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CONSPECTUS

B ecause of the potential applications of biosensors in dlini- " ';(3
cal diagnosis, biomedical research, environmental analysis, polymer ignal tag
and food quality control, researchers are very interested in %

initiator

developing sensitive, selective, rapid, reliable, and low-cost
versions of these devices. A dassic biosensor directly transduces *

ligand—target binding events into a measurable physical read- Au —) \

out. Because of the limited detection sensitivity and selectivity in

earlier biosensors, researchers have developed a number of initiator = #  Centrif- .
sensing/signal amplification strategies. Through the use of . 3 . ATRP /1, ' ® ugation ‘e @
nanostructured or long chain polymeric materials to increase @9C* —) _,,C 7 850 — | ®_F @

the upload of signal tags for amplification of the signal readout |, particle
associated with the ligand—target binding events, researchers
have achieved high sensitivity and exceptional selectivity.

Very recently, target-triggered polymerization-assisted signal amplification strategies have been exploited as a new
biosensing mechanism with many attractive features. This strategy couples a small initiator molecule to the DNA/protein
detection probe prior to DNA hybridization or DNA/protein and protein/protein binding events. After ligand—target binding,
the in-situ polymerization reaction is triggered. As a result, tens to hundreds of small monomer signal reporter molecules assemble
into long chain polymers at the location where the initiator molecule was attached. The resulting polymer materials changed
the optical and electrochemical properties at this location, which make the signal easily distinguishable from the background. The
assay time ranged from minutes to hours and was determined by the degree of amplification needed.

In this Account, we summarize a series of electrochemical and optical biosensors that employ target-triggered polymerization.
We focus on the use of atom transfer radical polymerization (ATRP), as well as activator generated electron transfer for atom
transfer radical polymerization (AGET ATRP) for in-situ formation of polymer materials for optically or electrochemically
transducing DNA hybridization and protein-target binding. ATRP and AGET ATRP can tolerate a wide range of functional
monomers. They also allow for the preparation of well-controlled polymers with narrow molecular weight distribution, which was
predetermined by the concentration ratio of the consumed monomer to the introduced initiator.

Because the reaction initiator can be attached to a variety of detection probes through well-established cross-linking reactions,
this technique could be expanded as a universal strategy for the sensitive detection of DNA and proteins. We see enormous
potential for this new sensing technology in the development of portable DNA/protein sensors for point-of-need applications.

1. Introduction

The sensitive detection of trace amounts of target proteins
in complex biological matrices has attracted considerable
attention from many fields, such as clinical diagnosis,’' 3
biomedical research,* ¢ environmental analysis,”’° and
food quality control.'®~'2 To achieve high sensitivity for
detection of biotargets, a number of sensing and signal
amplification strategies have been developed through the
use of various probes coupled with biorecognition steps,
such as nucleic acid hybridization'3'* or antibody/antigen
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sandwich-type procedure.'>'® Among these, the target-
responsive strategies are of particular interest due to their
great utility in the design of simple and potentially portable
biosensors with high sensitivity and exceptional selec-
tivity.'”'® For example, a typical immunosensor employs
two-step immunoreactions: monoclonal antibody immobi-
lized on a solid surface for capture of its antigen, followed by
a reaction with the secondary antibody labeled with optical
or electrochemical species. The binding process was trans-
duced to either optical or electrochemical signals, which
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FIGURE 1. ATRP-based DNA sensing and two-stage 30-min ATRP reaction to form branched polymers. The figure shows the actual biosensor
response after radical polymerization. In particular, a polymer brush grew at the point where cDNA (C) binding occurred, resulting in a visible change in
the substrate color. The control spots (NC) remain unchanged. Adapted from ref 33.

