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Human transferrin is a bilobal protein, with two Fe(III) binding sites displaying different spectroscopic, kinetic,
and thermodynamic properties despite identical ligand donor groups. We present a spectroelectrochemical
determination of the formal Fe(III/II) redox potentials for all possible permutations of this Fe-binding protein:
Fe-saturated diferric (Fe2Tf), monoferric C lobe (FeCTf), and monoferric N-lobe (FeNTf), at endosomal pH (5.8),
20 °C, and 0.5 M KCl. The spectroelectrochemical technique utilized an anaerobic optically transparent thin-
layer electrochemical (OTTLE) cell and methyl viologen mediator. Correction was made for the FeII

nTf (n ) 1,
2) dissociation equilibrium using an estimated value for the Fe(II)-transferrin binding constant at pH 7.4 in
order to calculate upper limits of the redox potentials at pH 5.8 for Fe2Tf, FeCTf, and FeNTf of -526,-501, and
-520 mV (vs NHE), respectively. Reduction of Fe2Tf is by two-electron transfer. This study represents the first
direct determination of the Fe(III/II) transferrin redox potentials for all Fe-bound permutations of the protein at
physiological conditions relevant to the endosomal release of Fe. Our results suggest that the two redox sites are
similar and that the redox potentials are too negative for Fe(III) reduction by a physiological reducing agent to
be involved in endosomal release of Fe from transferrin in the absence of a reaction sequence sequestering Fe(II)
or effecting a conformational change in transferrin that substantially raises the reduction potential of its Fe(III).
No such sequence is known.

Introduction

The iron-binding protein transferrin has evolved for transport-
ing iron in the circulation of all vertebrates and a number of
invertebrates,1 conveying the metal from cells where it is
released to cells where it is stored or incorporated into essential
proteins such as hemoglobin and the cytochromes. The human
transferrin molecule is a single-chain glycopeptide of 679 amino
acids, disposed in two similar lobes with about 60% sequence
identity between them.2 Each lobe consists of two rigid domains
hinged to form a cleft bearing an iron-binding site. Four of
the six coordinating atoms of bound iron are provided by the
protein: two tyrosyl phenolic oxygens, one carboxylate oxygen
of an aspartate, and one histidyl nitrogen. The remaining iron
coordination sites are satisfied by two oxygen atoms of a
“synergistic” carbonate anion, linked to the protein by a network
of hydrogen and electrostatic bonds. In the absence of carbon-
ate, or a substitute for it, iron is not bound by transferrin, so
that the requirement for a synergistic anion may be taken as a
defining feature of the transferrin class of iron-binding proteins.
For recent reviews of transferrin structure, see Baker and
Lindley3 and Baker.4

Iron resists hydrolysis by tight, but reversible, binding to
transferrin, with apparent stability constants greater than 1020

M-1.5 During its lifetime in the circulation, the human
transferrin molecule carries out more than 100 cycles of iron
binding, transport, and release.6 Understanding the physiologi-
cal activity of the protein therefore depends on understanding
the mechanism of iron release. Iron is taken up from transferrin
by the iron-requiring cell in a complex series of events initiated
by a binding of the transferrin molecule to its specific receptor
on cell membranes. The receptor-transferrin assembly is
internalized in a membrane-bound endosome in which proton
pumping lowers the pH to 5.4-6.0.2,7,8 Iron is freed from
transferrin within the endosome and the resulting apotransferrin
returned to the cell surface, where it is released to the circulation
for another cycle of iron transport. No more than 2-3 min is
required for the entire process to be completed.6

Although the low pH of the endosome facilitates iron release
from transferrin, it is not sufficient to bring about such release:
a self-buffered solution of transferrin at pH 5.0 requires hours
to release half of its load of iron.9 Other factors, such as
chelation and labilization of the iron-transferrin bound by the
transferrin receptor, must also participate in the release mech-
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anism. The weaker binding of Fe(II) to transferrin (logK )
2-3)10 as well as its higher lability relative to Fe(III),11 is also
consistent with a reductive elimination of the iron. Therefore,
a study of the reduction of the iron bound to transferrin at low
pH is of considerable importance in gaining an understanding
of the physiological activity of this iron transport protein.
Earlier studies focused on a determination of the redox

potential of iron in transferrin at pH 7.4.10,12,13 D. C. Harris, et
al.12 reported a reduction potential of-400 mV (vs NHE) for
Fe2Tf at pH 7.4, using dithionite as the reducing agent and
methyl viologen as a mediator. However, no correction was
made for the dissociation of Fe(II) in the reduced product, FeII

