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Asymmetric band profile of the Soret band of deoxymyoglobin
is caused by electronic and vibronic perturbations of the heme group

rather than by a doming deformation

Reinhard Schweitzer-Stenner,? John Paul Gorden, and Andrew Hagarman
Department of Chemistry, Drexel University, Philadelphia, PA 19104, USA

(Received 5 June 2007; accepted 1 August 2007; published online 4 October 2007)

We measured the Soret band of deoxymyoglobin (deoxyMb), myoglobin cyanide (MbCN), and
aquo-metmyoglobin (all from horse heart) with absorption and circular dichroism (CD)
spectroscopies. A clear non-coincidence was observed between the absorption and CD profiles of
deoxyMb and MbCN, with the CD profiles red- and blueshifted with respect to the absorption band
position, respectively. On the contrary, the CD and absorption profiles of aquametMb were nearly
identical. The observed noncoincidence indicates a splitting of the excited B state due to
heme-protein interactions. CD and absorption profiles of deoxyMb and MbCN were
self-consistently analyzed by employing a perturbation approach for weak vibronic coupling as well
as the relative intensities and depolarization ratios of seven bands in the respective resonance Raman
spectra measured with B-band excitation. The respective B, component was found to dominate the
observed Cotton effect of both myoglobin derivatives. The different signs of the noncoincidences
between CD and absorption bands observed for deoxyMb and MbCN are due to different signs of
the respective matrix elements of A;, electronic interstate coupling, which reflects an imbalance of
Gouterman’s 50:50 states. The splitting of the B band reflects contributions from electronic and
vibronic perturbations of B;, symmetry. The results of our analysis suggest that the broad and
asymmetric absorption band of deoxyMb results from this band splitting rather than from its
dependence on heme doming. Thus, we are able to explain recent findings that the temperature
dependences of CO rebinding to myoglobin and the Soret band profile are uncorrelated
[Ormos et al., Proc. Natl. Acad. Sci U.S.A. 95, 6762 (1998)]. © 2007 American Institute of Physics.

[DOL: 10.1063/1.2775931]

INTRODUCTION

Over the past 30 years, myoglobin has been utilized fre-
quently as a laboratory to study the underlying physics of
protein structure and function."™ Myoglobin is a monomeric
protein with a molecular weight of 16.7 kDa that contains a
Fe-protoporphyrin molecule as its prosthetic group. It binds
oxygen and other small ligands such as carbon monoxide
reversibly. Numerous studies have shown that ligand binding
dynamics are more complex than initially expected in that
the binding ligand probes a large number of different confor-
mational substates with slightly different activation
enthalpies.z’gfll While fluctuation between substates is fast at
room temperature, it slows down at temperatures below the
glass transition of the solvent (water/glycerol), so that the
sample becomes inhomogeneous.

The doming of the heme group, which involves an out-
of-plane displacement of the central iron atom, has been con-
sidered as the decisive kinetic coordinate, the distribution of
which determines the enthalpy distribution encountered by
the binding ligand.lo_12 However, this notion was recently
challenged by Ormos et al. based on a very detailed kinetic
study on CO rebinding to myoglobin.13 They found that the
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kinetics of oxygen rebinding at cryogenic temperatures does
not depend on the coordinates that affect the respective band
profile of the Soret band of the deoxystate. Since theoretical
modeling by Srajer er al. suggested that the broad and asym-
metric band profile of this band reflects a Gaussian distribu-
tion of substates along the doming coordinate,'* Ormos et al.
concluded that the doming coordinate is not significantly in-
fluencing the activation enthalpy of ligand rebinding. This
result was surprising in view of the compelling evidence to
the contrary.lo’] L4 However, the conclusion of Ormos et al. 13
depends on the wvalidity of the band modeling of
Srajer et al.,"* which has been more recently questioned by
Franzen,"> who invoked vibronic coupling between the B
state and an excited charge transfer state associated with
band III in the near-infrared region of the heme absorption
spectrum to explain the magnetic circular dichroism (MCD)
spectrum of deoxyMb in the Soret band region. Franzen ar-
gues that this coupling lifts the degeneracy of the excited B
state, and that it is this splitting rather than heme doming
which is mainly responsible for the asymmetric and broad
profile of the Soret band. If this is true, the results of Ormos
et al."® would not argue against an influence of heme doming
on the kinetics of ligand rebinding. Since finding a physi-
cally correct model for the profile of the Soret band is appar-
ently important for the understanding of the ligand binding
process, we decided to investigate the composition of the

