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solution for studies by conventional spectroscopic
methods.

MP8 as a good model for the coordination and reactivity
studies on hemoproteins: The H,O molecule coordinated
in the sixth axial position of the iron atom of MP8 can
readily be replaced by a variety of exogenous ligands. In
fact, most studies on the substitution reactions of this

ligand have focussed on the ferric state of
microperoxidase. Several ligands like cyamde™, imidazole
and its  derivatives”,  pyridine and  its

derivatives™, ammonia and primary amines™, thiolates!""
and N-aryl-N'-hydroxyguanidines! bound to the iron and
form low spin MP&Fe" complexes. The weaker field
ligands like N, lead to an equilibrium between two
high-spm (5=5/2) and low-spin (5=1/2) complexes. Fmally
anions such as fluorine™?, thiocyanate!! and the alcchol
group of quinine"” lead predominantly to high spin
complexes.

In the case of ferrous microperoxydase 8 only a few
complexes have been reported so far with: CO!?, NOI,
imidazole™”, lysine and N-acétylméthionine'”, which all
are low-spin hexacoordinate iron (IT) complexes. In
addition, MP8 has also recently been shown to be able to
oxidize N-monosubstituted hydroxylamines with formation
of very stable iron (IT)-nitrosoalkane complexes™™.

Furthermore the distal axial H,O ligand of the heme
ron can easily be also exchanged for an oxygen donor
such as H,0,, leading to the formation of highly oxidized
intermediates responsible for two types of catalytic
reactions, a peroxidase-like and a monooxygenase-like
reaction. Indeed, first of all, MPR is able to perform the
oxidation of several typical peroxidase co-substrates like
ortho-diamsine’®!,  2,2'-azinobis(3-ethylbenzothiazcline)
-6-sulfonic acid (ABTS)*, guaiacol™ and to catalyze the
nitration of phenol™ by H,0/NO; as well as the
formation of mtrogen oxides from the oxidation of
N-hydroxyguanidines™. Second, MP8 alsc catalyzes the
para-hydroxylation of amline™, the
sulfides™™, the monooxygenation of polycyclic aromatic
compounds™ and the N-dealkylation of aromatic amines
and the O-dealkylation of aromatic ethers™).

Finally the aforementioned paragraph shows that,

S-oxidation of

thanks to the ease of exchange of the endogenous water
molecule with a large variety of ligands, MPg not only
displays a very rich coordination chemistry both of
iron (IT) and iron (TI1T) but (Fig. 2) is also able to catalyze
numerous oxidation reactions which are usually catalyzed
by  hemoproteins peroxidases
monooxygenases. This minienzyme thus appears as a
very good water soluble mimick for hemoproteins.

such as or
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MP8 as an interesting cofactor for selective and efficient
biocatalyst: catalytic antibodies: With the advent of
catalytic antibodies, the association of a metalloporphyrin
cofactor with monoclonal antibodies to obtain new
artificial hemoproteins which we named " hemoabzymes”,
appeared as a promising route to models for hemoproteins
like peroxidases and to catalysts tailored for selective
oxidation reactions. The first strategy for obtaimng such
artificial hemoproteins has been to produce antiporphyrin
antibodies raised  against  various free-base,
N-substituted-, Sn-, Pd, or Fe-porphyrins™. Five of them
exhibited m the presence of the comresponding
Fe-porphyrin cofactor a significant peroxidase activity
with K./K, values rtanging between 3.7 x 10° and
29x 10° M 'min "™ This value remained however
low when compared to  that of  peroxidases
(K./Ky = 6.1 x 10° M~ min™")*. The relatively low
efficiency of those porphyrin-antibody complexes was
probably due, at least in part, to the fact that no proximal
ligand of the iron has been induced m those antibodies.
To avoid this problem we decided to use as a hapten
microperoxidase 8 in which the imidazole group of His 18
acts as the fifth axial ligand of the won A set of 6
monoclonal antibodies was thus obtained and the best
peroxidase activity, found in the case of the complex of
MP& with one of those antibodies, 3A3, was characterized
bya KwKwu value of 2 x 10° M 'min ', which
comstituted the best one ever reported for an antibody-
porphyrin complex™” .