relied on the immunoassay-induced physical enrichment of
optical or electroactive tags. These tags were either cova-
lently or noncovalently attached to the secondary antibo-
dies on the solid surface. Also, a number of nanostructured
materials and long chain polymeric materials have been
adopted into these strategies to increase the upload of signal
tags for further amplification of the signal readout asso-
ciated with each ligand—target binding event.”®~2' Very
recently, target-triggered polymerization-assisted signal am-
plification strategies have been exploited as a new biosen-
sing mechanism with many attractive features. During this
strategy, a small initiator molecule is first coupled to the
DNA/protein detection probe prior to DNA hybridization or
DNA/protein and protein/protein binding events, which did
not disrupt the normal bioactivities of biomolecules. The in
situ polymerization reaction is triggered after ligand—target
binding is completed. Tens and hundreds of small monomer
molecules, as signal reporters, were assembled into long
chain polymers at the specific location where the initiator
molecule was attached, that is, where DNA hybridization or
sandwiched immunoassay occurred. The resulting polymer
materials changed the optical and electrochemical proper-
ties of the sensing spot, which can be easily distinguished
from the background. Assay time, which ranged from min-
utes to hours, was determined by the needed amplification
degree.

It is believed that the design and synthesis of a molecule
that is capable of both molecular recognition and initiating a
polymerization reaction is a prerequisite for implementa-
tion of this target-triggered polymerization-assisted signal
1442 = ACCOUNTS OF CHEMICAL RESEARCH
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amplification method. Polymers that are used for molecular
recognition®?~2* or macroinitiation®>~2” have been repor-
ted in the literature. However, polymeric materials that
possess both highly efficient initiation and biological recog-
nition are still rare. In this Account, we focus on signal
amplification strategies with target-triggered polymeriza-
tion, which are largely based on the recent progress of both
He's group at North Carolina State University and our
laboratory. As will be discussed in the following sections,
atom transfer radical polymerization (ATRP) and activators
generated electron transfer for atomic transfer radical poly-
merization (AGET ATRP) were employed, on in situ formed
polymer materials to optically or electrochemically trans-
duce DNA hybridization and protein-target binding. Com-
pared with other living polymerization techniques, ATRP is
uniquely based on the repetitive addition of monomers to
radicals that are generated from dormant alkyl halides in a
reversible redox process.*® ATRP and AGET ATRP were
preferred in our studies because they not only were able
to tolerate a wide range of functional monomers but also
allowed the preparation of well-controlled polymers of
narrow molecular weight distribution. This distribution could
be predetermined by the concentration ratio of the con-
sumed monomer to the introduced initiator.>°

2. Target-Triggered Polymerization for DNA
Detection

Design and synthesis of polymer materials has emerged as a
sensitive, low cost, and easy-to-operate method for DNA
analysis. Polymers with unique electrical or optical proper-
ties have been successfully involved in DNA detection by
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FIGURE 2. (A) Surface chemistry used in the study of DNA-accelerated polymer growth. (B) Photograph showing two substrates in which PHEMA was
formed atop ssDNA molecules using (top) CuBr/bpy = 1:2.2 and [CuBr] = 69 mM and (bottom) CuCl/CuBr,/bpy = 1:0.3:2.9 and [CuCl] = 23 mM.

Adapted from ref 35.