2-
Tf; such a correction would make the redox potential more
negative. Raymond et al.13 reported the reduction potential of
FeIII 2Tf at high electrolyte concentration (2 M KCl) and pH 7.4
using bulk electrolysis and spectrophotometric detection. Ex-
trapolation of a concentration/potential plot results in a calculated
redox potential which, when corrected for FeIITf dissociation,
is-520 mV. Neither of these studies12,13distinguished between
diferric transferrin (Fe2Tf) and C-terminal (FeCTf) and N-
terminal (FeNTf) monoferric transferrin. An indirect approach
was taken by W. R. Harris,10 who combined Fe(II) binding
constants for FeIICTf and FeIINTf, calculated from a linear free-
energy relationship between Fe(II) and Ni(II), with the corre-
sponding FeIIITf binding constants to estimate formal reduction
potentials of-340, -280, and-338 mV for C-terminal,
N-terminal, and diferric transferrin, respectively, at pH 7.4. W.
R. Harris considered the dissociation of Fe(II) from transferrin
in his calculations as well.10

The goal of this investigation was to directly determine the
formal redox potential of Fe in FeCTf, FeNTf, and Fe2Tf at
endosomal pH, 5.8. Our approach was to utilize an anaerobic
optically transparent thin-layer electrochemical (OTTLE) cell
in conjunction with the spectroelectrochemical technique.14

Relatively short measurement times (0.5-4 h), the absence of
O2, and the use of a methyl viologen (MV2+) mediator facilitated
precise measurement of the redox potentials without complicat-
ing side reactions. The overall system, including correction for
Fe(II) dissociation, may be represented as follows.

Experimental Section

Materials. Diferric transferrin, Boehringer Mannheim Corp., and
C-terminal and N-terminal monoferric transferrins prepared by the
method of Baldwin and de Sousa15 were freed of extraneous chelators
by dialysis against 0.1 M NaClO4 followed by dialysis against 0.05 M
HEPES buffer at pH 6.5.16 For spectroelectrochemical experiments,
diferric and C-terminal monoferric transferrin samples were further
dialyzed overnight against a 0.05 MMES, 0.2-0.4 mMmethyl viologen

(MV2+), 0.5 M KCl solution at pH 5.8, 4-6 °C. The final protein
concentration with respect to Fe was 0.11-0.22 mM. The N-terminal
monoferric transferrin samples were dialyzed similarly, but for 7 h with
a complete replacement of solution after 3 h, and stored at 4-6 °C
([Fe]) 0.68 mM). The diferric and C-terminal monoferric transferrins
were shown to be stable for several weeks when kept cold. The
N-terminal monoferric transferrin was used within 24 h of dialysis.
The purity of the preparations was verified by urea gel electrophoresis.5

Methyl viologen dichloride hydrate (98%, Aldrich), 2-[N-morpho-
line]ethanesulfonic acid monohydrate, MES (>99.5%, Sigma), and
certified ACS KCl (Fisher Scientific) were free of any electrochemical
impurities and used as received.A 1 N KOH solution (Fisher Scientific)
was used to adjust the solution pH to 5.8. Doubly distilled water was
used at all times. Glassware was soaked in a detergent or a 30% H2O2

in 0.1 M HNO3 solution, thoroughly washed with water, rinsed with
deionized water, and finally rinsed with doubly distilled water prior to
use.
Methods. An optically transparent thin-layer electrochemical

