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Abstract

Changes in the UV-—Vis spectrum of (tspc)-
Fe(IlT)—apoMb by the addition of KCN indicates
the changes in spin states of iron. The rate constant,
Kons: Of autoxidation of (tspc)Fe(I)—apoMb was
measured to be 2.93 £0.05X107° s7 at 25 °C and
pH 7.6. The dependence of k,,s on [H'] was sug-
gested by the following rate equation:

Kobs = ki [H'] + kg

The values of k; and k., were calculated to be
224002 X10* M s! and 3.01 £0.04 X107°
s, respectively. The equilibrium binding constant
(kg = k_1/k;) for the distal histidine in (tspc)Fe(II)—
apoMb was found to be 74.4 nM at 25 °C. Thermo-
dynamic parameters for autoxidation of (tspc)Fe-
(II)—apoMb were calculated by Eyring equation and
found to be AH*=19.1 £0.2 kcal/mol and AS* =
-13.7+0.7 e.u.

Introduction

Derivatives of myoblogin and hemoglobin, with
substituted phthalocyanine metal complexes, binds
reversibly with molecular oxygen [1-5].

The photochemical electron transfer properties
of phthalocyanine complexes with cobalt and iron
have been studied extensively [6—10]. I have
reconstituted iron phthalocyanine complex with
apomyoglobin and studied its ligand binding and
autoxidation properties by visible spectroscopic
methods.

* Abbreviations used are: (tspc)Fe(Il)—apoMb, tetra sul-
phonated phthalocyanine iron(II)—apomyoglobin; e.u.,
entropy unit,

**Present address: Department of Biochemistry, State
University of New York at Stony Brook, N.Y. 11794-5215,
US.A.
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Experimental

Analytical grade reagents and NANO pure water
were used in all the experiments.

Reconstitution of (tspc )Fe( Il )—apoMb

(tspc)Fe(lll) was reduced to (tspc)Fe(Il) with
ascorbic acid in 1:1 stoichiometry and purified on
Sephadex G-25 column prior to use. The solution
containing 10 pM apoMb and 11 uM (tspc)Fe(ll)
were mixed in 250 ml of 0.1 m sodium phosphate
buffer (pH 6). The mixture was stirred for 1 h under
nitrogen gas at 4 °C. The solution was concentrated
to 3 ml and passed through a Sephadex G-50 (2.5 X
45 cm) column, which was equilibrated with 0.1
M sodium phosphate buffer (pH 6) at 4 °C. The
fractions containing metalloprotein were identified
with UV and visible spectroscopy and dialysed
against number of changes of distilled water and
finally in 5 mM sodium phosphate buffer (pH 6)
at 4 °C. The dialysed solution was adsorbed on CM-
52, cation exchange column (1.5 X10 cm), equilib-
rated with 5 mM sodium phosphate buffer (pH 6)
at 4 °C. The colum was washed five times with the
same buffer. The adsorbed metalloprotein was
eluted with a potassium phosphate buffer whose
concentration was increased graduvally from 5 mM
to 200 mM at pH 6 and temperature 4 °C The
fractions containing metalloprotein were concen-
trated and used for physical studies.

Spectrophotometric measurements were made
with Cary-219 and Shimadzu UV-250 recording
spectrophotometer equipped with thermostatic
assembly. The kinetic measurements were carried
out with Shimadzu UV-250 spectrophotometer in
a thermostatic cuvette control. The change in the
absorbance was monitored at 630 nm for the
photochemical, ascorbic acid reductions, peroxo
and cyanide complex formation. The autoxidation
was monitored at 672 nm. The samples were prep-
ared just before use. The stock solution of (tspc)-
Fe(I)--apoMb (100 uM) was diluted with 3 ml
buffer of appropriate pH and 1-cm optical path
length celi was used for all the measurements. The
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TABLE I. First Order Rate Constant (k,p,g) Measured for Autoxidation and Peroxo—Complex Formation of (tspc)Fe(ll)—apoMb

and Reduction of (tspc)Fe(III)—apoMb by Ascorbic Acid

Condition?

