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Fluorescence quenching effect of water-soluble anionic conjugated polymer (CP) (poly[5-methoxy-2-(3-
sulfopoxy)-1,4-phenylenevinylene] (MPS-PPV)) by [Re(N-N)(CO)s(py-CH,-NH-biotin)](PFs) [N-N=2,9-
dimethyl-4,7-diphenyl-1,10-phenanthroline; py-CH,-NH-biotin=N-[(4-pyridyl) methyl] biotinamide]
(Re-Biotin) and fluorescence recovery in the presence of streptavidin (or avidin) were investigated using
Re-Biotin as quencher tether ligand (QTL) probe. Meanwhile, the mechanisms of fluorescence quenching
and recovery were discussed to provide new thoughts to design biosensor based on water-soluble CPs.
The results indicate that the sensing mechanisms of streptavidin sensor or avidin sensor, using Re-Biotin
as QTL probe, are the same and stable, whether in non-buffer system (aqueous solution) or different buf-
fer systems [0.01 mol-L~! phosphate buffered solution (pH = 7.4), 0.1 mol-L~' ammonium carbonate buf-
fered solution (pH = 8.9)]. There exists specific interactions between streptavidin (or avidin) and biotin of
Re-Biotin. Fluorescence quenching and recovery processes of MPS-PPV are reversible. Mechanisms of Re-
Biotin quenching MPS-PPV fluorescence can be interpreted as strong electrostatic interactions and charge
transferences between Re-Biotin and MPS-PPV. Fluorescence recovery mechanisms of Re-Biotin—MPS-
PPV system can be interpreted as specific interactions between streptavidin (or avidin) and biotin of
Re-Biotin making Re-Biotin far away from MPS-PPV. Avidin or strptavidin as re-Biotin probe can not only
be quantitatively determinated, but also be identified.

Crown Copyright © 2013 Published by Elsevier B.V. All rights reserved.

Introduction

the US Department of Energy (DOE), Los Alamos National Labora-
tory, selecting biotin-avidin as ligand receptor theoretical model,

In 1999, a new bioprobe technique (quencher tether ligand,
QTL) based on water-soluble fluorescence conjugated polymers
(CPs) was establish in non-buffer system by Whitten et al. [1] from
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and a high sensitive biosensor detecting avidin was synthesized.
Since 2000, biosensor develops rapidly using water-soluble fluo-
rescence CPs as sensing materials. At present, it has become the
hotspot of biosensor area. Many scientists had summarized the
synthesis, properties and applications of some water-soluble fluo-
rescence CPs in the field of chemical and biological sensor [2-9].
Wang et al. [8,9] had summarized the research progresses of
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water-soluble fluorescence CPs in DNA, protein detection and sens-
ing, cell and cell fluorescence imaging, construction of biological
devices and so on. Furthermore, they forecasted that there must
be significant application in high sensitive diagnosis of early stage
of serious disease, drug design and individualized therapy.

At present, water-soluble fluorescence CPs have been applied in
DNA detection [3,6,8,10-26], DNA and enzymes [27], RNA-pro-
teins [28], proteins [29-33], antibodies of dinitrophenol derivative
[34], enzymes and enzyme activities [35-43], cell [44-47] and cell
fluorescence imaging [48-54] and so on. Although water-soluble
fluorescence CPs have been used as sensitive materials to detect
the biomacromolecular sensors above, their sensing mechanisms
have not been very clear. Dwight et al. [29] studied the action
mechanism among water-soluble anionic CP (poly[5-methoxy-2-
(3-sulfopoxy)-1,4-phenylenevinylene] (MPS-PPV)), biotinylated
quenching agent Q-B [N-(biotinoyl)-N'-(acetyl 4,4'-pyridylpyridi-
nium iodide)] ethylenediamine (BPP*)) and avidin in non-buffer
system (aqueous solution) and buffer system (ammonium carbon-
ate buffered solution of pH =8.9). Two sensing models were put
forward. In non-buffer system (aqueous solution), there is strong
fluorescence quenching of MPS-PPV by Q-B in the absence of avi-
din, while it can make Q-B far away from MPS-PPV in the presence
of avidin, so that the fluorescence of MPS-PPV can recover, which is
similar with the QTL model designed by Whitten et al. [1]. While in
the ammonium carbonate buffered solution of pH = 8.9, there is
weak fluorescence quenching of MPS-PPV by Q-B in the absence
of avidin, and the fluorescence quenching will be weaker in the
presence of avidin, which is different from the QTL model designed
by Whitten et al. Why the action mechanisms among water-solu-
ble anion CP MPS-PPV, biotinylated quenching agent Q-B and avi-
din are different in non-buffer system (aqueous solution) and
buffer system (ammonium carbonate buffered solution of
pH = 8.9)? Whether other buffer systems are the same as ammo-
nium carbonate buffer system? What are the action mechanisms
among different biotinylated quenching agent Q-B, MPS-PPV and
avidin?

