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A photoreactive organic polymer was prepared by oxidative
electrochemical polymerization of a pyrrole-benzophenone
derivative on conductive surfaces; the resulting polypyrrolic
film allowed, upon irradiation, the reagentless covalent
grafting of proteins.

Deposition of biological macromolecules with controlled
spatial resolution is the subject of increasing research efforts
owing to its potential application in the field of biochips and
miniaturized biosensors. Among the conventional immobiliza-
tion methods, photopatterning has been widely used for the
fabrication of bioanalytical devices.® Actually, immobilization
of biomoleculesby light istopically addressable and compatible
with biological functions. In addition, this reagentless approach
based on a light-induced reaction between a photoreactive
group and C—H bonds, is easily applicable to awide variety of
biomolecules.26 However, photoimmobilization previously
required theimmobilization of ahighly uniform and fully active
layer of photoreactive groups on transducer surfaces.

Among the conventional procedures of surface functionaliza-
tion with molecular reagents, only the electrochemical deposi-
tion of organic polymers allows the reproducible functionaliza-
tion of conductive microsurfaces of complex geometry with a
precise spatial resolution.” In addition, the electrogeneration of
polymer films that is compatible with bulk manufacturing
procedures, provides densely packed multilayers of active
species. The quality of the latter (absence of defects and
chemical stability) constitutes an attractive advantage for the
regularity at the molecular level of additional functionalization
of the electrode via the polymer film. This communication
describes a new photo-electrochemical method for the im-
mobilization of biological macromolecules which combinesthe
advantages of photolithography with those of the electro-
chemical addressing of polymer films.

We report herein the first successful synthesis and electro-
polymerization of a benzophenone derivative and the use of the
resulting polypyrrole film for the photoimmobilization of
biomolecules (Scheme 1).

In this study, the pyrrole monomer (1) functionalized with a
photoreactive benzophenone group was prepared by the
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Scheme 1 Schematic representation of the photoactlvatlon of an electro-
generated poly(pyrrole-benzophenone) film for the grafting of bio-
molecules (BM).

414

CHEM. COMMUN., 2003, 414-415

An electrogenerated poly(pyrrole-benzophenone) film for the
Laboratoire d’Electrochimie Organique et de Photochimie Redox (UMR CNRS 5630), Université Joseph
Fourier, B.P. 53, 38041 Grenoble cedex 9, France. E-mail: serge.cosnier @ujf-grenoble.fr; Fax: 33 4 76 51

Received (in Cambridge, UK) 21st November 2002, Accepted 16th December 2002
First published as an Advance Article on the web 10th January 2003

esterification of the 3-benzoylbenzoic acid with the 1-(3-hy-
droxypropyl)pyrrole using the carbodiimide method.2 The
pyrrolic benzophenone was purified by silica gel chromatog-
raphy and characterized by H1 NMR and IR spectra as well as
by ElI mass spectrum.® The electrochemical behavior of the
pyrrole benzophenone 1 (2.0 X 10—3 M) was investigated by
cyclic voltammetry in CH3CN containing 0.1 M n-BuyNCIO,.
Upon reductive scanning with a sweep rate of 0.1 V s—1, the
cyclic voltammogram displays areversible peak system (—1.96
V vsAg/Ag* 1.0 X 10-2 M in CH3CN) due to the one-€lectron
reduction of the carbonyl group (Fig. 1).
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Fig. 1 Cyclic voltammogram recorded at a platinum electrode (diameter 5
mm) of 1in CH3CN + 0.1 M nBuy NCIO,. Scanrate 0.1V s—1.

Upon oxidative scanning, an irreversible peak is observed at
1.06 V corresponding to the oxidation of the pyrrole group.
Electropolymerisation of 1 (3.0 X 10—3M) was accomplished
by repeated potential cycling over the range 0-0.86 V (Fig.

2).

The appearance and the continuous growth of a reversible

oxidation wave at 0.32 V clearly indicate the formation of a
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Fig. 2 First 12 scansin the oxidative electropolymerization of 1 (3.0 X 10—3
M) in CH3CN + 0.1 M nBug NCIOy; scan rate 0.1V s—1.
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polymeric coating on the electrode surface. The resulting
electrode was transferred after thorough rinsing to a CH3;CN +
0.1 M nBus NCIO, solution free of monomer 1.