electrostatically attracting cationic polymers to highly nega-
tively charged DNA or by chemical coupling of DNA on the
polymer side chains.3°~32 However, the use of a dynamic
growth process of macromolecules as an amplification tool
for biosensing has not been widely exploited. He's group
pioneered the use of target-triggered polymerization as a
signal amplification method in DNA detection.>3>34 In their
work, DNA hybridization and ligation were used to differ-
entiate target DNA sequences from mismatches, which led
to the attachment of ATRP initiators on a solid surface where
specific DNA sequences were located. These initiators sub-
sequently triggered the growth of poly(hydroxyethyl metha-
crylate) (PHEMA) at the end of immobilized DNA molecules
and formed polymer brushes. The formed thick polymer film
altered surface reflectivity, changed surface opacity, and ren-
dered the spots directly visible to the naked eye (Figure 1).
After that, a second ATRP reaction to form branched polymers
on the as-synthesized thick polymer film drastically improved
the visibility of occurring DNA binding events. Using this
approach, they were able to visually detect target DNA mole-
cules of interest with a detection limit of 1 fmol. Compared
with other DNA detection strategies, this method possessed
the following advantages: (i) small initiators instead of bulky
detection tags were prelabeled on DNA probes, introducing
minimal interference to DNA sequence recognition; (i) ampli-
fication of detection signal was demonstrated; (i) because
detection of signal was independently conducted after DNA
recognition, various chemical procedures could be used to
optimize the polymerization reaction without the concerns
over the stability of detection tags or DNA duplexes; (iv) no

sophisticated detectors were needed to visualize femtomole
target DNA in the sample. The fact that no sophisticated
equipment is needed, for qualitative recognition of specific
DNA sequences advocated this as a promising solution for
portable sensing applications. This pioneer work demon-
strated that the polymerization-assisted signal amplification
method, which localized accumulation of small molecules, that
is, monomers as signal reporter, could be adopted to further
improve the selectivity and sensitivity of DNA detection.
There were two independent steps involved in this ATRP-
assisted DNA detection: (i) sequence-specific hybridization
and ligation and (ii) signal amplification by polymerization.
To investigate the ATRP reaction Kinetics in the presence of
DNA molecules, single-stranded DNA molecules (ssDNAs)
were used as the model system to mimic the surface chemistry
that formed during the actual DNA detection (Figure 2A).3> The
initiator-coupled single-strand DNA (ssDNA) (1) and initiator-
coupled small molecule (4) were immobilized on a Au surface
to examine the effectiveness of polymer grafting. Meanwhile,
the same ssDNA (2) and small molecules (5) without initiators
were used as control molecules for background subtraction.
Small alkanethiol molecules, 6-mercapto-1-hexanol (MCH) (3)
or 1-undecanethiol (6), were used as diluting reagents to
control the surface density of ATRP initiators. The results
showed that the presence of DNA molecules significantly
accelerated the growth rates at the beginning of the ATRP
reactions, which was ascribed to a combined result of the
highly charged sugar—phosphate backbones of DNA mole-
cules and the formation of Cu complexes with DNA bases. After
the initial polymer growth, a smaller yet constant polymer

Vol. 45,No. 9 = 2012 = 1441-1450 = ACCOUNTS OF CHEMICAL RESEARCH = 1443



Target-Triggered Polymerization for Biosensing Wu et al.

_____

A § ! . *‘..“ s B > @® a
: 'ln 1< + g ‘|" \“ ® ® Centrl- b ®
N -~ 1 g -y - & @ fugation - -
. — e ‘:.. ATRR W\ a: '~§€',- \@@ — --\*
DNAHyb. . AVES Eawrae ol B. ® ®
/ & Ligation : N e -
\ ¢ ; T Centri-
ATRP . ® o ®® | fugation
B JWRIGE (@Yot b
e e s %
PHEMA Mgy~  Complementary DNA

. Au Nanoparticles %% ATRP Initiator

L3
DNA Detection Probe Apne~ Non-Complementary
Complementary DNA .
+ Capture Probe (Nano-B) ; (Nano-D) DNA Target (Non-B'D")
™~ 1 -
DNA-Coated -@- Polymer-DNA-coated Aggregated
. Nanoparticles “1*. Core-shell Nanoparticles Nanoparticles

Target (B°D’)

[=] -
Qo [~

Absorbance

e
B

560 640 720
Wavelength (nm)

FIGURE 3. (A) Polymer-assisted reverse colorimetric particle-based DNA assays. (B) UV spectrum of a and b results from panel A. (C) The photograph of

a and b results from panel A. Adapted from ref 36.