10° Xkops (5D

Photochemical reduction of (tspc)Fe(IlI)—apoMb (6 uM) by 2 eV photon energy plus 10% of 100 W

bulb of incandescent light measured at 630 nm

Reduction of (tspc)Fe(1lI)—apoMb (6 uM) by ascorbic acid (4 mM) measured at 630 nm
Peroxo-complex formation with H,0, (4 mM) and (tspc)Fe(IIl)—apoMb (6 pM) measured at 630 nm
Ligation kinetics of (tspc)Fe(llI)—apoMb (6 uM) with KCN (1 mM) measured at 630 nm
Autoxidation of (tspc)Fe(II)—apoMb (10 uM) measured at 672 nmP®

2.93 £ 0.05
9.62 £ 0.04
9.61 = 0.02
11.33 £ 0.08
4.57 £ 0.08

®[n all experiments buffer contained 0.1 M sodium phosphate (pH 7.6) at 25 °C.

concentration of the protein was calculated by
the known absorptivity coefficient [11]. The first
order rate constants (k) were calculated by the
linear plot of In (OD; — OD,) versus time (¢). OD,
was recorded after the reaction run for 24 h. The
plots were found to be linear over the 75% of the
reaction.

Results and Discussion

A mechanism was proposed for the formation of
(tspc)Fe(Il)—apoMb complex, on the basis of fast
coordination from the proximal histidine imidazole
(no. 93) to the iron atom and slow rate determining
step involves the charge transfer from the distal
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Fig. 1. Typical spectrum for ligand binding to (tspc)Fe(II)—
apoMb (16 pM) with KCN (80 uM) at 25°C and 0.1 M
sodium phosphate (pH 7.6). (a) no KCN; (b) 30 min after
the addition of KCN; (¢) 90 min; (d) 180 min, and (e) 300
min.

pr was 7.

histidine imidazole (no. 64) to the central Fe(IIl)
ion [12,13].

The time course spectra of ligand binding with
(tspc)Fe(I)—apoMb is shown in Fig. 1. The spectro-
scopic changes suggests that iron changes the spin
states while coordinated with cyanide ion.

The rate of the photochemical reduction of (tspc)-
Fe(IIT)—apoMb at an ambient condition of energy,
which involve the slow rate determining step of
charge transfer from ligand to the metal and was
found to be 2.93+0.05X107° s at 25 °C and 0.1
M sodium phosphate (pH 7.6).

The autoxidation reaction of (tspc)Fe(Ill)—apoMb
was studied through four half lives. The rate
constants were calculated from the slopes of linear
plots of In (OD; — OD,) versus time (¢) and shown
in Fig. 2. The rate constant was measured at various
concentrations of hydrogen ion and at different
temperatures. On the basis of dependence of the first
order rate constant, ko, on [H'] (Fig. 3), the fol-
lowing mechanism was proposed.
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Distal histidine No. 64

and

ka=k.a/k 2)
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Fig. 2. Kinetic plot for autoxidation of (tspc)Fe(II)—apoMb
(10 uM) at 25 °C and 0.1 M sodium phosphate (pH 7). kyps
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Fig. 3. Dependence of first order rate constant, kqpg, on [H']

for autoxidation of (tspc)Fe(II)—apoMb at 25 °C and 0.1 M
sodium phosphate.

The parameters calculated on the basis of equation
1are k; =224 +0.02X10°M s and k_; =3.01 +
0.04 X107 s'. The dissociation constant (k) for
distal histinine of (tspc)Fe(II)—apoMb was found to
be 74.4 nM.

The temperature dependence for the rate
constants of autoxidation of (tspc)Fe(I)—apoMb
is shown in Fig. 4. The thermodynamic parameters
were calculated by the Eyring equation.

koos(T) = (RT/Nh) exp(AH*/R(T) + AS*/R)  (3)
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Fig. 4. Temperature dependence of first order rate constant
for autoxidation of (tspc)Fe(II)—apoMb in 0.1 M sodium
phosphate (pH 7).

The thermodynamic parameters were found to
be AH*=19.110.2 kcal/mol and AS*=-13.7¢
0.7 e.u. for the autoxidation of (tspc)Fe(II)—apoMb.
The negative value of entropy suggests the high
activation transition energy of unimolecular oxida-
tion of (tspc)Fe(I)—apoMb.
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