Streptavidin (SA) is a kind of protein which has the similar
biological property with avidin (A). In practical application, the
detection sensitivity of SA is obviously superior to that of A [55].
SA has the same properties and application utility with A. One
molecular SA or A can combine with 4 moleculars biotin. Therefore,
biotin streptavidin system is constantly used to prepare biosensors
just as biotin avidin system (BAS).

The application of MPS-PPV in polylysine [56], NO sensor [57]
has been reported, as well as the influence of MPS-PPV fluores-
cence by various surfactants and metal ions [58]. Then the sensors
used for rapidly detecting noble metal Pd?*, Ru®*, Pt>* based on
MPS-PPV were prepared [59].

In this article, streptavidin sensor was prepared based on
water-soluble CP as sensitive material. In the experiments,
biotinylated Re (I) complex—[Re(N-N)(CO); (py-CH,-NH-bio-
tin)](PFg) [N-N=2, 9-dimethyl-4,7-diphenyl-1,10-phenanthroline;
py-CH,-NH-biotin=N-[(4-pyridyl) methyl] biotinamide] (Re-Biotin,
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Scheme 1. Chemical structure of Re-Biotin.

Scheme 1) was used as QTL probe. The experiments were com-
pleted according to the fluorescence quenching effect of MPS-PPV
by Re-Biotin and fluorescence recovery characteristic in the
presence of streptavidin (or avidin). And the mechanism of
fluorescence quenching and recovery was discussed. The results
show that the sensing mechanisms of streptavidin sensor and that
of avidin sensor are the same and stable, whether in non-buffer
system (aqueous solution) or different buffer systems
[0.01 mol-L~! phosphate buffered solution (pH = 7.4), 0.1 mol-L™!
ammonium carbonate buffered solution (pH = 8.9)].

Experimental
Apparatus and reagents

The pH was recorded with a PHS-3C precision pH meter. The
fluorescence emission spectra were measured on a LS 55 lumines-
cence spectrometer (Perkin Elmer Co.). MPS-PPV was prepared
according to Ref. [60]. Re-Biotin [61] was offered by Dr. Jinrong
Luo from City University of Hong Kong. Streptavidin, avidin, bovine
serum albumin (BSA) and protamine sulfate (PS) were purchased
from Sigama Co. and other reagents were domestic analytical re-
agents. Buffered solutions were 0.01 mol-L~! phosphate buffered
solution (PBS, pH=7.4) and 0.1 mol-L~! ammonium carbonate
buffered solution (pH = 8.9). The Milli-Q water was used as pure
water.

Fluorescence spectra measurement

The fluorescence intensity Iy was measured on a LS 55 lumina-
scence spectrometer (Perkin Elmer Co.). MPS-PPV solutions were
added into fluorescence cuvette, and the fluorescence spectra were
recorded with excitation at 387 nm and emission at 496 nm. Under
the same condition, the fluorescence intensities I were recorded
while adding various concentrations of Re-Biotin and the mixture
solutions of Re-Biotin and streptavidin (or avidin or other proteins)
into MPS-PPV solutions.