© 2007 American Institute of Physics
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Soret band by subjecting its absorption and CD profiles to a
self-consistent vibronic analysis based on the relative inten-
sities and depolarization ratios of prominent resonance Ra-
man bands recorded with Soret excitation. As recently shown
by Dragomir et al.,'* CD spectra, in some circumstances, can
be utilized to probe and quantify the splitting of Q and B
bands of heme proteins, which do not appear in the absorp-
tion spectrum even at cryogenic temperatures. For the sake
of comparison, we also use the above spectroscopies to in-
vestigate the Soret bands of myoglobin cyanide (MbCN) and
high spin ferric aqua-metmyoglobin (aquametMb). Our re-
sults identify electronic and vibronic perturbations as the de-
cisive determinants of the Soret band profile of heme pro-
teins with a pentacoordinated ferrous heme.

MATERIALS AND METHODS
Materials

Horse heart metMb was purchased from Sigma-Aldrich
Co. (St. Louis, MO) with no further purification and dis-
solved in 1 mM phosphate buffer solution. To obtain the
MbCN, KCN, obtained from Fisher Scientific (Pittsburg,
PA), was added to a stock solution of metMb at a ratio of
1.5:1. Metmyoglobin was reduced with sodium dithionite,
obtained from Fluka (Sigma-Aldrich Co.), in stoichiometric
excess before acquisition to obtain the deoxystate. 50 uM
solutions of myoglobin were prepared for CD and absorption
measurements.

Methods

Spectra in the range of the Soret band were measured
from 350 to 550 nm in digital form with a JASCO J-810
spectropolarimeter (Jasco, Inc.) purged with N,. Twenty ac-
cumulations were taken using a 5 nm bandwidth, a
50 nm/min scanning speed, and a 0.2 nm data pitch. Addi-
tionally, a background subtraction was carried out for all
spectra using similar parameters. A constant temperature of
20 °C was controlled by a Peltier cooling system (+1 °C).
All spectra were measured in a 1.0 cm quartz cell. The pH
was measured before and after measurement to ensure that
no change in pH occurred during the measurement. Nonlin-
ear base lines were subtracted from the spectra with
MULTIFIT."” For deoxyMb, we explicitly considered the over-
lap of the Soret band with the absorption of the dithionite
ion.

RESULTS AND DISCUSSION
Experimental results

Figure 1 shows the Soret band absorption and CD spec-
tra of deoxyMb, MbCN, and aquametMb. For the deoxy-
state, we observed a clear noncoincidence between absorp-
tion and CD spectra. The CD spectrum appears redshifted,
much narrower, and even more asymmetric, compared to the
absorption spectrum. A noncoincidence is also clearly recog-
nizable for MbCN, but the CD band is now blueshifted with
respect to the absorption band, and the difference between
the profiles is less pronounced than what was observed for
deoxyMb. For aquametMb, CD and absorption band profiles
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FIG. 1. Absorption spectra of (a) deoxyMb, (c) MbCN, and (e) aquametMb.
CD spectra of (b) deoxyMb, (d) MbCN, and (f) aquametMb. Thick black
line, experimental spectra and dashed line, simulated spectra.

are nearly identical. The only possible explanation for the
noncoincidence observed for deoxyMb and MbCN is Soret
band splitting. Apparently only one of the two components
(B, or By) carries substantial rotational strength induced by
multiple  electronic  interactions  with  the  heme
environment.'®

