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ABSTRACT. The absorption and emission properties of hybrid Zn-substituted human hemoglobin (Hb) were
used to monitor differences in interaction between the porphyrin and the polypeptide chain for the two
subunits. Althougho-substituted @-ZnHb), S-substituted g-ZnHb) or totally substituted Hb all show
optical properties characteristic of Zn porphyrins, the spectra are also indicative of specific interactions
between the polypeptide chain and the porphyrin. The &sorption band ofi-ZnHb & 5 K shows a
splitting of ~300 cnT?, comparable to the largest split ever reported for a heme protein. This value is
~140 cnt? for 8-ZnHb. The possible origin of the split is discussed in terms of the local electric field
imposed by the amino acids of the respective heme pockets, different configurations of the porphyrin,
and/or influences of the liganding histidine. The Zn derivatives show quasiline spectra under fluorescence
line narrowing conditions, and the resolved excitation spectrum reveals differences in the vibrational levels
of the Zn porphyrin in the two subunits. Broad underlying emission in the fluorescence line-narrowed
emission spectrum can be accounted for, in part, by the existence of the two closely spaced electronic
origins and also by the extent of phonon coupling between the porphyrin and the protein matrix.

When Q binds to the iron of one of the hemoglobin (Hb)  with the porphyrin. Hybrid derivatives have been long used
subunits, there is a conformational change that alters theto examine subunit interaction®-4). The fluorescence and
binding affinity of O, to the heme in contiguous subunits. phosphorescence quantum yield of the Zn porphyrin in Hb
This conformational transition remains one of the most is high, and therefore, emission is easily detectaB)e (
intensively investigated phenomena in structural biology and Unlike hemes, the excited-state lifetimes of Zn porphyrins
has become a paradigm for the study of information transfer are long, and consequently, excited-state reactions can be
from one part of a protein to another. A great deal of data monitored. For example, hybrid met Hbs EeHb and
is available on how ligatiofrwith its associated changes in  Mg,Fe& Hb have been used to study light-induced electron
bond lengths and angleproduces a conformational change transfer 6—7).
throughout thea,f, heterotetramer. Less information, In this paper, we are primarily focusing on the electronic
however, is available on how conformational changes spectral properties of the ZnHb derivatives, using high-
occurring in one subunit ultimately affect the electronic resolution optical spectroscopy. We show that the heme
properties of the heme in a neighboring subunit. Indeed, environment in both subunits induces enough asymmetry in
one of the interesting remaining problems is why there are the porphyrin so as to split thes@absorption and that the
two subunits, thex and the. Both are needed, as shown split is greater in thex subunit. Under fluorescence line
by the observation that, in cases where the ratio. ahdf narrowing (FLN) conditions, i.e., low temperature and narrow
subunits is impaired, the disease thalassemia resblts ( band excitation, Zn porphyrins in proteins exhibit sharp

To study the functional differences between the two emission lines called the zero phonon lines (ZP&:) 10).
subunits, we have started using hybrid derivatives of Hb in The ZPL allow us to determine the extent of the inhomo-
which we substitute zinc for the native iron in one or both geneous broadening of the electronic transition and allow
Hb subunits. Since Zn is a closed-shell metal, it does not for construction of vibrationally resolved excitation spectra.
bind oxygen, and any effect of the polypeptide chain on the These data yield information on the phonon coupling and
spectrum is thus independent of the spin state of the centralthe configuration of the porphyrin, respectively.

metal and can then be attributed to heme pocket interaction
MATERIALS AND METHODS

" Supported by Division of General Medicine of the National Preparation of Hybrid Hemoglobins.Zn hemoglobin
Institutes of Health Grant PO1 GM48130. derivatives were prepared from human hemoglobin as
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glucose, glucose oxidase, and catalase was then added to
give final concentrations of 10 mM, 80 nM, and 16 nM,
respectively. These enzymes catalyze the reduction,of O
to H,O, and then to HO by glucose. The sample tube was
then closed with a lid and sealed with Parafilm.

