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THE HIGH SPIN SPECIES IN SOLUTION OF DEUTEROHEMIN WITH TWO IMIDAZOLES COVALENTLY
LINKED TO PORPHYRIN RING AND ITS EQUILIBRIUM WITH THE LOW SPIN SPECIES

*
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MCD and NMR studies revealed that deuterohemin is, in part, in a
five-coordinated high spin form in solution where two imidazoles
bound covalently. For the chemical equilibrium between the high spin
and the main low spin six-coordinated species, standard enthalpy and
entropy changes were -11x103Jmo17 ! and -52 K—lmol—l, respectively.

Since many hemoproteins have imidazole(s) from histidine residue(s) as axial
ligand(s), the nature of ligation of nitrogenous bases to porphyrinatoiron(III) has
been subjects of interest.l—s) Although reactions of porphyrinatoiron(III) and
imidazole (or its derivatives) have been studied extensively by mixing the two com-
ponents,l_6'8) the hemin with imidazole base(s) covalently bound to porphyrinato-
iron(III) will be more appropriate for the direct comparison of ligation of imida-
zole(s) in model systems with those in native hemoproteins. We have synthesized
deuterohemin bis(L-histidinemethylester) (hemin I) with an intention mentioned
above and studied its chemical behavior in organic solvents. In the course of the
study we have found direct evidence for the existence of a chemical species with
high spin which is in equilibrium with a major low spin species. Iron(III)cyto-
chrome b5 which has two imidazoles as axial ligands exists exclusively as the low
spin species at neutral pH values, while metmyoglobin 953

imidazole formed by addition of excess imidazole exists CH3\ (o
in equilibrium between high and low spin states with
the same chemical structure at ambient temperature.g) CH3\\ /, /,CH3
Therefore we have tried to identify the high spin spe- Ho2 (CH2
cies with a different chemical structure and clarify %g &S
the equilibrium between the high and low spin species. CH3O%%E2 HEEE%PCH3
Hemin I was synthesized according to the method of
Momenteau,7) and purified by a silicagel column with a Ti:VH H
methanol-chloroform solution (1:5, v/v). Hemin 1
Magnetic circular dichroism spectra(MCD) were recorded on a JASCO Model J-500
spectrodichrometer with a DP-500 data processor. Nuclear magnetic resonance (NMR)

spectra were obtained with a Bruker Model CXP-300 spectrometer with a variable
temperature accessory Model B-VT-2000 which has the proton resonance frequency at

300.066 MHz.
The equilibrium reaction was explored through the variation of the magnetic
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susceptibility determined by the Evans methodlO by using hexamethyl disiloxane as

the standard substance in the temperature range from 260 ~ 314 K. After correction
of the concentrations by estimation of the volume change, 1 the following two

equations were used to determine the molar susceptibility (x,,; emu) and the square
p XM q

of effective magnetic moment (ueffz; (B.M.)Z),lZ)
Xy = (3/4m) (Av/v) (1000/c) + XoM - Xp (1)
2 _ 2
Mopg = (2.83)° x, T

where Av is the difference in the resonance frequencies between the solution and
the solvent (in Hz), ¢ is concentration of hemin I (in mole dm-3), X 1is the mass
susceptibility of the mixed solvent of deuterated methanol and chlorgform (2:1, v/v)
(-0.015 x 10_6 emu) , M is the molecular weight of hemin I, Xp is the diamagnetic

susceptibility of hemin I (-507.8 x 10_6 emu) and T is the absolute temperature (in

K).l3—15)

Fig. 1 demonstrates the temperature

20

dependence of the MCD spectra for hemin I in
methanol solution. The peaks from 450 ~ 550

nm and the trough around 570 nm are attribut-

able to the low spin component, and the trough
from 595 ~ 645 nm is due to the high spin com-
ponent. The MCD magnitude of the high spin
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component decreased with lowering tempera- -20}

ture, while that of the low spin component

increased in concomitant with this change. 450 550 5&) 500 550
Fig. 2 shows the lH NMR spectra for hemin A/ om

I in a mixed solvent of deuterated methanol
and chloroform (2:1, v/v) at 297 K. The peaks Fig. 1. MCD spectra for hemin I in

] , . . _ methanol solution at 317 (: ) and
in the lower field (75 n~ 35 ppm) is attribut 250 (-—--) K,in the henin concentration
able to the high spin component (the peaks of 3.03 x 10 * mol.dm .
xz’ﬂww“@hfwﬂﬁkvﬁh“
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Fig. 2. 1H NMR spectra for hemin I in the ggxed solygnt of CD,0D and CDC1l, (2:1,v/v)
at 297 K in the hemin concentration of 2.14 x 10 ~ mol dm ~. The cﬁemical shif% is that from

TMS.
from 75 v 65 ppm are possibly assigned to the porphyrin ring methyl proton signals),

while the peaks from 25 ~ 10 ppm is due to the low spin component. High spin peaks

decreased by about one third with lowering temperature from 297 to 264 K (not shown).
The values of Xy detfgmined by the Evans method are shown in Fig. 3. They

show a minimum (2.52 x 10 emu) at about 273 K, and increase with both increase
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and decrease in temperature. The values of

2 calculated by the equation (2) approached

Heff
a constant value in

. 2
K (Fig. 3). The Xy and Vofg

strate that hemin I

the temperature below 268
values demon-

exists essentially as the
low spin state with very small amount of high

spin species in the temperature below 268 XK.