Analysis

To perform a quantitative analysis of the Soret bands of
deoxyMb and MbCN, we utilized the vibronic coupling ap-
proach of Schweitzer-Stenner and Bigman,19 which was re-
cently employed to analyze the Q-band spectra of various
ferrocytochrome ¢ derivatives to show that the splitting of
the optical bands of heme proteins can arise from electronic
and vibronic perturbations. If electronic perturbations are
present, the electronic and magnetic transition dipole mo-
ments (77=p,m) associated with the 0— 0 B-band transition
can be written as
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where nfg (77,?3 ) is the respective moment (electronic or
magnetic) of the transition into the unperturbed B(Q) states
(I,k=x,y) of the 50:50 states of Gouterman’s four-orbital
model,20 which we use as a reference basis for the unper-
turbed heme. The subscript v; denotes the vibrational quan-
tum number of the jth oscillator, indicating that the described
coupling occurs between equivalent vibrational levels of the
corresponding states. wﬁ ,. 1s the dipole moment for the tran-
sition into the perturbedJB state. It should be noted that
I"=x"y" can be different from the x,y directions of the un-
perturbed states, if perturbations lead to a rotation of the
dipole moments.”! 55 B, is the electronic coupling between
0, and By (I,k=x,y) due to a perturbation of symmetry I,
where I' refers to the irreducible representatlons Ay, By,
By, and A,, of the Dy, point group. E and E ~are the

I
eigenenergies of the unperturbed vibronic states |Q0 v;) and

|BO ,0;). The respective eigenenergies Eu (l =x',y’) of the
electromcally perturbed states are written as
21dp B 2
Ey, =EN +- —( - Q)O ) ()
/ ! E [ v; Ek v;

The summation runs over the representations Ay, By,, Bag,
and A,,. In the present study, we solely consider the elec-
tronic perturbation of A, and B, symmetrles for which /
and k are either both x or y. Since ) 0% = % and 68 B =
(53 , splitting of B , arises if the respectlve perturbatlons
are present whereas no rotation occurs so that [’=I/=k. This
splitting is identical for all vibronic states of BS", and Qx,V
Additional splitting of the 0— 0 transition is caused by
vibronic contributions which can be inferred from Eq. (3),

I ~\2 I . 2
Spichy s, ) S (S, (1)
+
B By _ Qo B’
Q; i ES —EQ+

3)

B’ B (
Epo=Epo= >

J

where EY o denotes the eigenenergies of the V1bron1cally and
electronically perturbed B state, and Ez' o and Ek, o are the
energies of the electronically perturbed states |Blr 0) and
|Q,,0), respectively. Qf denote the vibrational energies of
the jth vibration in the excited Q and B states, respectively.
The parameter c (]) (e,s=By,Qp and I’ ,k'=x",y") denotes
the vibronic couphng matrix elements of the ]th vibrational
mode of the heme macrocycle. I'’ is the effective symmetry
of the respective vibration in the presence of symmetry-
lowering perturbations. The second term on the right of Eq.
(3) describes the contribution from intrastate Franck-Condon
(A),) and Jahn-Teller (B, and B,,) couplings from the jth
mode. The third term reflects contributions from interstate
Herzberg Teller coupling mostly of By, and Aj,-type
modes.' Usmg the unperturbed D,;, symmetry as a reference

system, ¢l '(j) can be expressed as
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)= <e| e’|s>q, +Exao) (4)

The first term in Eq. (4) describes the vibronic coupling of
the jth mode of symmetry I" in ideal D, symmetry, whereas
the second term reflects additional vibronic coupling due to
the vibronic perturbations, which adds terms related to the
symmetry [=I'® I',, to the vibronic coupling term. I, is the
symmetry of the symmetry-lowering vibronic perturbation.
Equation (4) indicates that in a low symmetry, all coupling
processes can contribute, e.g., if an A;, mode is affected by
B, or B,, perturbations.

