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The pH dependence of Fe(Ill)-amino acid complexes has been studied polarographically and

by means of ESR spectroscopy.

It could be shown that, at least, two complexes exist: one with a low molecular weight, ESR
detectable at acid pH, and one with a high molecular weight at alkaline pH. ESR non detectable.
The half wave potential of Fe(IIl) is lowered by amino acid ligands.

The redox interaction of the Fe(Ill)-amino acid complexes with vitamin C results in a decrease
of the ascorbyl radical concentration. Ascorbic acid also forms a complex with Fe(IIl) as in-
dicated by a polarographic half wave potential near — 0.55 V vs. S.C.E. at pH 7.

Introduction

The biological role of iron is well known,
especially in connection with physiological redox
processes [1].

Since ascorbic acid is a predominant low molec-
ular weight ligand of iron in vivo [2], it should
interfere with the Fe(Ill)/Fe(Il) redox system [3].
Such an interaction will be modified by amino acids
to which iron ions are bound in many biological
instances.

Despite the importance of the iron redox system
for biological systems, not much is known about its
potentials. Therefore, the influence of a few amino
acid ligands on the redox potential and the stoichio-
metry of the Fe(Ill)/Fe(Il)-system as well as the
modification of iron-amino acid complexes by
vitamin C has been studied by means of polaro-
graphic and electron spin resonance methods.

Materials and Methods

Ascorbic acid (ASC), L-histidine, L-aspartic acid,
L-alanine and ferric nitrate (Fe(NO3)3;- 9 H,O) have
been purchased from Merck, Darmstadt, and were
used without further purification.

A Metrohm Polarecord E261R equipped with a
dropping mercury electrode and a saturated calomel
reference electrode (S.C.E.) with a potassium
nitrate-agarose bridge was used for the polaro-
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graphic measurements. The polarograms were
obtained at room temperature (25 °C) after deoxy-
genation of the solutions with purified nitrogen and
addition of 0.002% gelatine.

The pH values were measured with a Knick
pH meter using a glass electrode.

The potentiograms were taken by a Metrohm
Potentiograph E436.

The ESR measurements were carried out at 77 K
with a Varian E9 100 kHz modulation X-band
spectrometer. The modulation amplitude was
0.8 mT and the microwave power 5SmW for all
samples investigated.

Results and Discussion

Changes in the molecular characteristics of metal
ion complexes in aqueous solutions can be well
monitored polarographically by means of the
pH dependence of the half wave potentials and
diffusion currents [4, 5].

a) Polarographic diffusion current

The half wave potential of the free Fe(Ill)/Fe(Il)
redox system is supposedly about +0.77 V (cor-
responding to +0.53 V vs. S.C.E.) [6] and is. thus,
not accessible by the dropping mercury electrode.
Nevertheless, the concentration of the Fe(Ill)-aquo
complex can be estimated by measuring the total
diffusion current at a lower potential (e.g. 0V vs.
S.C.E.). The pH dependence of such a diffusion
current, measured relatively to the value in the
strong acid solution, is shown in Fig. la.
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Fig. 1. pH dependence of the total diffusion current (x) of Fe(NO;); (1 mm) (a) complexed with histidine (b), aspartic
acid (c), and alanine (d) (200 mMm each). Also shown are the diffusion currents contributed by the complexes A (2)

and B (0).

It is known that Fe(IIl) has a strong tendency in
forming aquo complexes even at very low pH
values. With increasing pH this complexation
increases resulting in a lowered diffusion coefficient
and, thus, in a diminished diffusion current. In
order to maintain Fe(Ill) in solution at physio-
logical pH., it must be coordinated to suitable
ligands. Thus a complexation with histidine, e.g.,
prevents such a precipitation up to about pH?9
(Fig. 1b).

In the case of aspartic acid and alanine, the total
diffusion current may be explained by a superposi-
tion of the currents contributed by at least two
complexes, complex A (mainly present at low pH)
and complex B (increasing in concentration with
higher pH) (s. Fig. 2, I ¢, and 1d).

The potentials of the polymerization products
(complexes B) are always lower than those of the
mononuclear complexes (complexes A).

The potential of the Fe(Ill)-histidine complex
cannot be observed by means of this technique.
However, the diffusion current already present at
electrode potentials as high as possible (higher than
0V) indicates, that the corresponding half wave
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Fig. 2. Polarograms of the Fe(Ill)-aspartic acid com-
plexes A and B as a function of pH. The potentials are
taken vs. S.C.E. Concentrations used: 1 mM Fe(NOs);,
200 mM aspartic acid, 200 mM KNOj.

potential is higher than this value over the whole
pH range studied.

b) ESR-signal at g = 4.3

The electron spin resonance (ESR) signal of high
spin Fe(Ill) depends strongly on the symmetry of
the environment [7]. In a rhombic symmetry the
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Fig. 3. ESR-spectra of Fe(NO;); (Imm) (pH2 top
spectrum) with alanine, aspartic acid, and histidine as
ligands (pH 4. 200 mm each), taken at 77 K. s: relative
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signal is very sensitive to any deviation of the perfect
rhombic symmetry (s. Fig. 3) [8. 9]. The line width
of the ESR signal depends on the kind of the ligand:
it is nearly constant over the pH range used.

The signal of the Fe(Ill)-histidine complex is very
small (only 6 mT line width) and of a symmetrical
line shape, indicating a nearly perfect rhombic sym-
metry.