Results and discussion

Fluorescence quenching effect of MPS-PPV by Re-Biotin and
fluorescence potentiation of Re-Biotin—MPS-PPV System by
streptavidin in phosphate buffered solution (pH =7.4)

Fig. 1 is the fluorescence spectrum of 3.0 x 10™> mol-L~! MPS-
PPV in the absence and presence of Re-Biotin in 0.01 mol-L~! phos-
phate buffered solution. With the addition of Re-Biotin and
enlargement of its concentration, the fluorescence intensities of
the system gradually reduce and the peaks blue shift appear (from
496 nm to 465 nm). It was found that fluorescence of MPS-PPV
could be rapidly quenched while trace amounts of Re-Biotin tetra-
hydrofuran solutions were added to MPS-PPV solution. It indicates
that there exist strong electrostatic interactions between Re-Biotin
carrying a unit positive charge and anionic polymer MPS-PPV. At
the same time, electrons of anionic polymer MPS-PPV feedback
to d orbital of Re(I) of Re-Biotin (that is charge transferance). The
peaks blue shift may result from scattering peaks shaping from
MPS-PPV agglomerating superpose on fluorescence peaks because
of electrostatic interactions between Re-Biotin and MPS-PPV. The
illustration in Fig. 1 is Stern-Volmer chart of Re-Biotin quenching
MPS-PPV. The mechanisms of Re-Biotin quenching MPS-PPV can
be interpreted as the strong electrostatic interactions and charge
transferance between Re-Biotin and MPS-PPV [1,62,63]. Re-Biotin
quenches MPS-PPV fluorescence according to Stern-Volmer
equation:
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Fig. 1. Fluorescence spectra of MPS-PPV in the present of different quantities of Re-
Biotin Concentrations of Re-Biotin from a to f are 0, 1, 20, 30, 40 and 50 x 107° -
mol-L~!. Experiment condition: [MPS-PPV]=3.0 x 107> mol-L™!, T=298K,
[PBS]= mol-L™! (pH =7.4).

Io/I =1+ K [Re-Biotin]

where Iy and | are the fluorescence intensities of MPS-PPV in the ab-
sence and present of Re-Biotin, respectively, and [Re-Biotin] is the
concentration of Re-Biotin. The value of constant K, can reflect
the sensitivity of fluorescence quenching, and the quenching con-
stant (Ky,) of Re-Biotin to MPS-PPV is 2.0 x 10 mol-L™".

In Fig. 2, curve a is the fluorescence spectral curve of 3.0 x 107>
mol-L~! MPS-PPV in the presence of 5.0 x 1078 mol.L~! Re-Biotin
in 0.01 mol-L~! phosphate buffered solution (pH = 7.4). With the
addition of streptavidin and enlargement of its concentration, fluo-
rescence intensities of the system gradually increase and the peaks
red shift appear (from 465 nm to 496 nm). It was discovered that
fluorescence intensities of MPS-PPV rapidly recovered in the pres-
ence of streptavidin solution. It indicates that the reactions be-
tween Re-Biotin and streptavidin are fast and the action forces
are strong. Fluorescence intensities gradually increase and peaks
red shift are displayed maybe because specificity interactions oc-
cur between streptavidin and biotin of Re-Biotin in the presence
of streptavidin. Attenuation and disappearance of electrostatic
interaction between Re-Biotin and MPS-PPV result into the disper-
sion and disappearance of coacervated MPS-PPV. In Fig. 1, with
enlargement of Re-Biotin concentration, fluorescence intensities
of the system gradually reduce and the peaks blue shift occur (from
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Fig. 2. Recuperative fluorescence spectra of Re-Biotin—MPS-PPV in the presence of
streptavidin Concentrations of streptavidin from a to i respectively are: 0, 1.67, 3.34,
5.01, 6.68, 8.35, 10.02, 11.69 and 15.03 x 102 mol-L~'. Experiment conditions:
[MPS-PPV] =3.0 x 10~ mol-L™!, T=298 K, [PBS]=0.01 mol-L™! (pH=7.4), [Re-
Biotin] = 5.0 x 10~% mol.L~.