To account for the influence of electronic and vibronic
perturbations on the vibronic sideband of the B band associ-
ated with the jth heme vibration, the respective dipole mo-
ments and eigenenergies are written as

F// .
E1“”013,,31,(J) B

B’
Wl”’lj - QB Wl”,oj’ (Sa)
J
I ~\2
B 5 5 (EI‘”CBI/BI/(])) - )
El",vj = El/,()j + Q] - —QB + (EF”CQk’Bl’(]))
J
1 2

X +
B Q B B 19) 0
Ez/,oj_Ek',oj+Qj El',Oj_Ek’,Oj_Qj
(5b)

Both equations account for Franck-Condon/Jahn-Teller cou-
pling (cg; By terms) and interstate Herzberg-Teller coupling

(cg By terms). Generally, it is assumed that only intrastate

coupling affects the Soret band. However, strong interstate
coupling due to A,, modes can affect the eigenenergies. It
should be emphasized in this context that for the sake of
simplicity, we did not consider contributions due to thermal
populations of excited vibrational states in the ground
state.”?’

To restrict the simulation of the Soret band absorption
and CD profile of deoxyMb, we utilized the respective po-
larized resonance Raman spectra in Fig. 2, recorded with
442 nm excitation. The spectrum taken with parallel polar-
ization is dominated by bands assignable to A;, modes. The
relative total intensities of these bands are in first order pro-
portional to the respective coupling parameters cngl. Thus,
we neglect multimode effects which become relevant only
for excitations on the high energy side of the Soret band.”*
We determined the depolarization ratios of the most promi-
nent Raman lines. The respective values listed in Table I are
close to the Dy, value of 0.125 for v, but are significantly
larger for the low wavenumber modes. This indicates the
presence of asymmetric deformations.”"*> We performed a
self-consistent simulation of B-band absorption and CD pro-
file based on the relative intensities of the Raman bands
listed in Table I and a Franck-Condon coupling parameter

g’ 250 cm ! obtained for the ferrous state of horseradish
per0x1dase ® We first invoked B 1 type electronic splitting
and adjusted the value of &, 15 so that the noncoincidence
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FIG. 2. (Color online) Polarized resonance Raman spectra of deoxymyoglo-
bin measured with 442 nm excitation. Black solid line, spectrum taken with
polarization parallel to the polarization of excitation. Red circle symbols,
spectrum taken with polarization perpendicular to the polarization of exci-
tation. The assignments of the major bands are indicated. The spectrum was
corrected for self-absorption by using the method of Unger er al. (Ref. 38).

between the peak positions of absorption and CD profiles
could be reproduced. The corresponding value for 83;51 was
estimated from the Q, band intensity. Subsequently, we con-
sidered vibronic B ,-type perturbations cg[lgl(j) for all modes
listed in Table 1. The respective values were obtained by
calculating the Raman tensor of these modes so that their
depolarization ratios were reproduced. For the simulation of
the CD band, we assumed that only the low energy compo-
nent (B,) exhibits a rotational strength. This procedure
yielded absorption and CD profiles that were in good quali-
tative agreement with the experimentally observed profiles,
but the vibronic sideband was somewhat underestimated.
Therefore, we scaled the vibronic coupling parameters by the
same amount so that we obtained cjlf=300 cm™! for v,. Af-
ter some adjustment of 52‘5 , the simulation yielded a rather
satisfactory reproduction of the band profiles. Finally, we
allowed for some rotational strength for B,. Thus, the dashed
curves in Figs. 1(a) and 1(b) were obtained, which reproduce
the experimental profile quite well. All coupling parameters
used for this simulation are listed in Table II. For this simu-
lation, we used Voigtian profiles for each subband of the
vibronic progression. The spectral parameters are also listed
in Table II. Our analysis reveals that the vibronic perturba-
tions actually reduce the rather large electronic part of the
splitting (~500 cm™') of the B, band (0— 0 transition) to

TABLE 1. Depolarization ratios and relative intensities of resonance Raman
bands measured with 442 nm excitation.