growth rate was observed, suggesting the reduced influence of
DNA molecules as the ATRP reaction centers moved farther
away from the surface. A sufficient amount of PHEMA was
formed under the optimized ATRP reaction conditions that
enabled the direct visualization of the spots where the ssSDNA
initiators were immobilized (Figure 2B, bottom). However, no
discernible features were observed on the surface exposed to
less-than-optimal ATRP reaction conditions (Figure 2B, top). All
these results demonstrated that DNA molecules could be used
as biocatalysts to expedite polymer grafting efficiency.
Following these spot visualization detections further, they
developed a polymer-assisted reverse colorimetric method
to monitor the occurrence of the DNA binding events.?® The
target-triggered polymerization was employed to form a
thick polymer shell outside of particles, which acted as the
physical barrier to keep Au particles apart. Particles without
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DNA hybridization aggregated, accompanied by a pro-
nounced solution color change from red to blue (Figure 3).
Under the optimized conditions, faster polymer chain
growth on the surface overcame particle aggregation and
preserved particle stability via steric stabilization. Unlike the
conventional colorimetric method, polymer-assisted steric
stabilization improved resistance of Au nanoparticles to
environmental fluctuation and physically prevented close
contact between particles, which consequently eliminated
false-negative readouts.

Development of electrochemical sensors hold significant
advantages due to their high chemical selectivity, excellent
sensitivity, and more importantly, great portability.?” —3° We
have recently adopted target-triggered polymerization sig-
nal amplification in combination with electrochemical de-
tection for DNA biosensing. This was an attempt to further
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FIGURE 4. Scheme of polymerization-assisted signal amplification strategies for DNA and protein detection.

enhance sensing sensitivity, as well as to provide an inter-
face compatible with existing commercial sensing techni-
ques based on electrochemical readouts.* In this case, ATRP
was modified by using a reducing agent to bring the Cu(ll)
complex back to its corresponding ATRP-active, lower oxi-
dative state of catalytic complexes.*'** During this redox
cycling process, oxygen was consumed prior to the occur-
rence of polymer growth, thus eliminating the need for air-
purging to remove oxygen. This elimination step allowed
AGET ATRP to obtain high efficiency in polymer grafting and
better tolerance toward oxygen in air. 2-Hydroxyethyl
methacrylate (HEMA) and glycidyl methacrylate (GMA) were
used as the monomers to provide excess hydroxyl or epoxy
groups for immobilization of electrochemical tags, that is,
aminoferrocene (FCNH,). Growth of long chain polymeric
materials atop the ATRP-initiator coupled DNA molecules
that were anchored on the electrode surface provided
numerous sites for aminoferrocene coupling. In turn, the

increase coupling amounts of FCNH, significantly enhanced
electrochemical signal output. The target-triggered polymeri-
zation signal amplification in combination with several detec-
tion technologies for DNA/protein biosensing has been
summatrized in Figure 4 and Table 1. A couple of well-defined
peaks corresponding to the oxidation and reduction of the
anchored aminoferrocene on long chain polymeric materials
were clearly observed in its cydic voltammogram. Quantitative
analysis of the target DNA concentration showed that the
measured peak current was proportional to the logarithm
of DNA concentration over 5 orders of magnitude. About
30 amol of target DNA could be effectively detected by using
this polymerization amplified electrochemical sensing strategy.
This confirmed successful electrochemical sensing using target-
triggered polymerization signal amplification for sensitive de-
tection of a target DNA of interest.