If we take the values 5 and 35 as the ueffz
values, respectively, for pure low and high
spin species and o and 1 - a for the low and
high spin fractions at each temperature, the
following equations will hold

5a+35(1 - a) (3)

a/(1 - a) (4)

the equilibrium constant for the

il
—Fe

!

im

low spin

1]

Veff
K

where K is

reaction

Im K
—_ F!eé -
Im =
high spin

(5)

According to the Arrhenius relationship the

equilibrium constant K can be written as
K = A exp(e/kT) (6)
or 1nK = 1nA + e/kT (7)

where € is the energy difference between the
high spin and the low spin species per mole-
cule. The values K determined from equations

3 and 4 were plotted as a function of the
inverse of the absolute temperature in Fig. 4.
The linear relation between K and 1/T indicates
that the temperature dependence of ueffz is due
to the change between two species. The slope
and intercept at 1/T = 0 in the plot yielded
the values 3.8 x 10720 7 and 1.9 x 1073
€ and A, respectively. Using these values and
the relations AH®° = -N+e and AS° = N-k-1lna,

one could calculate the standard enthalpy

for

change (AH°) and the entropy change (AS°) as
~11 x 10° J mol™! and -52 3 k™! mo17L.

The temperature dependence of the MCD
spectra together with that of the NMR spectra

1407
E 30 f ‘\‘ 47 ~
o v"’ P
N . -]
% N N
A
b3 e
28 25 | q:\\‘“’)/ {s
2 L L 5
'03.0 35 L0
Lo i
T
Fig. 3. The temperature dependence of

the molar susceptibility (xM) and the
squarg of effective magnetic¢ moment

(u ) for hemin I in the mixed solvent
ofeEBSOD and CDC1, (2:1,v/v) at tge
hemin ggncentration of 2.12 x 10~

mol dm ~.
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Fig. 4. The temperature dependence of

the equilibrium constant (K) for the
reaction between the high and the low
spin species calculated from the data
shown in Fig. 3.

indicates that there exists an equilibrium between a high spin component and a low

spin component.

The NMR spectra for the high spin species in the solution of hemin

I have been detected as separate peaks, while the high spin component of metmyo-

globin imidazole could not be detected as separate peaks (the NMR peaks appeared at

the position of the weighted sum of those of the low and the high spin components).
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Therefore the rate of exchange between the high and the low spin species should be
slower than the 300 MHz lH NMR time scale (ca. 10_4 s) for the hemin I system,
while for the metmyoglobin system it is faster than the NMR time scale. This sug-
gests that the high spin component in the solution of hemin I should be one with

a different chemical structure. The spin equilibrium with the same chemical struc-

9)

ture such as that found in metmyoglobin imidazole has been excluded also from the

temperature independence of the square of effective magnetic moment in the solid

6)

state where no chemical equilibrium can be expected.l As for the structure of
the high spin species in hemin I we tentatively consider a five-coordinated deutero-
hemin with one imidazole coordinated as shown in equation (5). The other imidazole
in hemin I seems to have some interaction with the heme iron, since the deutero-
hemin with one imidazole covalently bound to the porphyrin ring exhibited a differ-
ent lH NMR spectra (the porphyrin ring methyl proton at 40 ppm in the similar sol-
vent system (not shown)) from those for the high spin species in the solution of
hemin I. Since the low spin species should correspond to the six-coordinated
deuterohemin (bis (imidazolato)deuterohemin), this paper will be the first report on
the equilibrium constant (and the thermodynamic parameters) of the reaction between
the five-coordinated and six-coordinated hemins with respective one and two imida-
zole(s) as axial ligand(s).

The standard enthalpy and the standard entropy change for the equilibrium
between the high and low spin species show some differences between the reaction in
hemin I and that in metmyoglobin imidazole(AH°=—21xlO3 J mol—l,AS°=—l37 J K—l mol_l

the values in the reference 9). However the direct comparison can not be made

’

because the contribution from the protein in the latter system may be significant.
In conclusion MCD and NMR spectra for the solution of hemin I revealed the
existence of the equilibrium between the high spin (the five-coordinated) and the
low spin (the six-coordinated) chemical species. The equilibrium constant and the
thermodynamic parameters for the equilibrium will be the first ones determined
accurately for the reaction between the five- and the six-coordinated hemin com-

plexes with one and two imidazole(s) as axial ligand(s).

This work was supported in part by Grant-in-Aid for Scientific Research of the
Japanese Government.
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