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Abstract We report a novel plastic biochip for the sensitive
colorimetric detection of analytes of interest. This type of
biochip is designed to perform bioassays in a sandwich
format, i.e., employing the immobilized probe molecules
to capture target and then utilizing gold nanoparticle
(AuNP)-labeled reporters to screen the biorecognition
events. To fabricate and implement such plastic biochips,
not only have we demonstrated the probe immobilization,
sensor unit formation, signal transduction and visualization
on the plastic substrate, but we have also introduced new
methods for imaging and analysis of them. As two proof-of-
concept detection applications, plastic immunochips and
DNA biochips have been fabricated and their responses to
human IgG and DNA have been examined respectively. To
further assess the detection sensitivity of the colorimetric-
based biochip, we have compared it with an enzyme-
catalyzed-based biochip and with a conventional
fluorescent-based biochip. We believe the colorimetric-
based plastic biochip presented herein is able to fully com-
bine the advantage of colorimetric detection and plastic
substrate, thus making it an ideal platform for point-of-
care analysis and diagnostics.

Keywords Plastic biochips . Bioassay . Colorimetric
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Introduction

A biochip, also called DNA or protein microarray, is a
miniaturized bioanalytical system that utilizes the probe
biomolecules attached to a solid substrate to recognize
target biomolecules and then employs various means (radio-
active, fluorescent, or electrochemical techniques) to screen
the biorecognition events [1–7]. It is a powerful tool for
high-throughput detection of the analytes of interest and has
been extensively used in gene profiling [1, 2], clinical diag-
nostics [1, 2, 4], immunoassays [3, 5], and drug discovery
[6, 7]. However, its applications are currently restricted to
well-facilitated laboratories and hospitals since they require
some specialized equipment (such as robotic spotter, laser
scanner, or multichannel potentiostat) and well-trained pro-
fessionals (involving complicated fabrication and character-
ization manipulation). Hence, it is imperative to develop
simple, rapid, and easy-to-access bioanalytical systems
(i.e., new generation of biochips) in order to meet the urgent
need for point-of-care (POC) analysis and diagnostics [8, 9].
It appears that a colorimetric-based biochip (in which bio-
recognition events are transduced into color) is a promising
candidate for such need, as the color change can be observed
by the naked eye, common camera or flatbed scanner,
thereby requiring no specialized equipment [10–33]. For
constructing this type of biochip, it is believed that the
transduction of biorecognition events into visual signals is
the critical step, which is typically realized by using
enzyme- [17, 18] or nanoparticle- [10–17, 19–33] catalyzed
deposition strategies. Gold nanoparticle (AuNP) labeling
followed by silver staining (also called autometallography
or silver enhancement) is one of the most efficient ways to
achieve color labeling and signal amplification, thus has
been widely adopted in colorimetric detection in the past
decade [10, 11, 14, 16, 20, 23–25, 29–31]. For example,
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AuNP-labeled DNA and protein biochips have been devel-
oped for colorimetric detection of target DNA [10, 11, 18,
30, 32], bioactive proteins [12, 14–16, 20, 21, 23–25,
28–31], pesticides [13, 17], small biomolecules [15, 21,
29], and heavy metal ions [19, 27, 31]. However, it should
be pointed out that the current colorimetric-based biochips
are conventionally fabricated on a rigid glass or oxidized
silicon substrates, and have the following limitations: high
fabrication cost, complicated surface treatment, and easily
broken nature [34, 35]. Paper-based colorimetric biochips
(also called test strips) [15, 21, 27, 36] have been recently
developed in order to suppress those limitations.
Nevertheless, the paper-based biochips suffer from surface
modification and low detection throughput issues.
Compared to glass-, silicon- and paper-based substrates,
transparent plastic (such as polycarbonate (PC), polystyrene
and poly(methyl methacrylate)) sheets are seemingly the
most ideal support for colorimetric-based biochips due to
their low cost, high transparency, good flexibility, and ease
of fabrication and modification. In fact, plastic biochips
based on fluorescence detection have been fabricated previ-
ously [37–39]; however, their signal detection is often in-
terfered by the strong background fluorescence from the
plastic substrates. Fortunately, this interference is not likely
to occur in colorimetric detection.