Aside from AGET ATRP, the photoinitiated free-radical
polymerization was also examined to suit the target-triggered
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TABLE 1. Target-Triggered Polymerization Signal Amplification by Coupling Signal Tags on Polymer Side Chains in Combination with Different

Detection Technologies

detection biomolecules binding mode signal tags detection method linear range (ng/mL) LOD (pg/mL) ref
DNA DNA hybridization aminoferrocene  electrochemical 0.1-1000 nM 15 pM 40
ovalbumin carbohydrate recognition ~ aminoferrocene  electrochemical 0.1-500 0.07 40
CEA sandwiched immunoassay aminoferrocene  electrochemical 0.0005-40 0.1 47
PSA sandwiched immunoassay aminoferrocene electrochemical 0.001-40 0.14 47
PSA sandwiched immunoassay HRP flow injection CL/electrochemical 0.005-20 13 48
CEA sandwiched immunoassay  DPEA ECL 0.001-1000 0.5 49

polymerization-assisted signal amplification sensing
strategy.*® Dual-functional macrophotoinitiators with highly
efficient initiation and biological recognition were synthe-
sized. This was accomplished through coupling of water-
soluble photoinitiators and NeutrAvidin, to a fraction of
the carboxylate residues from a high-molecular-weight co-
polymer of acrylic acid and acrylamide, using aqueous
carbodiimide coupling chemistry.** The as-prepared macro-
photoinitiator displayed the ability to recognize biotin-
labeled oligonucleotides and to initiate polymerization of
water-soluble monomers. After a 10 min dose of light, a
macroscopically observable polymer grew from the spots at
which biotinylated oligonucleotides were located, which
resulted in an easily observable color change from gold to
blue.*> With this approach, as few as ~1000 recognition
events (10 zmol) were easily visible to the unaided eye.

3. Target-Triggered Polymerization for Pro-
tein Detection

Target-triggered polymerization has been successfully used
for quantitative detection of specific DNA sequences with
better reproducibility, simpler assay procedure, and faster
assay turn-around than those using a conventional PCR-
based DNA detection method.*® The reaction initiator could
be attached to potentially any detection probes through
well-established cross-linking reactions; inspired by this
property, the application scope of this sensing concept could
be extended beyond DNA detection. We have recently
adopted target-triggered polymerization signal amplifica-
tion strategy for protein detection by coupling of different
detection techniques as shown in Figure 4 and Table 1.
First, concanavalin A (Con A) was covalently immobilized
on a Au electrode to allow permanent attachment of the
initiator-coupled ovalbumin.*® AGET ATRP was conducted in
a reaction mixture containing glycidyl methacrylate (GMA)
as the monomer. The pendant epoxide groups on PGMA
were used for direct coupling of aminoferrocene. More than
7-fold signal enhancement in ovalbumin detection has been
achieved, compared with the unamplified method. We further
adapted this polymerization-assisted signal amplification
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strategy to electrochemically detect biomarkers in serum.*” A
sandwich immunoassay process was employed to immobilize
a polymerization reaction center, the initiator-conjugated poly-
clonal prostate specific antigen (PSA), or polyclonal carci-
noembryonic antigen (CEA) antibodies on the surface of the
electrode. AGET ATRP subsequently triggered the local accu-
mulation of GMA monomers, which led to multiple detection
probes consequently being introduced to each binding event,
thusly enhancing detection sensitivity of immunosensing.
The clinical validation was illustrated by examining of a
medium number of 100 clinical sera. Results showed that
the proposed immunosensor was highly sensitive and selec-
tive and matched well with the clinical electrochemilumines-
cent method.

Second, horseradish peroxidase (HRP) was introduced as
a signal tag for flow injection chemiluminescent (CL) and
electrochemical detection.*® The initiator-conjugated poly-
clonal prostate specific antigen (PSA) antibodies were im-
mobilized on the substrate surface through sandwiched
immunoreactions to trigger AGET ATRP. Growth of long
chain polymeric materials provided excess epoxy groups
for HRP coupling, which in turn significantly increased the
loading of sighal molecules and enhanced the chemilumi-
nescent and electrochemical readouts. With this method,
more than 13- and 14-fold enhancement in the chemilumi-
nescent intensity and electrocatalytic current was achieved,
compared with the traditional sandwiched immunoassays
using HRP-conjugated antibody directly.