Raman active vibration Depolarization ratio Relative intensity

Vpe_His 0.21 0.45
vy 0.2 0.1

Vg 0.17 0.14
vy 0.15 0.44
vy 0.13 1.0

v, 0.13 0.21
v, 0.22 0.16

vinyl

J. Chem. Phys. 127, 135103 (2007)

TABLE II. Spectral and coupling parameters used for the simulation of the
absorption and CD band profiles of the Soret band of deoxyMb.

(a) Electronic and spectral parameters

Eg 23224 cm™!

5! 800 cm™!
121

AE, 187 cm™!

' 300 cm™!

oy 300 cm™!

(b) Vibronic coupling parameters

Vibrational mode C/;['é'l Cg,'ﬁ,
Vre_pis (221 cm™) 135 70
vy (231 em™) 70 35
vg (370 cm™) 84 30
v; (670 cm™) 149 50
vy (1355 cm™) 300 26
v, (1563 cm™) 103

Vyinyt (1620 cm™) 99 44

189 cm™!. The respective splittings of the vibronic sidebands
are significantly larger (400—500 cm™!) (Supplementary In-
formation, Table El)27 because the vibronic influence on the
respective energy values is less pronounced. The splitting of
the 0 — O transition is affected by the vibronic contributions
from all modes [Eq. (3)], whereas the 0 — 1; transition in first
order solely probes the vibronic coupling of the correspond-
ing jth vibration. The interference between electronic and
vibronic splittings is reversed for the Q band. As demon-
strated by Levantino et al.®® for cytochrome ¢, the 0—0
splitting is generally larger than the respective 0— 1 split-
tings. This opposite influence of vibronic coupling on B- and
QO-band splittings was already predicted by Schweitzer-
Stenner and Bigman.19

To check the validity of our model, we applied it to the
absorption and CD profiles observed for MbCN [Figs. 1(c)
and 1(d)]. This ligation state of myoglobin has been investi-
gated earlier by using the resonance Raman excitation pro-
files and depolarization ratio dispersions of some resonance
Raman lines to simulate the absorption spectrum and the
polarized absorption spectra,24 which Eaton and Hoch-
strasser obtained for MbCN Crystals.29 We now used the
spectral and coupling parameters reported in this study to
simulate the Soret absorption and CD band profile of MbCN.
Only minor changes of the parameters were necessary to
obtain the very satisfactory reproduction of the experimental
profiles [dashed lines in Figs. 1(c) and 1(d)]. The blueshift of
the CD spectrum results from the fact that the sign of cgigl is
negative, so that B, and B, change their positions. This suc-
cess of our approach strongly underscores its validity.

It is necessary to emphasize in this context that the tech-
nically elegant time correlator approach which Srajer er al. 14
employed to describe the vibronic part of the Soret profile in
terms of the coupling parameters associated with the domi-
nant resonance Raman bands is not applicable in the pres-
ence of electronic and vibronic perturbations, which lead to
different band profiles for B, and By.24
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Comparison with literature