Instrumentation. Conventional absorption spectra were
recorded on a Hitachi U-3000 UWis spectrophotometer.
This instrument was calibrated with the deuterium lamp
emission line and is accurate0.3 nm. The spectra were
acquired at a 0.5 nm resolution. For absorption measure-
ments at 4.2 K, a closed cycle CF1204 Cryostat (Oxford
Instruments, England) was used.

Fluorescence and phosphorescence emission spectra were
obtained using a Perkin-Elmer LS5 luminescence spectrom-
eter. For measurements at 77 K, a coldfinger liquid nitrogen
Dewar was used. The FLN spectra were acquired as
described previouslyj. The sample was cooled in an open
cycle EPR Cryostat (Air Products, Allentown, PA). The ’ ZnHb
laser excitation light was defocused so as to minimize hole 08 “ IS

burning effects. 06 | A h |

Data Analysis: Energy Inhomogeneous Distribution Func- S\ ; \
tion (IDF) and Vibrationally Reseled Excitation Spectrum. 04 r NS g

intensity

For long-lived excited-state molecules, excitation into a 02k ! -
vibronic band is followed by relaxation to the lowest K

electronic level of the excited state. Personov and co- 00 == 1;)00“ ’ 13(:)00
workers have shown that, in the case of aromatic wavenumber, cm’!

molecules-such as porphyrinswhich h_av_e inhomoge-  Fgure 1: Absorption (dotted line) and emission (solid line,
neously broadened spectra, a single excitation frequency cararbitrary units) spectra of ZnHb derivatives at 2D. The sample
excite multiple vibrational levels1@, 13. Multiple 0,0 was ~1 uM in 0.1 M BTP buffer and 0.1 M NaCl at pH 6.0.

emission lines are then observed, separated by the vibrationaF*citation was at 400 nm; spectral band-pass was 5 nm. Deoxy-
genation was achieved by adding sodium dithionate solution to the

frequencies of the excited-state molecule. By plotting the sample. (Top)-ZnHb; (middle)-ZnHb; (bottom) ZnHb.
intensity of a given vibrational line as one varies the
excitation frequency, a curve can be obtained representingiemperature, the spectra exhibit typical closed-shell metal
the inhomogeneity of the electronic transition enerdp, porphyrin characteristics: two absorption maxima, the
15). This plot is referred to as the inhomogeneous distribu- bo—Or o band-at lower frequency and the (@-or B
tion function (IDF). As such, it represents the true electronic |5nd—at higher frequency, the latter consistiné of many
transition, extracted from the homogeneous broadened,;pronic bands 22). The Q, absorption band of the
background. a-substituted Hb ¢-ZnHb) is relatively broader at room
The near equivalent of a vibrationally resolved excitation temperature than that observed for the protein with Zn
spectrum was obtained from the spectra used to obtain thesypstituted in the-chain (3-ZnHb). It should be noted that
IDF by summing the emission spectra in the 0,0 region when the absorption spectra of the hybrid derivatives also contain
their abscissa are expressed as a difference from excitationcontributions from the unsubstituted heme. This is apparent
(16). in the increased absorption at19 000 cm? in the mixed
Electrostatics. The X-ray structure of human deoxyhe- hybrids (top, middle) when compared to the totally Zn-
moglobin (7) was used to extraai-Hb andj-Hb heme  substituted protein (bottom). The fluorescence is character-
environments with thénsightll software package (MSI, San ized by a Stokes shiftedd@band and an approximate mirror
Diego). A sphere extending to 14 A from each heme was image @1 band emission at lower frequency. The emission
extracted from the X-ray structure from thel and 1 spectra were independent of exciting wavelength: no detect-
subunits to show representative heme environments. Theable difference was observed when the excitation was either
potentials were calculated at each heme (43 atoms) usingat 400 nm or in the @ region. Table 1 summarizes the
the GRASP program as previously describ&8) @nd used  conventional absorption and emission characteristics of the
(19, 20. The electrostatic parameters were dielectric zn hybrid hemoglobins, as well as the phosphorescence
constants of 80 and 2 for protein and solvent, respectively, emission and lifetime data. As with fluorescence, the
1.4 A probe radius, 0.0k ionic strength. The potentials emission maximum of the-ZnHb phosphorescence is at
were calculated at all vertexes and atoms of the heme with jower frequency than that ¢f-ZnHb. At 300 K, the fully
the protein charged using parse3 chargy. ( Zn-substituted hemoglobin has an emission maximum that
RESULTS is the approximate mean of the two individual subunits. Since
the emission maxima of the andf units are close and the
Absorption and Emission at Room Temperaturghe bands wide, the sum of these emissions thus yields the fully
visible absorption and fluorescence spectra of the Zn- substituted spectral emission envelope. Itis also well-known
substituted hemoglobins are shown in Figure 1. At room that there are small but real differences in the optical
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Table 1: Absorption and Emission Properties of Zn-Substituted Hb

