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Introduction

The transferrins are a series of iron binding glob-
ulins isolated from various biological sources. Serum
transferrin (plasma), ovotransferrin (egg white) and
lactoferrin (milk), all are capable of binding two
mol of ferric ions tightly but reversibly [1]. Al-
though an iron transport role for serum transferrin is
well established, the function of the other trans-
ferrins is more obscure. It is thought that they may
play a bacteriostatic role by denying iron to bacteria
[2,3].

The visible absorption spectrum of diferrie trans-
ferrin is dominated by a rather intense absorption
band with a Ay of ®470 nm and e = 2500/iron.
This gives rise to the characteristic salmon pink color
of the iron containing protein. Recent investigations
show that this band is likely to be a ligand to metal
charge transfer (LMCT) transition. The principle
evidence for this comes from resonance enhanced
Raman spectroscopy [4, 5]. Chemical and physical
studies on the protein have implicated histidine,
tyrosine, carbonate and water as Fe®' ligands [1].
Laser excitation within the visible band of the pro-
tein reveals resonance enhanced Raman bands which
are assigned to imidazole and/or phenolate vibra-
tional modes. The most recent of these studies seems
to indicate that all the Raman bands are explicable in
terms of phenolate vibrations and thus assign the
visible band as a phenolate to iron charge transfer.

The copper(Il), chromium(IIl), cobalt(Il) and
manganese(IIl) complexes of transferrin have also
been prepared. All of these except the chromium also
display a moderately intense band in the 400—470 nm
region of the spectra. These complexes also show the
characteristic tyrosinate vibrations in their resonance
Raman spectra- [9, 10] . However, there have been no
further attempts thus far to explain the optical
properties of these metal substituted transferrins in
terms of the assumed LMCT scheme or more signi-
ficantly, to explain the absence of a charge transfer
band in the Cr complex.

In this report we analyze the intense bands in the
metal substituted transferrins in terms of optical
electronegativities, and put their assignment as
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phenolate to metal charge transfer transitions on a
firmer basis.

Experimental

The preparations of the Fe(III), Cr(II) and Co(III)
complexes of ethylene bis-[o-hydroxyphenylglycine]
(EHPG) have been described [5, 11]. The Cu(Il)
and Mn(III) complexes will be reported in a separate
publication. Visible spectra were recorded on a
Perkin-Elmer 552 spectrophotometer.

Calculations

The details of the calculations can be found in
references 12—14, however, a brief account is given
below. Equation (1) has been found to correlate the
transition energies of LMCT bands for a wide variety
of transition metal complexes.

Veorr = 30(XL - XM) (1)

where X;, and Xy are the optical electronegativities
of the ligand and metal respectively. The quantity
Veorr IS the transition energy of the first allowed
charge transfer band, corrected for certain interelec-
tronic repulsion effects and ligand field effects. These
interelectronic effects are determined from differences
in the spin pairing energy (SPE) between the [core] -
0},d™ and [core] o},d™! states.

SPE = [3/4 n(1 _"9_—1 _S(S+1)D @)

where D = 7B and B is the effective Racah parameter
of the system. The difference in the SPE, ASPE, is
added to the frequency of the observed transition to
give the v g, :

Veorr = Vobs + A(SPE) (3)

No further corrections need be applied if the transi-
tion terminates in the t,, level of the metal d orbitals.
However, ligand field splittings must be considered
if the LMCT transition terminates in an e; set of
orbitals in an octahedral complex.

Veorr = Vobs T A(SPE) — 10D, @

The calculation of these optical electronegativities
is complicated by the fact that the interelectronic
repulsion parameter, B, and ligand field splittings are
often difficult to estimate with a high degree of
accuracy [15]. Fortunately, the spectra of the metal
transferrin complexes are sufficiently rich to allow
estimates of these quantities with reasonable accuracy.
In addition, we have also examined the well defined
metal EHPG complexes as an aid to the analysis of
the transferrin results. EHPG contains the same
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donar groups previously implicated in metal binding
by transferrin and has been recognized as a reasonable
model compound. The data used in the calculations
are shown in Tables I and II.

TABLE 1. Values Used to Calculate Xy, for Metal EHPG
Complexes®.

Complex vops B ASPE 10Dq  veorr XmP
CuEHPG 267 0 0 154 113 24
FeEHPG 211 0.667° —1246 0 8.6 247

CoEHPG 286  0.533 3.73 2189 105 24
MnEHPG 234 0630 120 17.3® 181 2.15
CIEHPG - 0.642 899 197¢ -~ 18

8All values are in units of kK except those of Xp.

bData from ref. [14] except that for Fe(IlI}) which is from
ref. [13].

€The effective Racah parameter, B, was calculated from the
visible absorbtion spectra of CrEHPG via the procedure
described by Lever [16]. Using this value and the empirical
procedures of Jorgenson (see ‘Absorption Spectra and
Chemical Bonding in Complexes’, Pergamon Press, London,
1962) the other values can be estimated.

dpetermined from the optical spectra via the analysis de-
scribed by Wentworth and Piper [17].