As expected the cyclic voltammogram of this electrode
exhibits two reversible peak systemsat Ey;, = 0.32V and Ey)»
= —2.00V assigned to the oxidation of the polypyrrolic matrix
and to the one-electron reduction of the polymerized benzophe-
none groups respectively (Fig. 3).
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Fig. 3 Cyclic voltammogram of the polymerized 1 (I';, = 1.8 10-8 mol
cm—2) in CH3CN + 0.1M nBuy NCIO,4 scan rate 0.1V s—1.

Among the photoreactive groups applicable for the photo-
immobilisation, benzophenone has been widely used due to its
chemical stability and the low energy required for its activa-
tion.>6.10 | n particular, the excited triplet state of benzophenone
was generated by irradiation at wavelengths = 350 nm that are
compatible with most biological macromolecules. Since the
photoactivation of benzophenone leads to a radical-mediated
bond formation with a variety of substrates, the possibility of
generating covalent linkages between the poly 1 film and target
biomolecules upon irradiation was investigated (Schemel).

Illumination experiments were performed in the presence of
bovine serum abumin (BSA) as the model protein.1l After
irradiation, the resulting electrode was thoroughly washed and
transferred into CH3sCN + 0.1 M nBusNCIO, to examine the
electrochemical behavior of theirradiated poly 1 film. It appears
that the reversible system at E;;» = — 1.96 V corresponding to
the formation of the benzophenone radical anion presents only
ca. 56% of itsinitial current intensity. In order to determine the
presence of photochemically grafted BSA molecules on the
poly 1 film, the mass-transfer process through the polymer was
examined in acetonitrile solution by rotating disk electrode
voltammetry with decamethyl ferrocene (DmFc) as a bulky
electroactive probe. As expected, the permeability of the
polypyrrolefilm for DmFc decreasesfrom 2.1 X 10410 6.2 X
10-5 cm s—tillustrating the steric constraints generated by the
light-induced attachment of BSA moleculesto the polymerized
benzophenone groups. It should be noted that the same
experiment carried out with a nonirradiated poly 1 electrode
does not lead to a decrease in DmFc permeation through the
polymeric film. The IR spectrum of the poly 1 film showed
before the irradiation step, identical main peaks than the
monomer 1 due to pyrrole, ketone and ester stretching. In
contrast, the irradiated electrode presents three main broad IR
bands centred on 3350, 1670 and 1550 cm—1. The latter are
similar to those observed for the IR spectrum of BSA, namely
3500, 1690 and 1550 cm—1 (amide absorption bands) and hence
indicate the successful photografting of the protein.

In order to corroborate the photoimmobilization of protein on
the functionalized polypyrrole film, two poly 1 platinum

electrodes were soaked in an aqueous solution of glucose
oxidase (GOX), one being irradiated and the other being in the
dark. In the presence of oxygen this enzyme catalyzes the
oxidation of glucose and the production of H,O,. Consequently,
the presence of immobilized GOX was detected through the
electrochemical oxidation of H,O, at the underlying electrode
surface.12 The maximum current density (Jmax) determined at
glucose saturating conditions was markedly higher for the
irradiated poly 1 electrode (5.5 uA cm—2) than for the electrode
unexposed to light (1.4 uA cm—2). Since Jnax IS directly
proportional to the enzyme loading, this difference clearly
indicates that the photografting process|eads to the immobiliza-
tion of a higher amount of GOX than a simple non-specific
adsorption. In addition, the comparison between this value and
the Jnax value (3.7 nA cm—2) corresponding to a mono-
molecular layer of biotinylated GOX immobilized via avidin—
biotin bridges,13illustrates the efficiency and the non-denaturat-
ing character of the GOX attachment by irradiation.

The results described herein demonstrate the easy and
electrochemically controlled elaboration of a polypyrrolic film
exhibiting photografting abilities for biomolecule immobiliza-
tion. This grafting technique can be useful for supporting
bioactive material but could affect its 3D structure. The
usefulness of the method, consequently, may be hampered by a
loss of biologica activity that must be controlled in each
case.

The authors are grateful B. Galland for technical assis-
tance.
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