o-ZnHb B-ZnHb ZnHb temp, K

absorption/fluorescence

Qo oabsorption max, crt ~17 000 (broad) ~17 007 ~17 000 300

Qo,0emission max, cmt ~16 830 ~16 800 ~17 650 300

Qo oabsorption max, crmt ~16 998, 17301 17 068, 17 209 5

IDF maximum, cm? 16 900 17 000 5

IDF width, cnT?, fwhm ~140 ~100, shoulder 5
phosphorescence

emission max, cmt(nm) 13830 (723) 13910 (719) 13870 (721) 77

lifetime, msec 29 29 31 77

03 00 00 0.1 band is asymmetric, and a Gaussian deconvolution procedure

yields two maxima centered at 17 068 and 17 209 tm
corresponding to a spectral splitting of 141¢m As noted
above, at room temperature, the spectrurg-@gihHb shows

a narrower Qo absorption band than the spectrunoeZnHb
(Figure 1). This suggests that, at that temperature, the
relatively larger split in the absorption band of eéZnHb
accounts for its broader absorption. Th&n derivative also
shows resolved emission.

The absorption peaks for ZnHb are approximately the
summed average of the two spectra of the substituted subunits
(Figure 2, bottom) minus the broad absorbance due to the
two deoxy-Fe heme subunits also present in the hybrid Hbs.
The fluorescence emission spectrum is also approximately
the sum of the individual Zn components (since Fe hemes
do not fluoresce).

FLN Spectroscopy: Determination of the Origin Fre-
guency and Vibrational Lels of the Excited Statefigure
3 compares the sharp features in the FLN spectra of the Zn
hybrids obtained in the £ region as a function of excitation
frequency into the g region. The vibronic bands are highly
resolved and clearly distinguishable from the broad back-

! . ground.

, ) The IDFs ofa-ZnHb and-ZnHb are also plotted in
. ' Figure 3 at the top of the respective FLN spectra. The

maxima of the two IDFs and the approximate widths are
et i given in Table 1. In the case af-ZnHb, the IDF has a
16000 18000 . . . L. .
wavenumber, cm™ single major maximum, although the distribution was not
) . . . . strictly Gaussian. We conclude that there is one major
Ficure 2: Absorption (dotted line) and emission (solid line, - P
arbitrary units) sp%ctra (ori-Zng at)5 K. The sample( was 200 pOpUIat_'on._an.d hence also one mean copforma}_fr_whmh
uM protein in 50% glycerol and 50% buffer (0.1 M BTP and 0.1 has a distribution of energy in its electronic transitions. Even
M NaCl, pH 6.0). Absorption was recorded with a YVis at 5 K, the absorption and emission of the origin do not
spectrophotometer and the emission spectra are selectively laserexactly coincide, and the IDF, which represents the distribu-
excited at 17700 cnt. (Top) a-ZnHb; (middie)s-ZnHb; (bottom)  tjon of the real electronic origin, lies between the two. The
e T e e e i 1 LIDF of 20 is not so clear-cut, and it i dificult 1
evaluate whether we are seeing a bimodal distribution or a
absorption spectra of the hemes in the two subunits of Hb single maximum with pronounced data scatter at lower
(23). energy. In the previous FLN study in this series, i.e., that