€Determined from the optical spectrum via standard methods.

TABLE 1I. Values Used to Calculate Xj, for Metal Trans-
ferrin Complexes.2-P

Complex vgps B ASPE 10Dq Veorr XM
CuTr 228 0 0 14.8 80 24
FeTr 21.25 067 1252 0O 8.73 247
CoTr 24.7  0.540 3.78 18.0° 1048 24
MnTr 23.2  0.63 11.7 156 19.3 2.15
CriTr - 0.645 9.03 16.26 294 1.8

3All values are in units of kK except those of Xp.

bAll values in Table Il have been determined as described in
Table I using the appropriate metal transferrin spectra.
CEstimated from the difference in 10Dq between CrEHPG
and CrTr.

Results and Discussion

One way to ascertain if a particular band in the
spectra of a transition metal complex is a LMCT is
to observe the shift in the band as a function of metal
substitution while keeping the ligand environment
constant. Jorgenson has been able to show that one
can predict these shifts by associating an optical
electronegativity with both the ligand and each of
the metals [13].

Our approach was to first determine what an
appropriate optical electronegativity would be for
a phenolate ligand, since this is the suspected source
of the LMCT band. We have utilized in this regard
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the metal complexes of EHPG. The iron complex of
this ligand has already been recognized as a good
model for the optical spectrum of ferric transferrin
[5]. We have extended its use as a model to a variety
of other metals [18]. This complex was chosen as
there is little doubt that the bands observed in most
of these compounds must arise from phenolate to
metal CT, as there are no other donor groups which
could be expected to give rise to intense visible absorp-
tions. In addition, we have determined that the
phenolate groups are coordinated to the metal in
these complexes by X-ray crystal structures [18].

Using the metal substituted EHPG complexes,
we have determined a self consistent optical electro-
negativity for the phenolate ligand of X;, = 2.76
(data in Table I).

Utilizing the data in Table II and the appropriate
equations, we were able to calculate values of X,
for transferrin itself. The results are presented in
Table III. The Xy, cuc values are seen to be consistent
among the metal substituted derivatives, with the
possible exception of the Cu(Il) complex. The close
agreement between the values calculated for the
transferrins and the EHPG complexes strongly sug-
gests that the bands observed are LMCT which arise
from one or more phenolate groups as ligands. They
are also consistent with the contention that all of
the metal ions bind at a common site in transferrin.
The Cr(III) complex of transferrin has been some-
what anomolous in that it does not display a CT
band in the visible region of the spectrum. Using
the data presented herein we calculate the CT band
of this complex should occur at about 240 nm which
is well into the UV where it will be obscured by the
intense m—n* transitions of the protein itself. Thus
there is no need to postulate a different ligand
environment for the Cr(Ill) in order to explain the
absence of a LMCT, in the visible region.

The case of copper(ll) transferrin must be con-
sidered as unresolved. The calculated Xj; from
copper transferrin is significantly different from that
determined with the other metals. This could arise
from a number of causes: (1) The copper in trans-
ferrin is known to interact with a variable number of
nitrogen ligands as a function of pH. Thus, the
binding site may be different for the copper com-

TABLE IIl. Calculated Optical Electronegativities for the
Transferrin Ligand.

Complex XL cale
CuTr 2.67
FeTr 2.76
CoTr 2.75
MnTr 2.79
CrTr —
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plexes with respect to the other metals. (2) Copper(II)
is a d° system and hence subject to a severe Jahn—
Teller distortion which usually takes the form of an
extreme lengthening of the axial bonds. This effect
could be significant. Indeed, the copper EHPG com-
plex is severely distorted so it is not unreasonable to
assume that the transferrin complex should be so.
However, the manganese(IIl) derivatives of EHPG
and transferrin, which can also be expected to be
Jahn—Teller distorted, show unexceptional behavior.
The final possibility is that the visible absorption
band in copper transferrin is M — L rather than
L - M in character. This possibility has been raised
[5]. Similar bands in a series of related copper—
phenol complexes have been given this M > L assig-
ment on the basis of thermochemical data [19].
One final point; the LMCT band of diferric trans-
ferrin has been found to shift when carbonate is
replaced by alternative anions. Since the spin pairing
energy itself should be unaffected by this change and
since the crystal field splitting, 10Dq does not directly
affect the band position in the case of Fe(IIl), any
changes must be due to a variation in the Racah
parameter, B. The reduction in the Racah parameter
needed to explain the shift from 465 nm with car-
bonate as the anion to 488 nm with glycine and
505 nm with thioglycolate, is consistent with the
increased covalency expected in going from O - N~
S donors.

In summary, we conclude that the strong band in
the visible spectra of diferric transferrin and most of
the metal substituted derivatives is a LMCT transition
which originates on a phenolate oxygen and that all
of the metal ions probably bind to a common site on
the protein.
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