Third, to further improve the sensitivity, small molecule
2-(diisopropylamino)ethylamine (DPEA) was introduced as a
signal tag for electrochemiluminescence (ECL) detection of
biomarkers.*® ECL has attracted considerable attention due
to its low cost, wide range of analytes, low background
signal, and high sensitivity.>® A number of ECL analytical
methods based on ruthenium complex (Ru(bpy)s>") with
tertiary amine (TA) or diketone containing compounds, as
coreactants,® have been developed for environmental
assays, such as food and water testing, biological warfare
agent detection, and clinical diagnostics.>> We adapted the
target-triggered polymerization-assisted signal amplification
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FIGURE 5. (A) Schematic illustration of the strategies used in the coupling of polymerization-assisted signal amplification with electrochemical
detection for biosensing. (B) Schematic illustration of SI-ATRP of AS for immunosensing. Adapted from ref 53.

method for the development of a novel Ru(bpy)32+/TA ECL
system for immunosensing.*® In our case, the accumula-
tion of GMA monomer provided numerous epoxy groups
for the immobilization of DPEA and thus enhanced the ECL
signals. Detection of 17 serum specimens by using this
approach produced similar results compared with the clin-
ical electrochemiluminescent method. That is, the devel-
oped immunoassay provided a promising alternative
tool for determining CEA in human serum in the clinical
laboratory.

In the aforementioned cases, signal tags (FCNH,, HRP,
DPEA) were introduced to polymer side chains after poly-
mers formed. To simplify the assay process and improve
assay throughput, optimization of the preliminary process
and searching for other suitable monomers with direct
electrochemical activity were done.>® The novel strategy
included utilizing a sandwiched immunoassay to immobilize
a polymerization reaction center on a gold surface, local
accumulation of monomers by surface-initiated ATRP, and
electrochemical detection of phenolic hydroxyl groups in
the presence of tyrosinase. 4-Acetoxystyrene was chosen
as the monomer to provide acetoxyl groups, which could
be converted into phenolic hydroxyl groups through a
simple hydrazine hydration process. Concurrently, tyro-
sinase catalyzed the oxidation of phenol derivatives to
the corresponding catechol and o-quinone derivatives in
the presence of 0,. Catechol/o-quinone systems were
well-known redox couples that display good electro-
chemical behavior and thus can be electrochemically

monitored to follow the ATRP of 4-acetoxystyrene.
The growth of long-chain polymeric materials provided
numerous acetoxyl groups, which in turn significantly
enhanced the electrochemical signal output in the pre-
sence of tyrosinase (Figure 5).

As an alternative to electrochemical, flow injection che-
miluminescent, and ECL detection, target-triggered poly-
merization-assisted signal amplification could also be integra-
ted with other detection methods. For example, Liu and co-
workers®* proposed a novel surface plasmon resonance
(SPR) sensing strategy by integrating target-triggered polym-
erization and SPR readout for highly sensitive detection of
proteins. In their work, bacterial cholera toxin (CT) was
chosen as the model protein covalently immobilized on
gold with 11-mercaptoundecanoic acid linkage. The immo-
bilized CT recognized biotinylated anti-CT and allowed
initiators with a biotin tag to be fixed at the protein binding
site through a neutravidin bridge. The localized growth of
polymers of poly(hydroxyl-ethyl methacrylate) (PHEMA), via
an ATRP mechanism, increased the SPR readout. In addi-
tion, by coupling 2-bromoisobutyryl bromide to the hy-
droxyl groups on the PHEMA side chains, the signal was
further enhanced (Figure 6). These two consecutive ATRP
steps significantly enhanced the sensitivity of SPR detec-
tion, which allowed low amounts of CT to be quantified
with large signals. Using this signal amplification strategy,
they were able to detect the surface coverage of CT in a
range from 8.23 x 107 '°t03.61 x 10 ' mol/cm?, with a
detection limit of 6.27 x 10~ mol/cm?.
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Another example was a colorimetric immunosensing ap-
proach for biomarker assay.>® Colloidal gold nanoparticles
(GNPs) have a beautiful wine-red color, which is ascribed to
the collective oscillation of the conduction band surface
electrons on interaction with light of suitable wavelengths,
the localized surface plasma resonance.>® When GNPs were
functionalized with polymers, both the position and band-
width of the surface plasmon band of GNPs were changed. In
our case, ATRP-initiator-conjugated IgG could be accumulated
onto the surface of GNPs through a competive immu-
noreaction.>> The immobilized ATRP initiators prompted
polymer chain growth to form polymers outside of GNPs,
which altered the optical property of GNPs and produced a
distinct color change (Figure 7). Furthermore, the surface
grafting of polymer chains on GNPs was controlled by the
amount of initiator center being coated on the GNP surface. In
turn, the amount of initiator center being coated was decided
by the amount of free initiator-coupled antibodies in the
incubation solution. This allowed the detection of IgG by
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the absorption spectra and imagework color-analysis soft-
ware, with a linear range of 0.5—-25 ngmL ' and a detection
limit of 0.03 ng mL ™.