Woody and co-workers investigated the CD spectrum of
heme proteins including myoglobin.lg’3()’31 Hsu and Woody
modeled the Soret band of myoglobin and hemoglobin de-
rivatives by considering the electronic coupling between the
heme and aromatic residue side chains.'® Their calculations
yielded rotational strengths of opposite sign and slightly dif-
ferent magnitudes for the two B-state components, which
give rise either to a small positive Cotton band coincident
with the absorption band, if the band splitting was much
smaller than the bandwidth, or a couplet, if the band splitting
was larger than the bandwidth, as observed for ferricyto-
chrome c¢.'® None of these prediction are apparently in agree-
ment with our experimental data. Hsu and Woody invoke a
3 nm splitting between the two polarizations which corre-
sponds to 175 cm™!, without considering vibronic compo-
nents, and very close to 189 cm™! that we discovered here
for the B, band (0— 0 transition). The calculation of Hsu and
Woody was based on the assumption that the transition di-
pole moments of the B-band transition are aligned with the
N-Fe-N lines. Changes of this orientation can drastically
affect the CD spectrum. A rotation of the transition dipole
moments can be caused by B,, type or the combined pres-
ence of A,, and By, perturbations.21 Blauer et al. presented a
more refined model by calculating the rotational strength of
the Soret band transitions for the cytochrome ¢
undecapeptide.32 The authors extended the model of Hsu and
Woody by additionally considering n— 7" and 7— 7" tran-
sitions of the peptide groups as well as 7— 7 transitions of
imidazole rings. Their most sophisticated model, which con-
sidered the polarizability of the peptide groups and heme
transition dipole orientation from quantum chemical calcula-
tions, yielded, indeed, two clearly different, positive contri-
butions for the two Soret band components. This is in quali-
tative, though not quantitative, agreement with the result of
our analysis, from which we obtained a larger discrepancy
between B, and B,.

Franzen recently proposed a somewhat different ap-
proach for rationalizing the band shape of the absorption
band and MCD signal of deoxyMb,]5 namely, vibronic cou-
pling between the excited B states and the charge transfer
state (a,,d,) of the ferrous high spin iron, which is excited
by a charge transfer transition in the near infrared (band III at
13 100 cm™). Based on resonance Raman excitation profiles
measured in the band II1 region,33 he developed a model that
invokes vibronic coupling via the lowest frequency mode of
the B, block at 150 cm™' as the dominant source of Soret
band splitting. As a theoretical tool, the author utilized the
old perimeter model, which describes the 7 electrons of the
heme macrocycle as particles on a ring. Different electronic
states are characterized by different magnetic quantum num-

bers of the angular momentum operator iz. Apparently, this
is a very convenient model for explaining MCD spectra, but
it does not account for the fact that the |g) —|Q,) transition is
actually not totally forbidden, owing to an imbalance of
Gouterman’s 50:50 states. Our main objection to Franzen’s
theoretical treatment, however, concerns his treatment of vi-
bronic coupling. He describes the change of the electronic

J. Chem. Phys. 127, 135103 (2007)

potential by using an operator (dV/JR)AR, where V is the
electronic potential. AR is the deformation induced by the
aforementioned B, ¢ mode, ie.,, vy in the notation of
Abe et al** The corresponding matrix elements (277)!
(E<|0VIR|CT.)AR (E, and CT, are the two components of
the degenerate heme and iron state, respectively) were esti-
mated by modeling a rhombic deformation of the electronic
ground state associated with v,g and by using the electronic
wave functions of the perimeter model. The model yielded
FkAR2/2, where k is a force constant. Franzen argued that
the difference between these two values (i.e., kAR?) is a mea-
sure of the excited state’s (B-band) splitting. Strictly speak-
ing this approach is incorrect. The above vibronic matrix
element reflects interstate coupling, which affects eigenener-
gies only in second order, for which one obtains the term
(2m)~' ((E=|0V/dR|CT.)AR)*/ AE. Hence, no splitting is ob-
tained in agreement with the well established notion that
neither Herzberg-Teller nor Jahn-Teller coupling can lift the
degeneracy of E, states if the heme is in Dy, symmetry.zl’35
As shown by Schweitzer-Stenner and Bigman,19 the splitting
of such states by, e.g., Bj, modes requires a vibronic pertur-
bation dV%1s/dQP1¢, which arises from the variations of elec-
tronic perturbations VZis by B, g-type vibrational modes. In
our approach, we considered the vibronic perturbations of
B, symmetry associated with A;, modes, which add
B ,-type intrastate vibronic coupling to the Franck-Condon
coupling of A, modes, thus affecting the splitting of the B
band.