496 nm to 465 nm). However, with addition of streptavidin and
enlarement of its concentration, fluorescence intensities gradually
increase and the peaks red shift are displayed (from 465 nm to
496 nm). It indicates that in phosphate buffer system, fluorescence
quenching and recovery processes are reversible. So it can be in-
ferred that strong interactions between Re-Biotin and streptavidin
are benefit to develop reversible biosensor.

According to experiment method, different concentrations of
streptavidin were added into phosphate buffered solution of
3.0x 10> molL™" MPS-PPV and 5.0 x 10~ mol.L~! Re-Biotin
to test fluorescence intensity. It was discovered that with enlarge-
ment of streptavidin concentration, fluorescence intensities of the
system gradually increased, and it would not change (about 85% of
original intensity) until streptavidin reached a certain concentra-
tion. Plot a figure with concentration ratios of streptavidin and
Re-Biotin ([Streptavidin]/[Re-Biotin]) as abscissa and fluorescence
intensities as ordinate. As shown in Fig. 3, combination ratio of
streptavidin and Re-Biotin is 1:4, which indicates that each strep-
tavidin can combine with 4 Re-Biotins.

The illustration in Fig. 3 is the correlation of relative fluores-
cence intensity of Re-Biotin—MPS-PPV and concentration of strep-
tavidin in the absence and presence of streptavidin. I and Ig in the
figure are fluorescence intensity of Re-Biotin—MPS-PPV in the ab-
sence and presence of streptavidin. As shown in the illustration,
the linear equation between concentration of streptavidin [Strep-
tavidin] and I/l is Ig/lp=0.8955 + 6.43 x 107 [Streptavidin] and
correlation coefficient is R = 0.9941. In the figure, the linear range
and detection limit of streptavidin are 1.0 x 107°~ 1.2 x 10~°
mol-L™! and 3.0 x 107'° mol-L™}, repectively. The results indicate
that rapidly and sensitively detection of streptavidin in phosphate
buffered solution could be realized.

Fluorescence quenching effect of MPS-PPV by Re-Biotin and
fluorescence potentiation of Re-Biotin—MPS-PPV by streptavidin in
ammonium carbonated buffered solution (pH = 8.9)

Influence of MPS-PPV fluorescence by Re-Biotin and that of Re-
Biotin—MPS-PPV by streptavidin were investigated while using
ammonium carbonate buffered solution instead of phosphate buf-
fered solution. As shown in Figs. 4 and 5, fluorescence quenching
effect of MPS-PPV ammonium carbonate buffered solution by Re-
Biotin and fluorescence potentiation of Re-Biotin—MPS-PPV
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Fig. 3. Relational graph of MPS-PPV fluorescence intensity of different concentra-
tion ratio of streptavidin and Re-Biotin related to concentration ratio of streptavidin
and Re-Biotin; (insert) relational graph of relative fluorescence intensity of Re-
Biotin—MPS-PPV and concentration of streptavidin in the absence and presence of
streptavidin. Experiment conditions: [MPS-PPV]=3.0 x 107> mol.L™!, T=298K,
[PBS] =0.01 mol-L~! (pH = 7.4), [Re-Biotin] =5.0 x 108 mol-L" 1.
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Fig. 4. Fluorescence spectra of MPS-PPV in the presence of different quantities of
Re-Biotin concentrations of Re-Biotin from a to f are 0, 1, 2, 10, 15 and
20 x 1078 mol-L~'. Experiment conditions: [MPS-PPV]=3.0 x 10~> mol.L™',
T=298 k, [(NH4)2C03] =0.1 mol-L~! (pH =8.9).
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Fig. 5. Recuperative fluorescence spectra of Re-Biotin—MPS-PPV in the presence of
streptavidin Concentrations of streptavidin from a to g are 0, 4, 16, 24, 32, 40, 48
and 60 x 10~ mol-L~! Experiment conditions: [MPS-PPV]=3.0 x 107> mol-L?,
T =298 K, [(NH4)>C03] = 0.1 mol-L~! (pH = 8.9), [Re-Biotin] =2.0 x 10~7 mol-L™.

system by streptavidin are similar with that of phosphate buffered
system.

