mL of
the solution was diluted again to 10 mL. Thus the overal dilution of the initial
ferritin solution turned out to be 12500 times. This was the fina solution for
assessment of iron content in the atomic absorption spectrophotometer.

For each probe 10mL of the final solution was placed in the apparatus and mea-
surements of 15 separate samples were done. The results for the first and the
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Table 1. Measurements of 15 separate samples for first end second probe

Sample Probe 1 [mg/L] Probe 2 [mg/L]

1 1.61 1.70
2 1.68 1.71
3 1.61 1.74
4 1.63 1.75
5 1.63 1.71
6 1.65 1.74
7 1.61 1.75
8 1.63 1.75
9 1.62 1.78
10 1.66 1.69
11 1.69 1.67
12 1.69 1.71
13 1.71 1.76
14 1.72 1.75
15 1.70 1.78
Mean value M 1.6560 1.73267
Standard deviation SD 0.03924 0.0326
Standard error SE 0.01013 0.08842

second probe, along with their mean values (M), standard deviations (SD) and
standard errors (SE) are shown in Table 1 and in Figures 2 and 3.

Thus, taking into account the overall dilution of the original ferritin solution and
the weight of the probes, we obtained the next figures for itsiron content:

2.0+

Fe content, mg/L

Number of sample

Figure 2. Fe contents of first probe.
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204

Fe content, mg/L

Number of sample

Figure 3. Fe contents of second probe.

Probel: (1.656 £+ 0.01) mg/L x (0.1 mL/0.0925 g) x 12500 = (2.238 +
0.0135)% (wt/wt)

Probe2: (1.732 4+ 0.008) mg/L x (0.1 mL/0.1010 g) x 12500 = (2.144 +
0.0099)% (wt/wt)

The average from the two parallel assessments gives: (1.694 4+ 0.009) mg/L
x12500 = (21.175 £ 0.1125) g¢/L, or (2.191 £+ 0.0117)% (wt/wt) iron in the
initial solution of ferritin. The corresponding error, imposed by the procedure
of manipulation of the probes, turned out to be insignificant in comparison with
the error coming from the sensitivity of the apparatus (0.125% according to the
manual). So, finally we found the iron content of (2.191 + 0.125)% in the orig-
inal solution offered by Merck.

On the other hand, based on the above results, we can calculate the molar con-
centration of theiron in this solution:

(1.694 + 0.009) mg/L x 12500/56 g = (21.175 + 0.1125) g/L /56 g
= (0.378125 4 0.002) M Fe.

Because according to the manufacturer the same solution contains 100 mg/mL
of the protein ferritin, its molar concentration should be

100 gL ! /474000 gmol ~* = 0.211 mM ferritin.

Thus, we can easily estimate the number of iron atoms per molecule of protein

0.378125 M Fe/0.211 mM ferritin = 1792.3125 atoms per molecule.

143



M. Marinova, L. Vladimirova

The obtained result shows that in our case one molecule of ferritin is loaded
with aprox. 1800 iron atoms. It should be said that this is well in agreement
with the works of other investigators, leading specialistsin this area, e.g. PM.
Harrison (1730—-2000 atoms/molecul€) and E. Theil (800-2000 atoms/molecul €)
[4,5]. This gives us motivation to claim that the use of the Bulgarian standard
in the AAS study of iron in the ferritin or other significant proteinsis areliable
tool for quantitative evaluations.

The use of the Bulgarian standard for investigation of the iron contents with the
aim of AASis an opportunity to study many other biological objects, connected
with the iron processes.
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