Low-Temperature Absorption and EmissioAdditional of the iron-free Hb hybrids4), the3-iron-free hybrid clearly

features are obtained in the absorption and emission spectrghowed a bimodal distribution, and it was speculated that
when the samples are coolenld K (Figure 2). In the case this could be indicative of twg-Hb protein conformations.
of a-ZnHb, a most striking spectral feature is the observed Clearly, more data is required to address this point fully in
Qo0 band splitting in absorption. The peak maxima are at the case of the Zn hybrids.
16 998 and 17 301 cm, corresponding to a spectral splitting As explained above, we summed the series of emission
of 303 cml. The absorption in the § region begins to  spectra shown in Figure 3, and we acquired spectra at
show unresolved vibronic resolution. The FLN emission is different excitation wavelengths to construct the equivalent
more resolved-due to selective laser excitatiotand shows  of a vibrationally resolved excitation spectrum. These are
narrow ZPL features, especially in the §region, which shown in Figure 4. The frequencies of the ZPLs are given
are superposed on broader features. in Table 2. We see that the and spectra differ in their

The absorption and emission spectrgfeZnHb at 5 K vibrational frequencies (cf. Figure 4 and Table 2). For
are also shown in Figure 2 (middle). The £absorption instance, in the region of the spectrum between 600 and 650

intensity
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Ficure 3: FLN spectra of the Zn-hybrids acquired in the/@egion. The concentration of protein was 2ad in 50% glycerol and 50%
0.1 M BTP buffer at pH 6.0. Temperature maintained at 5 K. (A) I@F, (@bsorption (dotted line) and emission spectra (solid line) at
excitation indicated. (B) FLN spectra the 0,0 region as a function of excitation frequency, indicated on the Figure-Zin¢ft); (middle)
B-ZnHb; (right) fully substituted ZnHb.

cm1, the o spectrum shows two vibrations at 621 and 637 DISCUSSION
cmt while the 8 spectrum only shows one (617 chu . o .
Temperature Dependenc&LN spectra are best observed 1 he function of thea and 8 subunits is essentially the
when the phonon coupling is relatively wedld( and when same: to bind and releage oxygen. Whlle the overall folding
the energy selection is retained in the excited state, i.e., wheredf the polypeptide chain is very similar, less than 50%
excited-state reactions do not occur. The temperaturePercent of the sequence is conserved indtfasdf subunits.
dependence of the FLN spectra is shown in Figure 5 for both Some flexibility in the protein matrix is required to allow
a-ZnHb andB-ZnHb. At about 40 K, resolution disappears diffusion of O, through the protein and binding to the heme;
and both Zn derivatives show a very similar temperature in addition, the polypeptide chain has to modulate the
dependence. chemistry of the heme so that oxygen binds while the iron
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Ficure 4: Vibrationally resolved excitation spectra. Emission 20K
spectra taken at 20 crhincrements from 17 360 to 17 700 cfn

in excitation were converted to frequency difference from excitation

and then summed. (Hairline}ZnHb. (Bold)5-ZnHb. Conditions

given in Figure 3. 10K

1 1
16800 17000

1 1
16800 17000

Table 2: Vibrational Line Frequencies, cinfrom Excitatiort 16600 17200

a-ZnHb B-ZnHb wavenumber, cm”!

596 s 594 s Ficure 5: Effect of temperature on the emission spectrum. The
621w 617 b concentration ob-ZnHb was 20QuM in 50% glycerol and 50%
637 w 0.1 M BTP buffer at pH 6.0. Temperatures are indicated on the
651w 651w figure. Excitation: 17 580 crit. (Left) a-ZnHb; (right) 5-ZnHb.

667 s 667 s

gggw ?gg“ instability of triplet state metalloporphyrins is well docu-
729s 727 s mented 28, 29 and has been proposed for porphyrins in

hemoglobin 80—32) and other heme proteins as weldl3].
How triplet state configurations relate to singlet state
configurations, however, remains an open question.
remains reduced. How thdifferentamino acids modulate Assuming that the electronic spectrum is split into two
the oxygen binding environments (i.e., the hemes) that closely lying electronic levels, we can interpret some features
perform very much thesamefunction is an interesting  of the observed fluorescence. When excitation is into the
question. higher electronic manifold, nonresolved emission should be