In MPS-PPV ammonium carbonate buffered solution, with
enlargement of Re-Biotin concentration, fluorescence intensities
of the system gradually reduce and the peaks blue shift are dis-
played (from 496 nm to 465 nm). Quenching constant MPS-PPV
by Re-Biotin is K, ~ 4.6 x 10% L-mol~!. From quenching con-
stant Ky, it can be found that efficiency of Re-Biotin quenching
MPS-PPV is much lower in ammonium carbonate buffered solution
than in phosphate buffered solution. That is to say efficiency of Re-
Biotin quenching MPS-PPV in ammonium carbonate buffered solu-
tion is 23% of that in phosphate buffered solution. It indicates in
Figs. 5 and 6 that in 0.1 mol-L~! Re-Biotin—MPS-PPV ammonium
carbonate buffered solution, with enlargement of streptavidin con-
centration, fluorescence intensities of the system would gradually
increase and the peaks would red shift appear (from 465 nm to
496 nm). Fluorescence intensity would not change until streptavi-
din reaches to a certain concentration. Therefore, in ammonium
carbonate buffered solution, fluorescence quenching and recovery
processes of MPS-PPV are reversible.

As shown in Fig. 6, in MPS-PPV solution containing higher
concentration of Re-Biotin (2.0 x 1077 mol-L™"), fluorescence
would gradually recover in the presence of low concentration of
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Fig. 6. Relational graph of streptsvidin concentration and fluorescence intensities of
different quantities streptavidin in MPS-PPV—Re-Biotin ammonium carbonate
solution. Experiment conditions: [MPS-PPV]=3.0 x 107> mol.L™!, T=298K,
[(NH4)2C05] = 0.1 mol-L~" (pH = 8.9), [Re-Biotin] =5.0 x 10~7 mol.L™".

streptavidin. There may exist competitive reactions among MPS-
PPV, Re-Biotin and streptavidin. With enlargement of streptavidin
concentration, fluorescence recovery increases fast (fluorescence
intensities increase obviously). Fluorescence intensities of the
whole system would not change until the concentration ratio of
streptavidin and Re-Biotin is about 1:4. That is the combination ra-
tio of streptavidin and Re-Biotin is 1:4. It demonstrates that each
streptavidin can combine with 4 Re-Biotins.

Fluorescence quenching effect of MPS-PPV by Re-Biotin and
fluorescence potentiation of Re-Biotin—MPS-PPV by streptavidin in
aqueous solution

Influence of fluorescence of MPS-PPV by Re-Biotin and that of
Re-Biotin—MPS-PPV by streptavidin were investigated while using
aqueous solution instead of phosphate buffered solution [59]. The
results indicate that fluorescence quenching effect of MPS-PPV by
Re-Biotin aqueous solution and fluorescence potentiation of Re-
Biotin—MPS-PPV system by streptavidin are similar with that of
phosphate buffered system.

In MPS-PPV aqueous solution, with enlargement of Re-Biotin
concentration, fluorescence intensities of the system gradually re-
duce and the peaks show clear blue shift (from 496 nm to 465 nm).
Quenching constant of MPS-PPV by Re-Biotinis K, ~ 2.9 x 107
L-mol~!. In Re-Biotin—MPS-PPV aqueous solution, with tenlarge-
ment of streptavidin concentration, fluorescence intensities of
the system would gradually increase and the peaks would red shift
would be observed (from 465 nm to 496 nm). Fluorescence inten-
sities would not change until streptavidin reached to a certain con-
centration. The results indicate that in aqueous solution,
fluorescence quenching and recovery processes of MPS-PPV are
reversible.