All above cases showed that the amplification-by-target-
triggered polymetization concept was suitable for ultrasen-
sitive detection of proteins in buffer and serum, but special
instruments were needed. However, Qian and He described
a source of promising potential in future development of
point-of-need devices using target-triggered polymerization
for grafting visualization, particular, visualization of distin-
guishable spots on the sensor surface in order to amplify the
occurrence of protein binding events.>” Con A and strepta-
vidin were immobilized to a mercaptoundecanoic acid-
coated Au surface in an array format for specific detection
of ovalbumin, biotinylated insulin, or biotinylated BSA, re-
spectively (Figure 8). The change of substrate reflectance at
the spots demonstrated the occurrence of the protein bind-
ing. This also indicated the survival of protein complexes in
AGET ATRP and the successful formation of organic films
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upon protein binding. With this approach, the binding of
femtomole ovalbumin was clearly differentiated from the
background using ellipsometry, while binding of subpicomole
protein led to visually distinguishable spots on the sensor
surface.

4. Conclusions and Perspective

In this Account, we summarize recent research activities in
target-triggered polymerization-assisted signal amplifica-
tion for biosensor applications. We have demonstrated that
target-triggered polymerization is an effective method to
provide multiple binding sites to tag active probes for DNA/
protein biosensing. Both DNA hybridization and sandwiched
immunoassay led to immobilization of polymerization reac-
tion centers on the surface; subsequently triggered polymer
growth results in local accumulation of monomers that
altered the optical properties of the substrate and provided
multiple binding sites to tag active probes, which can be
detected by many techniques.

This Account is not a comprehensive review and only
summarizes a fraction of research activities that exploit target-
triggered polymerization. Given that the reaction initiator can
be attached to potentially any detection probes through well-
established cross-linking reactions, in addition to the DNA/
protein described above, it could be applied as a universal
strategy for highly sensitive detection of nearly all DNA and
proteins. It can be also foreseen that the new sensing technol-
ogy possesses enormous potential for development of porta-
ble DNA/protein sensors for point-of-need applications.

We also expect to apply the target-triggered polymeriza-
tion-assisted signal amplification strategy to microarray
analysis for high-throughput screening of complex biologi-
cal systems. On the other hand, given the availability of a
large variety of signal amplification methods (e.g., PCR,>®
signal amplification based on conjugated polymers,® signal
amplification based on enzymes,®° and signal amplifica-
tion based on nanoparticles/nanomaterials®'), it is pos-
sible to further improve the sensitivity and selectivity of
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DNA/protein sensors by combining the target-triggered
polymerization-assisted signal amplification strategy with
other signal amplification methods.
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