High-resolution optical spectroscopy provides a means to expected, for several reasons: (i) The population of mol-
examine the influence of the environment on the porphyrin. ecules is likely to have a distribution in the splitting energy
In FLN, a narrow band laser is used to excite the sample for the two electronic levels. In this case, excitation on the
which is held at low temperaturd). The narrow band  higher energy side of the higher energy band would lead to
selectively excites one subpopulation among the populationemission on the lower energy side of the lower energy band
of molecules with inhomogeneously distributed electronic (whereas excitation on the lower energy side would give
transitions. Among the information that can be obtained are emission on the higher energy side). Under these conditions,
vibrationally resolved spectra of both ground and excited energy selection would be lost. The possibility that there is
states, electronphonon coupling approximations and the a distribution of JahrTeller split energy in case of Zn-
distribution of 0,0 energiesl(). These spectral parameters porphyrin triplet state of cytochrome derivatives is sup-
can then be used to examine the differences between thEported by electron paramagnetic resonang®.( This is

as, strong; w, weak; b, broad.

two subunits.
Spectral Splitting. The splitting observed in thed@band

unlike the case when excitation is into a higher vibronic level
of thelower electronic manifold. It has been shown that, in

absorption region is most interesting. The splitting is much this case, although the electronic level is inhomogeneously

larger for Zn porphyrin in thex chain (303 cm?) than that
observed in theg8 chain (cf. 141 cm?).

distributed, the vibrational levels are approximately constant
(13). (ii) Transfer from one electronic surface to another

Splitting of the @, band of ferrous heme proteins and would involve coupling with the phonon wings, and energy
metalloporphyrins at cryogenic temperatures was originally selection would not be maintained. For example, excitation
observed by KeilinZ4), and there are many examples found into the S level with subsequent intersystem crossing to the
in the literature (see references in 5). An explanation triplet state does not yield resolved phosphorescence spectra
for the split is that the asymmetry of the heme environment in these porphyrin-protein systems. (iii) Excitation into
distorts the porphyrin so that it lifts the stribt, symmetry another electronic manifold could yield unresolved emission
(25, 26. Theoretical considerations would predict that the because relaxation from this excited state to the lower
absorption should be greater for the lower energy b@iy ( electronic manifold is likely to be very fasd4), and hence,
and this was indeed observed (cf. Figure 2). Jaheller the emission lines would be broad.
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FiGure 6: Distribution of charged residues i-Hb andS-Hb within a 14 A sphere around the heme extracted from the 1.7 A X-ray
structure (pdb2hhb.ent, Brookhaven Protein Data Ba#®) (The negatively charged residues (glu, asp) are red and the positively charged
(lys, arg) are blue.

We therefore expect that excitation into the vibronic bands myoglobin @3, 49. In Mb, the His ligand is almost oriented
of the lower electronic manifotdbut not exciting into the  over a straight line connecting two opposing pyrrole nitro-
higher electronic levetwould lead to resolved emission. gens. However, this is not the case in either subunit of Hb.
There is no duplication of the sharp emission features in the From this, we conclude that the orientation of the His ligand
spectra (Figure 2). This has also been observed in the caseannot be a factor in causing the observed splittings.
of crystalline porphyrins 35). The loss of degeneracy However, thea and 5 hemes do have slightly different
resulting in split electronic levels could explain why the geometries. Inthe-hemes, the normals to the mean pyrrole
emission from the ZnHb derivatives shows larger “back- planes are uniformly tilted toward the center of the porphyrin
ground” fluorescence than do the metal-free Hb derivatives by ~3° relative to the heme normal and the heme folds by
(cf. Figures 2 and 3 in red with Figure 2). Two closely = ~4° about an axis along the methene carbons located
associated electronic levels in Zn porphyrins could also between the pyrrole rings that have similar substituents. The
account for the greater unstructured background observed3-hemes show no such folding and two of their pyrroles are
in the case of Zn cytochromethan for iron-free cytochrome  more tilted than that of the-hemes by~8° (17). These
¢ (36—38). considerations could argue for the involvement of some

