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Formation of a highly fluorescent composite formed from
the biotinylated PPE 3 and streptavidin covered polystyrene
microspheres is reported.

Conjugated materials are valuable sensors1 that just begin to
penetrate the biological world.2 Spectacular examples are the
sensing of DNA strands by cleverly designed polythiophenes,
water soluble polyparaphenylenvinylene derivatives,3–5 and the
use of polydiacetylene vesicles for toxin detection.6

Efficient fluorescence7 and chromic behavior8 make poly-
(paraphenyleneethynylene)s (PPE) attractive as candidates in
sensory schemes1 and water soluble PPE-derivatives are
known.9 However, PPEs substituted with biogenic moieties are
largely uncharted waters,5,10 and we were interested in a biotin-
substituted PPE as a model compound to study interactions of
suitably functionalized conjugated polymers with bacterium. In
this study, a streptavidin coated polystyrene bead is a primitive
model for a cell/bacterium and the biotin/streptavidin inter-
action mimics the recognition process between conjugated
polymer and a “cell surface”. To obtain a biotinylated PPE, the
polymer 111 was dissolved in dry THF and treated with the
biotin-attached acid chloride 212 at 0 °C (Scheme 1).† The acid
chloride 2 was prepared according to literature procedures.
After allowing the reaction mixture to reach ambient tem-
perature stirring was continued for 4 h. The reaction mixture
was precipitated into 250 mL of methanol under vigorous
stirring. The polymer 3 was isolated by suction filtration, re-
dissolved in 1 mL of THF and precipitated into water to remove
all excess of biotin. The successful biotinylation was qual-
itatively evidenced by IR spectroscopy of the polymer 3, while
its approximate degree of biotinylation was determined by an
agglutination assay utilizing free streptavidin.

Based upon this assay every 15th to 20th monomer unit in the
PPE chain (Pn = 140, gel permeation chromatography) was
biotinylated. As a consequence only 7–14 biotin units are
attached to a single polymer chain. This low “loading” of the
PPE made it impossible to evidence the presence of biotin by 1H
NMR spectroscopy. However, the agglutination studies showed
convincingly the presence of biotinylated PPEs.

It was of interest to see if the biotinylated PPE 3 and its
precursor 1 would behave differently when exposed to strepta-
vidin-coated microspheres. In a first experiment polymer 1 was
mixed with streptavidin-covered microspheres. Fig. 1 (right)
shows that the polymer solution is unchanged and does not alter
its emission color. If a solution of 3 was mixed with a
suspension of streptavidin-coated microspheres (Fig. 1, left),
the polymer precipitated out as a consequence of the tight
binding of the polymer bound biotin to the immobilized
streptavidin. The precipitate obtained by the reaction of 3 with
streptavidin-coated beads was examined by fluorescence mi-
croscopy (Fig. 2a,b,d). The formation of dense “mats” of beads
was observed. Surprisingly the beads appeared both blue and
red fluorescent when viewed through a DAPI or Texas Red
filter respectively (Fig. 2a,b). Preparations of polymer 1
exposed to streptavidin beads produced isolated islands of
fluorescence upon co-evaporation under otherwise identical
conditions. The isolated islands of PPE-fluorescence are only
visible under a DAPI filter, while under a Texas Red filter the
sample is non-fluorescent. PPE aggregated onto spheres
therefore has a measurable fluorescence in the red, while the
PPE itself in the solid state does not show this red-shifted
feature.

To explain this behaviour we took emission spectra of 3 in
solution, 1 with streptavidin in solution and the complex of 3
with streptavidin as a suspension. The change in fluorescence is
significant (Fig. 3) and the aggregation causes a disappearance
of the blue shoulder visible for (1 + streptavidin) and for
uncomplexed 3.

To get a better idea of the microstructure of this composite,
we performed scanning electron microscopy of the complex. In
Fig. 4a. the egg crate structure of the composite is visible. The
conjugated polymer covers the beads evenly giving testimony to

† Electronic supplementary information (ESI) available: experimental,
including details of preparation and spectroscopic characterization of all
new compounds and biotinylation assay of 3 by streptavidin. See http://
www.rsc.org/suppdata/cc/b3/b303700m/

Scheme 1 Synthesis of a biotinylated PPE

Fig. 1 Left: composite of polymer 3 and streptavidin-coated microspheres
agglutinated at the bottom of the Eppendorf cap. The blueish fluorescence
is innate to the Eppendorf cap. Right: control experiment in which polymer
2 and streptavidin coated microspheres are mixed. No agglutination is
observed.

Th is journa l i s © The Roya l Soc ie ty of Chemist ry 20031626 CHEM. COMMUN. , 2003, 1626–1627

D
O

I: 
10

.1
03

9/
b

30
37

00
m



the binding between biotin and streptavidin. In Fig. 4b. the 3D
arrangement of the polymer covered beads is apparent. The
control experiment (1 + streptavidin-coated beads) on the other
hand (Fig. 4c) does not show any defined structure, only islands
of polymer 1 are visible in the upper half, while three
streptavidin-coated beads are isolated in the lower half of the
picture.

In conclusion we have demonstrated that lightly biotin
functionalized PPEs form nanocomposites with streptavidin-
coated microspheres. This primitive system can be seen as a
model for the interaction of cells (emulated by the beads) with
functionalized conjugated polymers. This model could play an
important role in the simple, colorimetric or fluorimetric
detection of pathogens and toxins by PPE-types.
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Fig. 2 Fluorescence micrographs of a) aggregates of polymer 3 with
streptavidin-covered microspheres viewed under DAPI filter; b) same
preparation but viewed under Texas Red filter; c) control experiment: non
biotinylated polymer 2 co-preciptated with streptavidin-coated micro-
spheres viewed under DAPI filter. Viewed under Texas Red filter the same
preparation is non emissive. In a–c the base (width) of the picture is 250 µm;
d) magnified picture of the cemented microspheres. The base in d) is 165
µm.

Fig. 3 Emission spectra of 3, 1 with streptavidin and 3 with streptavidin
(suspension).

Fig. 4 Scanning electron micrographs of a) complex of 3 and streptavidin-
coated microspheres (18 µm 3 18 µm), b) same as in a) but with lower
magnification (53 µm 3 53 µm), c) control experiment in which non-
biotinylated polymer 2 is co-precipitated with streptavidin-coated micro-
spheres. There are no apparent interactions between polymer (islands on top
half) and microspheres (bottom white spots, size 452 µm 3 452 µm.). The
size of the microspheres is in all cases 5 µm.
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