Specific interactions between Re-Biotin and streptavidin

As shown in Table 1, influences of fluorescence intensity of Re-
Biotin—MPS-PPV by different proteins were investigated. It was
discovered that in Re-Biotin—MPS-PPV phosphate buffered solu-
tion, fluorescence would not recover in the presence of
1.0 x 1077 mol-L"! bovine serum albumin (BSA) and it would just
recover 1.7% when BSA concentration increased to 1.0 x 107°
mol-L~!. While in the presence of 1.5 x 10~ mol-L~! streptavidin,
fluorescence intensity of the system recovers 34.9%, 84.4% of the
original intensity. Protamine sulphate (PS) is a kind of protein
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Table 1
Influences of Fluorescence of MPS-PPV by Protein.

Number Testing system [0.01 mol-L~! PBS (pH =7.4)] Fluorescence intensity (I) Change rate of fluorescence intensity
a 3.0 x 10~ mol-L~! MPS-PPV 945
b a+5.0 x 107 mol-L~! Re-Biotin 468 b is 49.5% of a
c b+1.5 x 10~® mol.L~! Streptavidin 798 ¢ recovers 84.4% of a, recovers 34.9%
c increases 170.5% to b
d b+1.0 x 1077 mol-L~! BSA 468 dis 49.5% of a
d and b are the same
e b+1.0 x 107 mol-L~! BSA 484 eis 51.2% of a
e is 103.4% of d
f a+3.0x10"7 mol-L~' PS 699 fis 74.0% of a
g f+1.5 x 1078 mol-L™" Streptavidin 700 gis 74.1% of a, the same as f

carrying positive electron, which can partly quench fluorescence of
MPS-PPV. For instance, after adding 3.0 x 10-7 mol-L~! PS into
MPS-PPV, fluorescence of MPS-PPV would quench 26%. Fluores-
cence of the system would not change after adding another
1.5 x 1078 mol-L"! streptavidin. On the other hand, in Re-Bio-
tin—MPS-PPV system in the presence of the same concentration
of streptavidin, fluorescence would recover obviously (recover
34.9%). All above indicate that there exist specific interactions be-
tween Re-Biotin and streptavidin.

Interactions between streptavidin and Re-Biotin—MPS-PPV

Influences of fluorescence of Re-Biotin—MPS-PPV system by
avidin were investigated while using avidin instead of streptavidin.
The results indicate that whether in non-buffer system (aqueous
solution) or different buffer systems [0.01 mol-L~! phosphate buf-
fered solution (pH =7.4), 0.1 mol-.L~' ammonium carbonate buf-
fered solution (pH=28.9)], fluorescence of Re-Biotin—MPS-PPV
can reversibly recover in the presence of avidin. Each avidin can
combine with 4 Re-Biotins. There still exist specific interactions be-
tween avidin and biotin of Re-Biotins.

The mechanism of Interactions among Re-Biotin, MPS-PPV and
streptavidin

Fig. 7 is the schematic diagram of interactions among Re-Biotin,
MPS-PPV and streptavidin. As shown in Fig. 7, whether in non-buf-
fer system or different buffer systems, there exist specific interac-
tions between streptavidin (or avidin) and biotin of Re-Biotin, and
fluorescence quenching and recovery processes of MPS-PPV are
reversible. Sensing mechanism of streptavidin sensor using Re-Bio-
tin as QTL probe and that of avidin sensor are the same and stable,
which is the same as sensing model designed by Whitten et al. [1].
Mechanism of Re-Biotin quenching MPS-PPV fluorescence can be
interpreted as strong electrostatic interactions and charge transfer-
ences between Re-Biotin and MPS-PPV. Fluorescence recovery
mechanism of Re-Biotin—MPS-PPV system can be interpreted as
specific interactions between streptavidin (or avidin) and biotin
of Re-Biotin making Re-Biotin far away from MPS-PPV.