In our context, the question of interest then becomes whatdegree of porphyrin distortion in the Q-band splitting. The
in the environment of the heme pocket could possibly orientation may be different in the metal-substituted protein,
promote such large € splitting? From symmetry consid- the structure of which is not known; however, Zn porphyrins
erations, distortions of the respective porphyrin planarities tend to be five liganded4f), even in cytochrome where
could conceivably cause splitting. The FLN spectra of Figure Zn derivative has the overall folding as the native Fe protein
2 were obtained by exciting into a higher vibronic line, (46). This would argue that Zn Hb is a good model for the
resulting in the observation of multiple 0,0 lines. As such, T state.
these lines provide vibrational details on the excited-state Another cause to be considered for the observed splitting
molecule. The vibrational frequencies are different for the is the local electric field produced by the amino acids
two Zn Hb derivatives between 600 and 650 ¢rcf. Table surrounding the heme, with a significant contribution from
2). This is the region of porphyrin resonance Raman pyrrole electrostatic chargecharge interactions arising from adjacent
deformation modes (e.gdpyr.dersymat 605 cmit in Nickel charged amino acids, as presently investigated in a separate
octaethylporphine) 39, 4Q and out-of-plane modes for study. Recent Stark effect hole burning experiments and
cytochromec (e.g., pyrrole swivel at 612 cm) (41). The electrostatic field calculations on a c-type cytochrome have
purpose here is nhot make decisive vibrational assignmentsshowed that different heme geometries could be distinguished
but to point out that there are vibrational spectral differences through their behavior in an external fiel@Q), and the
in the respective FLN spectra of both ZnHb derivatives that vibrational spectra of small cytochromeligands can be
are observed in the region most sensitive to the type of shifted by modification of the protein matrix electrostatic
porphyrin distortion most likely to result in that specific field (21, 47. Figure 6 illustrates the distribution of charged
porphyrin asymmetry required to kftor at least-affect the residues liable to result in a spectrally significant Stark-type
D4, degeneracy. Differences in the heme configuration in of splitting (red residues, negatively charged at pH 7, and
thea- andS-subunits have also been monitored by resonance blue residues, positive). It can be seen that, within a radius
Raman on a cobalt Hb derivativdd). of overall net electrostatic influence (14 A), the matrix

The orientation of the histidine ligand relative to the heme distribution of charged residues responsible for charge
plane may also be significant in altering the electronic charge interactions differs significantly in both heme evi-
splitting. The splitting in thex-ZnHb is comparable te-300 ronments. For example,compare the top left upper region
cm ! found in the Mg and Zn derivatives of sperm whale in both subunits:a-Hb shows a distinct positive region,
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Finally, longer range effects could also be considered as
contributing to the observed splitting. Hemleeme excitonic
coupling has been suggested for Soret circular dichroism
spectra for hemoglobin4@). Interaction between the Zn
porphyrin and the heme of the neighboring subunit can be
inferred from the shorter phosphorescence lifetime recorded
for the mixed hybrid than for the totally Zn-substituted
protein (Table 1). But we do not believe that such long-
range interactions are playing a significant role in the spectral
splitting. Energy transfer, resulting in quenching of phos-
phorescence, would be a longer range process than a direct
excitonic process, which could also cause spectral modifica-
tions. Moreover, the totally Zn-substituted Hb exhibited
spectral properties that were approximately the average of
the individual Zn-subunit spectra (Table 1); this argues
against excitonic coupling, since such a process would be
different for the Zn and Fe porphyrins. Additionally, since
metal-substituted Mb also shows a splitting comparable to
that of a-ZnHb, excitonic coupling is then definitely not
required to account for such splitting.

Stokes Shift, IDF, Phonon Couplingn the absence of
all interactions with solvent, the electronic absorption and
emission origins should coincide. A Stokes shift at room
temperature (Table 1) is indicative of the occurrence of
relaxation processes.

Even at 5 K, the absorption and emission bands do not
coincide (Figure 2). The IDF yields a value intermediate to
the maxima directly observed in the spectra. The phonon
wings associated with a ZPL are to higher energy in
absorption and to lower energy in emissia®)( We take
the lack of coincidence to indicate that electronic transition
of the porphyrin is affected by phonon coupling to the protein
matrix.