The pH dependence of the spin concentration is
shown in Fig. 4. A comparison with the polaro-
graphic diffusion currents (s. Fig. 1), shows that the
ESR signal is detectable only in those pH regions
where the complexes A can be recorded polaro-
graphically. Complexes B of both aspartic acid and
alanine are undetectable by the ESR method. These
complexes might be polynuclear with an antiferro-
magnetic coupling between the Fe(Ill) ions by
—O—or —OH- bridges [7, 10].

The decrease of the spin concentration of the
Fe(Ill)-histidine system above pH 3.5 might be
caused by a change in complexation state from
rhombic to another symmetry without changing
molecular size or redox potential.

¢) Interaction with vitamin C

The vitamin C redox system exists of two one
electron transitions. Their reduction potentials are
+0.32Vand —0.20 V at pH 7 for the semidehydro-
ascorbic acid/ascorbic acid (SDA/ASC) and de-
hydroascorbic acid/semidehydroascorbic acid (DHA/
SDA) couple [11].
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Since Fe(Ill) ions in their complexes with histi-
dine are reduced completely by ASC, it might be
concluded that the reduction potential of the
Fe(Ill)/Fe(Il)-histidine system is much higher than
that of SDA/ASC, which agrees well with the
polarographic experiments. ASC is oxidized to
SDA. which, then, is converted to DHA by either
oxidation or disproportionation.

The potential of the Fe(Ill)/Fe(Il)-aspartic acid
system, however, is comparable to that of the
SDA/ASC system. Therefore, it oxidizes ASC only
partially. This partial oxidation allows the evalua-
tion of the SDA concentration. It will result in
0.5 pm by using the equation

E(I;e_ EOASC
lg[SDA]= ——
gPAI=""7159
[Fe(I11)] [ASC]
lg ——————— H7,25°C
e Feany P )
with  [ASC]=1.73mmMm, [Fe(Il)]=0.54 mM and

[Fe(IlT)] = 0.04 mM as obtained for complex A from
the polarograms, Ef%=E*=+0.18V (pH7) as
measured polarographically for the fully reversible
Fe(Ill)/Fe(Il)-aspartic acid system (reduction
potential of complex A), and E{¢=+032V
(pH 7).

By using the disproportionation reaction

2SDA = ASC + DHA

with the equilibrium constant K = 1.5x 10~° (pH 7,
25°C) [11], the SDA concentration should be 30 nM
only if one assumes [DHA] = 1/2 [Fe(I])].

A comparison of these two results suggests, that
the potential of the Fe(Ill)/Fe(Il)-aspartic acid
system, as determined polarographically, is too
high. Assuming [SDA]=30nM 1is correct, then,

a) b)

ImM NaOH
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Ef*=+0.11V (pH7) would be the appropriate
reduction potential of the Fe(Ill)-aspartic acid
complex A in the presence of ascorbate.

Oxidation of SDA to DHA by Fe(Ill)-complexes
will also decrease the SDA concentration. Due to
the potential difference of the redox systems, this
oxidation should be more pronounced than it has
been observed. It is very likely that the SDA
radicals, contrary to the ascorbate ions, are not
affected by the Fe(Ill)-complexes [12], probably due
to sterical reasons resulting from the special bicyclic
structure of the SDA molecules [13].

It is well known that Fe(Ill) ions catalyze the
autoxidation of ASC presumably by forming an
intermediate complex [14]. The potential of such an
Fe(II)-ASC complex can be detected by a cathod-
ic polarographic wave near —0.55V vs. S.C.E.
(Fig. 5a) in the presence of oxygen at neutral or
slightly alkaline pH. The complex also exhibits
a broad absorption band near 550 nm (&sso=
1400 M~'ecm™' at pH 7.4) which can be used for
quantitative derivation of Fe(Ill) and ASC in
aqueous solution [15].

The complexation described seems to inhibit any
further oxidation probably due to the incorporation
of OH™ or to the formation of other complexes, as
indicated by an acidification of the solution
(Fig. 5b) and by the time dependence of the Fe(IIl)
catalyzed oxidation of ASC (anodic wave).

Conclusions

The bio-availability of iron in living cells requires
the solubilisation of the Fe ions by complexation.
This complexation, however, influences also the
redox potential of the Fe(III)/Fe(Il) redox system.

Fig. 5. a) Polarogram of Fe(NO;);
(I mM in 200 mM KNO;, pH7) taken
in the presence of ascorbic acid (20 mMm).
The potentials are given vs. S.C.E.;
b) Potentiograms of 20 mM ascorbic
acid without (—) and with (---)

é ' 1‘0 T pH I mm FC(NO3)3.
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As shown by means of the polarographic tech-
nique. there are at least two types of complexes
formed between Fe(Ill) and amino acids: one of a
relatively low molecular weight and one highly
polymerized. The polymer complexes precipitate at
higher pH values due to their high molecular
weight and remain undetectable by ESR probably
due to an antiferromagnetic coupling of their Fe-
centers. The low molecular weight complexes pre-
dominate at acid pH, are detectable by ESR, and
exhibit a more or less rhombic symmetry.

The reduction potentials of the polymer com-
plexes are lower than those of the low molecular
weight complexes. All of these potentials, however,
are lower than that of free Fe(IIl) ions. These ions
catalyze the one electron oxidation of ascorbic acid
to the ascorbyl radical. This oxidation, however,
seems to be restricted by a complexation between
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Fe(Ill) and ASC and depends, thus, on the concen-
tration ratio between these two complexes.

The interaction between Fe(Ill)-amino acid com-
plexes and ascorbate results in a reduced SDA level.
This might be caused by a diminished effective
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with aspartic acid as a ligand.

The redox potential in living cells as maintained
by the vitamin C redox system might be directly or
indirectly influenced by Fe(IIl) ions complexed with
amino acids.
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