The earlier and still mostly accepted explanation of the
Soret band profile of deoxyMb is that of Srajer et al.,"* who
mapped a Gaussian distribution of heme doming onto the
eigenenergy of the Soret band by using the simple relation-
ship,

Ep(Q) = Ep + b0, (6)

where Ep, is the energy of the degenerated B state for a
planar heme, b is a coupling constant, and Q was identified
with the iron out-of plane displacement, which is the main
local coordinate of the lowest frequency doming coordinate
)@.36 Srajer et al. obtained a b value of 2570 cm™'/A2. The
corresponding energy shift for a displacement of 0.5 A is
642.5 cm™' .M Tt is intriguing to convert b into a physically,
more meaningful parameter by assuming that it reflects some
type of electronic coupling between the a,, highest occupied
molecular orbital of the heme and the dﬁ orbital of the iron.
For deoxyMb, the energy difference is approximately
10000 cm™!. Thus, by utilizing second order perturbation
theory, one obtains a coupling energy of 2535 cm™!. This
value is very high. The model of Srajer ef al. was used sub-
sequently to model the temperature dependence of the Soret
band of sperm whale myoglobin.37 Surprisingly, this yielded
a much lower value for b, namely, b=710 cm™'/A?, which
corresponds to a coupling strength of 700 cm™!, certainly a
much more reasonable value. The reason for this discrepancy
remains unclear. Ormos et al. used Eq. (6) to explore the
relationship between the displacement parameter Q and the
CO rebinding at different temperatures between 100 and
260 K. They found that the latter does not depend on the
former and concluded that the displacement of the iron atom
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(i.e., heme doming) is not a kinetic coordinate. Apparently,
the results of our analysis offer another solution, namely, that
QO has much less of an influence on the Soret band profile.
The electronic and vibronic perturbations invoked in our
theory are not expected to exhibit a significant temperature
dependence, even though some variations of vibronic cou-
pling associated with low frequency modes might occur due
to the depopulation of higher vibrational states and the con-
comitant decrease of 1— 2 transitions at low temperatures.
We therefore propose that in contrast to the proposal by Or-
mos et al., Q is a kinetically relevant parameter but not a
main spectral determinant of the Soret band.

SUMMARY

The noncoincidence between the CD and the absorption
band profiles of deoxyMb and MbCN indicates a splitting of
the excited B state. We employed the vibronic coupling
model of Bigman and Schweitzer-Stenner'® to simulate both
the absorption and CD spectra of both myoglobin deriva-
tives. The result of our analysis suggests that the splitting is
caused by a rather large electronic deformation which is re-
duced by vibronic coupling induced by vibronic perturba-
tions of the same symmetry. Based on the success of our
simulation, we argue that heme doming (the Fe out-of-plane
displacement) is not the decisive coordinate for the Soret
band of deoxyMb. This conclusion resolves a conflict be-
tween the observation that the temperature dependence of the
kinetics of CO rebinding is uncorrelated with concomitant
changes of the Soret band and many experimental data which
suggest that the heme doming determines the activation en-
thalpy of ligand binding.

Note added in proof. Our analysis of band splitting ne-
glects the possibility that the electronic part could stem from
an electric field with different components along the x- and
y-transition dipole moments of the B-band. Manas et al®
have argued that the respective potential which couples
ground and excited B- state, can cause substantial splitting
owing the strong dipole moment of the B-band transition.
This argument was questioned by Schweitzer-Stenner and
Bigmanlg, but their group theoretical argumentation might be
problematic. A final proof of a possible influence of the in-
ternal electric field in heme proteins on the splitting of theme
transitions requires a comparison of Q- and B-band
splitting,38 which has not yet been achieved on a quantitative
level. With respect to the present paper, however, we like to
emphasize that our data would not allow us to discriminate
between the considered B,,-type electronic perturbations
(which can be related to the electric quadrupole moment™®)
and a direct influence of electric field components. The con-
clusions drawn in this study are therefore independent of the
interpretation of the obtained electronic perturbation value.
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