Since the IDF is obtained from the ZPL, it gives the true
distribution of 0,0 energies, undistorted from phonon con-
tributions. Fora-ZnHb, the maximum of the IDF is at
16 900 cnt?; for 5-ZnHb the value is at 17 000 crhif the
distribution is not bimodal. The splitting of the;gtransition

is ~303 and 141 cmt, respectively, and therefore, the
Ficure 7: Electrostatic surface potential maps of the hemeslith transition energies in the atr))sence )(/)f splitting would be at
(top) andp-Hb (bottom) using Hb subset-spheres including all

residues within 14 A of the respective Fe atoms. The protein matrix 17 050 cmi* for a-ZnHb and 17 070 cmt for 8-ZnHb. The -
was charged using the parse3 charge parameters, the proteiribsorption transition frequency in the absence of splitting
dielectric was 80 and that of the solvent 2. Calculations were can be derived by taking the average of the position of the
performed using GRASP. The heme surface is color-coded accord-nwo bands. Fora-ZnHb it would occur at 17 149 cm

ing to its electrostatic potential: red minimum values (negative); ' _

white = neutral potential region; blue maximum values (positive). g_a7vir3a79§rr$1f (213\7/e3r(;;ea2311760%988az? f;% Jgr fﬁ]zrjl'mt()erzt

while B-Hb has overlapping negative residues. Also, dif fore, for both the IDF and the absorption, within error, the
pping neg ] ' largest effect of the protein matrix is on the splitting of the

ferences.can be observed to the rlght side (.)f the resloeCt'vetransition, with very little effect on the absolute energy of
heme. Figure 7 presents electrostatic potential maps for both,[he origin

- andf-heme environments. The results are preliminary — pqr the zn Hb derivatives, the IDF and the extent of
in that other interactions besides the monopaf®nopole  yh4non coupling can be compared to that of Mg-substituted
can potentially contribute to spectral Stark shifts, but one ,,rseradish peroxidase, which was subjected to a similar FLN
trend emerges clearly, which is that the surface region of study. In this case, there was a close correspondence
negative potential in thg-heme (red~ —320 mV) is less  petween the absorption, emission, and IDE8)( This
pronounced than that of the-Hb, which is thus more  syggests that, in the hemoglobin, the porphyrin is more
negative (red~ —346 mV). These potential maps by no tightly coupled with the polypeptide chain relative to the
means represent a complete electrostatics study but they dgeroxidase protein, producing a larger phonon wing contri-
point to a calculated difference in the monopeieonopole bution.

contribution to the surface potential. Further analysis should Temperature Dependencdhe temperature dependence
allow us to state if the magnitude of the split is consistent of the FLN spectra was remarkably similar for both deriva-
with the calculated electrostatic differences. tives, with disappearance of resolution abové0 K. The
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processes discussed above, such as phonon coupling andL7.
relaxation between electronic levels are temperature depend-
ent and they usually result in loss of spectral resolution. The
temperature dependence is unlikely to be related to thermal
equilibration of the electronic levels since the observed
Q-band splittings are different for the two derivatives, but
temperature dependence is similar. Furthermore, because 20.

of the large splitting, we would expect thermal equilibrium

between the two electronic forms only to occur at higher

temperatures. Another cause for loss of energy selection
conditions could be due to the neighboring atoms changing
position during the absorption and emission processes. This 23
would shift the emission spectrum randomly and result in 24,
broadening. It is known that CO upon photodissociation can 25.

reversibly bind Hb above 20 K5Q) showing that there is
motion in the atoms sufficient to allow the diffusion of CO.

Therefore, it is likely that the spectral changes observed
during the temperature dependence is a type of glass
transition, where motion of some residues begins to occur, g

20.

sufficient to cause loss of resolution in the spectra.

In summary, the Zn derivatives of hemoglobin reveal
interactions between the polypeptide chain and the porphyrin.
We suggest that there is asymmetry in the heme pocket that 30.
reduces the symmetry of the heme. This is most pronounced
in the a-subunit, leading to one of the largest split in the
Qoo absorption band so far observed in heme proteins. Other
spectral features of the Zn porphyrin in the two subunits were 33.
quite similar, including the extent of phonon coupling, the
temperature dependence and the inhomogeneous broadening34-

35.
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