However, Dwight et al. [29] have studied interactions among
MPS-PPV, QTL probe—Q-B and avidin in non-buffer system (aque-
ous solution) and buffer system (ammonium carbonate buffered

&

Fig. 7. Schematic diagram of recuperative fluorescence of MPS-PPV quenched by Re-Biotin in the presence of streptavidin.

hv’
/ | + |Re _
hv

solution of pH=8.9), and the result was nondeterminacy of its
sensing mechanism. Dwight et al. discovered that in non-buffered
system (aqueous solution), fluorescence quenching of MPS-PPV by
Q-B (BPP*) was strong in the absence of avidin, while MPS-PPV
fluorescence would recover in the presence of avidin, which re-
sulted from Q-B (BPP") away from MPS-PPV made by avidin. But
in ammonium carbonate buffered solution of pH = 8.9, fluores-
cence of BPP*—MPS-PPV system would not recover, on the con-
trary, fluorescence of the system would continue to be quenched
with addition of avidin. The reason may be QTL probe in Ref.
[29]—constitute and structure of BPP* are different from those of
Re-Biotin. It indicates that interaction mechanisms among differ-
ent biotinylated quencher (Q-B), MPS-PPV and avidin (or streptavi-
din) are different.

All above demonstrate that sensing mechanisms may be differ-
ent due to different mediums and probes. It also indicates that bio-
tinylated transition metal complex Re-Biotin probe is superior to
biotinylated organic cation BPP* probe. The former has stable sens-
ing mechanism and is suitable for all kinds of mediums. Electro-
static interaction and charge transference between Re-Biotin and
MPS-PPV may lead to fluorescence quenching of MPS-PPV. Strepta-
vidin (or avidin) can combine with biotin of Re-Biotin then release
MPS-PPV, which results in fluorescence enhancement of the sys-
tem. The phenomenon may be applied to design biosensor. There-
fore, while designing biosensor based on water-soluble
fluorescence CPs, constitute, structure and selectivity of polymer
fluorescence probe and its specific combination with biomacro-
molecules should be considered into, which is the key to guarantee
its property stability of biosensor. Re is a transition metal element
whose outermost layer configuration is 5d°6s2. Precious metal cat-
jons Ru®*, Pd?* and Pt?>* have high property to quench MPS-PPV
fluorescence. It indicates that complexes corresponding to precious
metal cations Ru3*, Pd?* and Pt>" may be designed into QTL probe
of excellent properties after biotinylation. And it will provide new
thoughts to design high biosensor of stable sensing mechanism
based on water-soluble CPs.

Conclusions

Mechanisms of QTL probe—Re-Biotin quenching MPS-PPV
fluorescence can be interpreted as the strong electrostatic interac-
tions and charge transferences between Re-Biotin and MPS-PPV.

1
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Fluorescence recovery mechanism of Re-Biotin—MPS-PPV system
can be interpreted as Re-Biotin far away from MPS-PPV due to spe-
cific interactions between streptavidin (or avidin) and biotin of Re-
Biotin. In non-buffer system (aqueous solution) and different buf-
fer systems [0.01 mol-L~' phosphate buffered solution (pH = 7.4),
0.1 mol-L~! ammonium carbonate buffered solution (pH =8.9)],
there exists specific interactions between streptavidin (or avidin)
and biotin of Re-Biotin. Fluorescence quenching and recovery pro-
cesses are reversible. The study demonstrates that in non-buffer
system and different buffer systems, sensing mechanisms of strep-
tavidin sensor and avidin sensor using Re-Biotin as QTL probe
based on water-soluble CP MPS-PPV are the same and stable. Using
Re-Biotin probe, avidin or strptavidin can not only be quantita-
tively determinated, but also be classified. Sensing mechanisms
of biosensors may be different due to different mediums and
probes. Biotinylated transition metal complex Re-Biotin probe is
superior to biotinylated organic cation BPP* probe. Its stable sens-
ing mechanism is suitable for different mediums. Transition metal
(especially precious metal) complex QTL probes have significant
potential application in designing of biosensor.
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