(OTTLE) cell was constructed with separate compartments for the
working, auxiliary, and reference electrodes and thermostated at 20
°C.14,17 The reference compartment was filled with deaerated dialysis
solution (supporting electrolyte, buffer, and methyl viologen mediator
at pH 5.8) and separated from the working electrode compartment by
an agar plug. A Ag/AgCl in 3 M NaCl reference electrode was used
for all measurements, and a gold wire, 0.05-cm diameter, was used as
an auxiliary electrode. The working electrode was gold gauze (1×
0.4 in.2 plain weave mesh, 82× 82 wires/in.2, 65% open surface,
Goodfellow Inc.) sandwiched between the transparent cell wall and a
quartz plate to give a 0.035(5)-cm light path. The working electrode
was conditioned before each potential step by soaking in a 0.1 M HNO3

solution (>15 min) followed by sonication in ethanol (15 min). The
electrode was then held at-76 mV (15 min) and scanned in 1 M H2-
SO4 between 1.80 and-0.01 V until a reproducible cyclic voltammo-
gram was obtained.18 The electrode was then rinsed with doubly
distilled water and allowed to dry. The electrode potential was
controlled by an external P.A.R. Model 363 potentiostat. All potentials
are reported relative to the NHE.
Before each experiment, the empty cell and transferrin solution were

repeatedly subjected to several careful vacuum-ultrapure Ar purges,
frothing being avoided as much as possible. A permanent flow of
ultrapure Ar was maintained over the cell during the spectroelectro-
chemical experiment in order to prevent any O2 contamination which
would react with Fe(II) transferrin and the reduced form of the mediator.
Spectroelectrochemical experiments were conducted using solutions

consisting of transferrin ([Fe]) 0.11-0.68 mM), MES buffer (0.05
M), KCl supporting electrolyte (0.5 M), methyl viologen mediator
(MV2+; 0.2-0.4 mM), and CO2 ([HCO3

-] < 0.007 mM). The decrease
in the concentration of Fe(III) transferrin by reduction at various fixed
electrode potentials was monitored at 465 nm (εFe(N)Tf ) 2130 M-1

cm-1, εFe(C)Tf ) 2670 M-1 cm-1, andεFe2Tf ) 4800 M-1 cm-1)12 using
a Cary 2300 UV-vis spectrophotometer. Initially the potential was set
at-206 mV, where the Fe transferrin is fully oxidized (FeIIITf-measured
absorption denotedAto). Then the potential was stepped to more
negative values between-386 and-566 mV (measured absorption
values denotedAe) in 20-40-mV increments, where the Fe centers were
partially reduced. The final step was to-656 mV, where the Fe
transferrin was fully (>99.5%) reduced (FeIITf and Feaq2+ measured
absorption denotedAtr). All absorption changes (at 465 nm) were
corrected for the absorption of the mediator at that potential, which
usually accounted for less than 10% of the total absorption. Equilibrium
at each potential was reached in 0.5-4 h. When the cell was kept at
the same potential for a long time after reaching equilibrium, a decrease
in the absorbance of MV•+ was observed, probably due to the formation
of dimers by reactions between fully oxidized and reduced mediator
species.19,20 In such experiments, the spectroelectrochemical process
became irreversible due to mediator side reactions. After each potential/
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absorbance measurement the cell was opened and the solution changed
in order to replenish the mediator, and the electrode was chemically
and electrochemically cleaned in order to remove any protein which
may have adsorbed on the electrode surface. At negative potentials
below-526 mV, an amalgamated Au gauze working electrode was
used to prevent H2 evolution. The amalgamation procedure consisted
of electrochemically depositing Hg (Edep ) 544 mV) from a 0.05 M
Hg(NO3)2 solution in 2 M HNO3 for 10-15 min. The electrode surface
was renewed before each potential step by soaking the Au(Hg) gauze
in anhydrous ethanol for 30 min, followed by a short Hg electrochemical
deposition step.
The stability of solutions in the OTTLE cell was established by