Active site topology studies suggested that the
binding of MP8 occurred through interactions of its
carboxylate substituents with amino acids of the antibody
and that a partial steric hindrance of the distal face of the
heme of MP8 was brought by the antibody protein'™.
This observation suggested that the 3A3-MP8 complex
could be of interest for the selective catalysis of oxidation
reactions. Since in addition, it was shown that the
antibody protein protected MPE against oxidative
degradations, the 3A3-MP8 complex was assayed as
catalyst for the regioselective nitration of phenol
derivatives by NO, /H,0, and for the stereoselective
oxidation of sulfides. It was first shown that 3A3-MP8
was a more efficient catalyst for the nitration of phenol by
NO,/H,O, than MP& alone and that it also induced a
regioselectivity of the reaction in favor of the formation of
2-nitrophenol™. Furthermore, the influence of the
antibody on the stereoselectivity of the S-oxidation of
sulfides was examined more recently. Our results showed
that MP8 alone and the antibody-MP8 complex catalyzed
the oxidation of thioamsole by H,0, and tert-butyl
hydroperoxide, following a peroxidase-like two-step
oxygen-transfer mechamsm mvolving a radical-cation



J. Biol. Sci., 5: (1) 44-49, 2005

The Glu
Cgs\l_m/ vl coon
Al Gin
-H
N~ &, 2
—
ﬁ N
8 COOH
COOH
Fig. 1: Structure of microperoxidase 8
coo- coo~
His 18 His 18
D e [
4—
NH,' NH,'
HO L
MPS8 Fe

0=3| L=CN_, ImH, Py, NH,, RNH,, RS , R,, -R,, -N-C(=N-OH)-NH, 5=112
LN, stz & s=sn
L~F ,8CNROH  §=512

=2 L~CO, NO, ImH, Lysine, N-acetylmethionine, R-N~C

Fig. 2: Complexes of won(Il) and won(II)-microperoxidase
8 with various ligands.
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Fig. 3: Oxadation of various substrates by H,0O, catalyzed
by microperoxidase 8.

mtermediate (Fig. 3 and 4). The best system, associating
H,0, as oxidant and 3A3-MP8 as a catalyst, in the
presence of 5% tert-butyl alcohol, led to the
stereoselective S-oxidation of thicanisole with a 45%
enantiomeric excess in favour of the R isomer™. This
constitutes the highest enantiomeric excess reported to
date for the oxidation of sulfides catalyzed by catalytic
antibodies with a peroxidase activity.
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Fig. 4: Selective oxidation of substrates by H,O, catalyzed
by MPg-antibody complexes.

MP8 as a biosensor for the detection of molecules of
biological interest at the surface of electrode: Thanks to
the binding properties of its iron atom described in the
first paragraph of this manuscript, a new biomedical
application has been found for MPR as a biosensor for
molecules of biological mterest. The principle of this
method 1s based on the immobilization of MP8 at the
surface of an electrode, in such a way that the 6th
coordination position of the ron may be accessible to
ligands and, then, on the measurement of the variations of
the redox potential and of the current intensity induced by
the binding of a ligand on the iron. At least three
strategies may be envisioned to immobilize MP8 at the
surface of an electrode (Fig. 5) : a simple adsorption at the
surface of a roughened electrode, the covalent binding on
a monolayer of functionalized thiols at the surface of a
gold electrode and the covalent binding through an amide
bond te a polypyrrole film grown at the surface of a
carbon or a gold electrode.

The first
microperoxidase ® was adsorbed at the surface of a
roughened silver electrode in order to provide a new
supported biomimetic system for hemoproteins™”
(Fig. 5A). A combination of two techniques was used to
study properties:
electrochemistry and Surface Enhanced Resonance
Raman (SERR) spectroscopy. This allowed to show that
microperoxidase & could be adsorbed as a monolayer at
the surface of the roughened silver electrode, where 1t
could underge a reversible electron transfer. Under
those conditions, a redox potential of —0.4 V vs. SCE
(-0.16 V vs. NHE) was measured for MPE, which was
almost identical to that reported for N-acetyl-MP& in
aqueous solution. In addition, whereas MP8 appeared to
aggregate in solution and led to a mixture of high spin
penta-coordinated (5¢HS)- and low spin hexa-coordinated
(6cL.3) iron (IMT) or iron (IT) species, it was recovered
almost exclusively as a monomeric high-spin penta-
coordinated species at the surface of the electrode,

strategy  was already used and

its rtedox and coordmation
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