monitoring a solution containing 0.234 mM FeCTf (or Fe2Tf) and 0.2
mM MV2+ in 0.5 M KCl and 0.05 M MES at pH 5.8 over a 2-h period
(the average time span for an experiment) and noting an absorbance
drift of <2.5% from 340 to 750 nm. Reversibility was tested for diferric
transferrin (0.13 mM) in the presence of 0.4 mM MV2+, 0.5 M KCl,
0.05 M MES, and pH 5.8 to establish that large negative potentials did
not reduce the protein disulfide bridges (an irreversible process).12 The
system in its fully oxidized state at-206 mV was stepped to-656
mV and allowed to reach equilibrium in the fully reduced form. The
solution was then reoxidized by exposure to air and the spectrum
indicated that>85% of the initial protein concentration was regenerated.
Spectroelectrochemical measurements in our OTTLE cell at the

conditions of the transferrin experiments resulted in a formal redox
potential of-474(3) mV (number of electrons transferredn ) 1.06)
for methyl viologen and+416 mV (n ) 0.94) for ferricyanide
(FeIII/II (CN)63-/4-). These are consistent with literature values,13,21once
allowance is made for the ohmic drop and liquid junction potential in
the thin-layer cell. The FeIII/II (CN)63-/4- redox potential reported here
may be used as a reference point for comparison of our transferrin
results with those obtained in other laboratories.

Results

Spectral changes associated with the reaction of FeIIITf with
MV2+ (eqs 1-3) at various potentials are illustrated in Figure
1. Initially, at -206 mV, only the absorbance of FeIII

nTf is
observed (MV2+ has a negligible absorbance over the wave-
length range scanned). When stepping the potential to more

negative values, the characteristic peaks for MV•+ (396 and 602
nm) increase and the FeIIInTf peak (465 nm) decreases. An
equilibrium position is reached between the oxidized and
reduced forms of the protein and the mediator at each externally
applied potential, with the absorption spectrum remaining
constant. Due to the relatively low affinity of apotransferrin
for Fe(II) and the relatively high lability of Fe(II),22 the overall
process that takes place upon reduction in the OTTLE cell is
illustrated in eq 4 and characterized by a potential denoted as

Erxn. The relationship between the concentration ratio of the
oxidized and reduced transferrins and their absorbance in
solution is shown in eq 5, whereCox is the concentration of the

oxidized species present, FeIIITf, Cred is the concentration of
both reduced species present, FeIITf and Fe2+(aq), andAto, Atr,
andAe are the absorbances obtained at potentials where the
transferrin is totally oxidized, totally reduced, and at intermediate
potentials, respectively, as described in the Experimental
Section. Equation 6 expresses the Nernst relationship in terms

of the dependence of the ratio of the oxidized to reduced species
on the imposed solution potential,E, written as a function of
the characteristic absorbance values at 465 nm.napp in eq 6 is
the apparent number of electrons transferred in the process, and
Erxn is the apparent redox potential for eq 4. Figure 2 is a plot(20) Zak, O.; Leibman, A.; Aisen, P.Biochim. Biophys. Acta1983, 742,

490.
(21) Kolthoff, I. M.; Tomsicek, W. J.J. Phys. Chem.1935, 39, 945. (22) Gaber, B. P.; Aisen, P.Biochim. Biophys. Acta1970, 221, 228.

Figure 1. A typical collection of spectra for the reduction of FeIIITf
in the presence of methyl viologen at various applied potentials. The
solution contains 0.20 mM FeCTf and 0.4 mM MV2+ in 0.5 M KCl,
0.05 M MES at pH) 5.8, and 20°C: FeIIITf peak at 465 nm; MV2+

peaks at 395 and 602 nm. The equilibrium spectra were obtained at
-206 (1),-386 (2),-426 (3),-486 (4), and-506 mV (5).

Figure 2. Nernst plots for the reduction of iron transferrin species
according to eqs 5 and 6. Each data point represents the average of
2-3 independent measurements of different transferrin solutions.
Conditions: 0.2-0.4 mM MV2+ in 0.5 M KCl, 0.05 M MES at pH)
5.8, and 20°C. Diamonds: Fe2Tf (0.11-0.19 mM in Fe), circles: FeC-
Tf (0.18-0.22 mM in Fe). Triangles: FeNTf (0.68 mM in Fe). Error
bars represent standard deviations for the average of 2-3 independent
experiments.

FeIIInTf + ne- h nFeaq
2+ + apo-Tf (4)

(n) 1 or 2)

Cox/Cred) [FeIIITf]/{[Feaq
2+] + [FeIITf]} )

(Ae - Atr)/(Ato - Ae) (5)

log{(Ae - Atr)/(Ato - Ae)} )
(napp/58.1)E- (napp/58.1)Erxn (6)
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of eq 6 for Fe2Tf, FeCTf, and FeNTf, where the slope andx-axis
intercept representnappandErxn, respectively. These parameters
are listed in Table 1.
To obtain the formal potential for FeIII/II nTf as shown in eq

7, each experimental point on the Nernst plots in Figure 2 was

corrected using FeIITf and FeII2Tf stability constants.10 For each
potential step, the equilibrium absorbance (Ae) at 465 nm can
be written as

where l is the light path length (0.035(5) cm), and the total
concentration of Fe may be written as

where [FeIIInTf]o is the total concentration of Fe when it is all
oxidized and{n[FeIInTf] r + [Feaq2+]r} is the total concentration
of Fe when it is all reduced. The extinction coefficientε′ in eq
8 was determined to be 0 from the total absorbance at-656
mV, where transferrin is fully reduced. This is consistent with
the fact that ligand-to-metal charge transfer, which is responsible
for the absorption peak at 465 nm, is not possible for Fe(II)-
transferrin complexes.22 The concentration of aqueous Fe(II),
[Feaq2+], was estimated from the stability constant expressions
(eq 10) and the literature values forKb

FeIITf (103.0 for FeIINTf,

102.7 for FeIICTf) and forKb
FeII2Tf (105.7 calculated from 103.0×

102.7) 105.7).10 Estimated values of [Feaq2+] calculated in this
way were assumed to be lower limits, since the literatureKb

values10 were obtained from a linear free energy correlation at
pH 7.4 where transferrin binding to Fe(II) is expected to be
greater than at pH 5.8. Since transferrin binding to Fe(II) at

pH 5.8 is very weak, the free apotransferrin concentration was
taken as equal to [Feaq2+] for monoferric transferrin and equal
to 1/2[Feaq2+] for diferric transferrin. The concentrations of
FeIIInTf and FeIInTf obtained from eqs 8-10 were used in the
Nernst equation (11). Consequently, the corrected Nernst plot

of log{[FeIIInTf]/[FeIInTf]} versusE exhibits an x-intercept
representing an upper limit forE° ′ (the FeIII/II nTf redox potential
corresponding to the half-reaction shown in eq 7), and a slope
of n/58.1. Corrected plots of the Nernst equation (11) are given
in Figure 3 for all three transferrin species, and the upper limit
reduction potentialsE° ′ for eq 7 and then values are listed in
Table 1.

Discussion

Direct spectroelectrochemical investigation of mono- and
diferric transferrins at pH 5.8 results in a determination ofErxn
for the overall reaction 4, whereErxn is the potential required
to reduce 50% of the ferric transferrin present. Correction of
Erxn for the dissociation of Fe(II) from reduced transferrin (eq
3) shifts the Fe(III/II) redox potential to a more negative value.
This corrected value corresponds to the formal half-potential
(E° ′) for the FeIII/II Tf couple at pH 5.8 (eq 7). The magnitude
of the shift to more negative potentials depends on the estimated
value for the affinity of Fe(II) for transferrin at pH 5.8 (Kb in
eqs 10a and 10b). The values in column 5 of Table 1 are an
upper limit based onKb values estimated at pH 7.4.10 Kb values
at pH 5.8 will undoubtedly be lower, and theE° ′ values listed
in parentheses in column 5 of Table 1 represent a calculated
lower limit for arbitrarily assumedKb values of 101 for FeIICTf
and FeIINTf and 102 for FeII2Tf. For Fe2Tf, n≈ 2 (Table 1) for
the process described in eq 7, as expected for two Fe sites with

Table 1. Redox Parameters for Mono- and Diferric Transferrins at
pH 5.8a

transferrin
species conc mM

ErxnbmV
(vs NHE) nappb

E° ′,cmV
(vs NHE) nc

Fe2Tf 0.11-0.19 -458(9) 0.84(19) -526d (-621)e 2.1
FeCTf 0.18-0.22 -460(8) 0.68(8) -501f (-576)g 1.2
FeNTf 0.68 -466(5) 0.51(2) -520h (-649)g 0.7

a Experimental conditions: 0.2-0.4 mM MV2+; 0.5 M KCl; 0.05
M MES; pH) 5.8; 20°C. Results are averages of three independent
determinations with standard deviations in parentheses for FeIII

2Tf and
FeIII CTf, and two independent determinations for FeIII

NTf with average
deviations in parentheses.b Apparent reduction potential and apparent
number of electrons transferred for reaction 4 calculated from the slope
andx-intercept of a plot of eq 6. Numbers in parentheses represent the
uncertainties in the last significant digit obtained from the standard
deviation of the mean of the slope and intercept of three independent
data sets and corresponding plots of eq 6.c Parameters in columns 3
and 4 corrected for FeIInTf dissociation to give formal FeIII/II Tf redox
potential for reaction 7.dUpper limit assumingKb ) 105.7 (eq 10b).
e Lower limit assumingKb ) 102 (eq 10b).f Upper limit assumingKb

) 102.7 (eq 10a).g Lower limit assumingKb ) 101 (eq 10a).hUpper
limit assumingKb ) 103.0 (eq 10a). Figure 3. Corrected Nernst plots for the reduction of Fe(III) transferrin

species. The data from Figure 2 for Fe2Tf, FeNTf, and FeCTf obtained
at the six most positive potentials were corrected for the dissociation
of FeIInTf using eqs 8-11. Data obtained below-530 mV for Fe2Tf
and FeCTf in Figure 2 were not used for the corrected Nernst plots due
to the low absorbance changes measured at low{FeIII ]/{[FeIITf] +
[FeII]} ratios, which results in less reliable measurements. Diamonds,
Fe2Tf (0.11-0.19 mM in Fe), circles: FeCTf (0.18-0.22 mM in Fe).
Triangles: FeNTf (0.68 mM in Fe). Error bars represent standard
deviations for the average of 2-3 independent experiments.

log{[FeIIInTf]/[Fe
II
nTf]} ) (n/58.1)E- (n/58.1)E° ′ (11)

FeIIInTf + ne- h FeIInTf (7)

Ae ) A[FeIIITf]e + A[FeIITf]e + A[Feaq2+]e ) εFeIIITfl[Fe
III
nTf] e +

ε′l{[Feaq
2+]e + [FeIInTf] e} (8)

[Fe]tot ) [FeIIInTf] o ) n[FeIIInTf] e + n[FeIInTf] e +

[Feaq
2+]e ) n[FeIInTf] r + [Feaq

2+]r (9)

Kb
FeIITf ) [FeIITf] /{[Feaq

2+][Tf] } (10a)

Kb
FeII2Tf ) [FeII2Tf] /{[Feaq

2+]2[Tf] } (10b)
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similar redox potentials acting as a unit.23 For FeCTf, n≈ 1 as
expected for a single redox-active site. For FeNTf, n appears
to be slightly less than 1 (Table 1). The correctedn value may
be slightly low for FeNTf because this is a more labile binding
site than the C-terminal lobe and some Fe dissociation or
scrambling between N and C sites may have occurred during
the course of our measurements.24-26 This lability difference
between sites may have been amplified by the low-pH conditions
of our study.
Comparison of our results with those reported by Raymond

et al13 (E° ′ ) -520 mV for Fe2Tf at pH 7.4) suggests that
there is little dependence of the FeIII/II Tf redox potential on pH.
An n value of 1.1 can be calculated from the results of Raymond
et al. for Fe2Tf.13 This suggestion of a single-electron transfer
for Fe2Tf may be due to a conformational change at the high
salt concentration used (2.0 M KCl), where the protein adopts
a more open conformation, resulting in the two Fe centers
operating independently. Our uncorrected results are compa-
rable to those of D. C. Harris et al. for Fe2Tf at pH 7.3 (-400
mV).12 No correction was made by these authors for Fe(II)
dissociation. Our results are significantly more negative than
those indirectly calculated from a LFER and corrected for
Fe(II) dissociation by W. R. Harris at pH 7.4 (E° ′ ) -340,
-280, and-338 mV for FeCTf, FeNTf, and Fe2Tf, respec-
tively).10 We are reluctant to ascribe this difference to a pH

effect, since these values were not directly measured and are
based on a LFER extrapolation of Fe(II) and Ni(II) binding to
transferrin.
This study represents the first direct determination of the Fe-

(III/II) transferrin redox potentials for all of the Fe-bound
permutations of the protein (Fe2Tf, FeCTf, FeNTf) at physi-
ological conditions relevant to the endosomal release of iron.
Our results at endosomal pH, 5.8, illustrate that, in reducing
FeIII 2Tf, the two Fe centers act as a unit (n ) 2),23 although
this does not necessarily mean that release of the Fe from Fe2-
Tf is cooperative. The small difference we see in the upper
limit reduction potentials for Fe in the N and C lobes may be
ascribed to a small difference in Fe(II) affinity between the two
sites.
Our results directly address the issue of whether reduction

of FeIII 2Tf or FeIIITf is a likely mechanism for Fe release from
transferrin within the endosome. Pyridine nucleotides (NADH
and NADPH), the electron source for reductases, have a
reduction potential at pH 5.8 of-284 mV. Reductive Fe release
is therefore unlikely due to the negative potentials reported here
as an upper limit at pH 5.8 for Fe2Tf, FeCTf, and FeNTf, unless
some process is operative which shifts the redox potential
positive, such as a conformational change or a cascade of
reactions involving Fe(II) chelation after reduction. For ex-
ample, FeIIInTf reduction followed by dissociation (eq 4),
coupled with Fe(II) chelation (eq 12) to provide an overall

reduction-ligand exchange process, shown in eq 13, would be
thermodynamically favorable at pH 5.8 with a NAD(P)H/
NAD(P) reductant if the effective equilibrium constant for eq
12 were greater than 103 and the Fe(II) chelator were present
in sufficient concentration to capture most of the released Fe.
No such Fe(II)-sequestering agent, or cascade of reactions, has
yet been identified. Although reduction of Fe must occur before
the metal can be deposited in the ferritin core or incorporated
into heme by ferrochelatase, our results suggest that this
reduction occurs subsequent to release of Fe from transferrin.
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(23) As can be seen by comparing columns 4 and 6 in Table 1, correction
of the spectroelectrochemical data for the dissociation of FeIITf
influences the value obtained for then parameter. However, our
conclusions that electrochemical reduction of FeIII

2Tf involves a two-
electron-transfer process and that electrochemical reductions of
Fe(III)CTf and Fe(III)NTf are one-electron processes are not dependent
on the assumed value forKb (eq 10). For example, the calculatedn
value for FeIII 2Tf varied between 2.1 and 2.2 on changing theKb value
from 1 to 107. The same consistency in calculated corrected values
for n (≈1) for the monoferric transferrin species was also observed.
Furthermore, our conclusion that reduction of Fe2Tf occurs by a two-
electron-transfer process is not dependent upon an assumed model.
Equation 6 treats the observed absorbance changes in a way that is
not model-dependent. A plot of eq 6 is shown in Figure 2, which
clearly shows a greater slope for the Fe2Tf system than for either FeC-
Tf or FeNTf. This is supportive of a difference between Fe2Tf and
FeTf. When correction is made for FeII

nTf dissociation using an FeIII 2-
Tf model as shown in Figure 3, we obtainn ) 2.1 andE° ′ ) -526
mV, as listed in Table 1. When the correction is made for FeII

nTf
dissociation using a per site model for diferric transferrin, ignoring
the distinction between the N- and C-terminal sites (i.e., [FeIII ] )
2[FeIII 2Tf]), we obtainn ) 1.6 andE° ′ ) -504 mV. This is not
consistent with a one-electron transfer and suggests that FeIII

2Tf is
best treated as a 2-electron system.
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Feaq
2+ + chelh FeIIchel (12)

FeIIInTf + ne- + chelh nFeIIchel+ apo-Tf (13)
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