In this paper, we aim to develop a novel plastic biochip
which is able to sensitively detect the analytes of interest by
means of colorimetric readout. The detection principle of
this type of biochip is based on a sandwich bioassay format,
i.e., using the immobilized probe molecules to capture target
molecules and then employing AuNP-labeled reporters to
highlight the biorecognition events. Upon binding with the
targets and the reporters, the interactions on the biochip can
be easily visualized by silver staining treatment, and so it
can be observed by naked eyes or imaged by flatbed scan-
ners or digital cameras. Consequently, this colorimetric-
based plastic biochip has advantages of being low cost,
high-throughput, good stability and easy-to-use, and is an
ideal platform for POC analysis and diagnostics.

Experimental

Reagents

All chemicals were of analytical grade and were used as
received. Sodium citrate, sodium dihydrogen phosphate
(NaH2PO4), disodium hydrogen phosphate (Na2HPO4), so-
dium dodecylsulfonate (SDS), silver acetate, hydroquinone,
and other metal salts used herein were all purchased from
Beijing Chemical reagent Company (China). Tris(hydroxy-
methyl)-aminomethane hydrochloride (Tris–HCl), 1-ethyl-
3-(3′-dimethylaminopropyl)-carbodiimide (EDC), N-

hydroxy-succinimide (NHS), bovine serum albumin (BSA,
globulin-free), Tween 20, glycerol and Cy3-modified strep-
tavidin were ordered from Sigma-Aldrich (USA). Human
plasma IgG, rabbit anti-human IgG (H+L), biotinylated
goat anti-human IgG, horseradish peroxidase-labeled goat
anti-human IgG and TMB membrane peroxidase substrate
(one component) were all purchased from KPL Inc. (USA).
Modified and unmodified DNA oligomers (sequences are
listed in Table 1) were of HPLC-purification grade and were
obtained from Shanghai Sango Biotechnology (China).
Gold-conjugated streptavidin (1.4 nm diameter) were or-
dered from Nanoprobes Inc. (USA). All water used herein
was of deionized grade and generated by a Barnstead
Easypure System (Thermo Scientific, USA). PC substrates
were obtained from regular CDs (or CD-Rs) by removing
the reflective layer and dye layer.

Apparatus All optical images of the plastic biochips were
scanned by a flatbed scanner (Scanmaker i700, Microtek) with
a fixed setting. The scanner is operable under two modes:
transmission and reflection. The fluorescent images of the
plastic biochips were acquired by a confocal laser-
fluorescence scanner (Typhoon 9410, Amersham Biosystems)
or a fluorescent microscope (Olympus IX71, Olympus Corp.).
The surface topographies of the binding sites (lines or dots)
were examined by an atomic force microscope (Asylum
Research, Inc.) in tapping mode. The surfaces of plastic sub-
strates were photoactivated by a UV/ozone cleaner (Model
PSD-UV, Novascan Technologies Inc.).

Surface reactions on PC substrates

The PC sheets were cleaned with ethanol firstly and then
activated in a UV/ozone cleaner for 15∼30 min. The sheets
were subsequently immersed in a 0.1 M phosphate buffer at
pH 6.0 (also containing 5 mM EDC and 0.33 mM NHS) for
3∼5 h, and then probe molecules—anti-human IgG or DNA
strands (Probe I)—were coupled onto their surfaces to form
probe arrays (i.e., forming plastic biochips) under the assis-
tance of PDMS microfluidic plates. During application,
these plastic biochips were able to extract target biomole-
cules (human IgG or target DNA) and signal reporting units
(i.e., biotinylated or AuNP-labeled DNA or antibody)

Table 1 Oligonucleotide sequences of probe and target DNA samples

DNA strand Sequence

Probe I 5′-NH2-(CH2)6-TTT TTT TAA GTC GAA CGA GCT
TGC-3′

Target I 5′-TCA CCA GTT CGC CAC TTT GCA AGC TCG
TTC GAC TTA-3′

Reporter C 5′-GTG GCG AAC TGG TGA TTT TTT-Biotin -3′
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subsequently from solutions to form sandwich-structured
binding units (i.e., probe-target-reporter, see Scheme 1).
The plastic biochips were then treated with a silver staining
solution for 10∼40 min to get visualized.

(I) Creation of plastic immunochips for colorimetric detection
of human IgG After the NHS activation step, anti-human
IgG antibody (100∼250 μg/mL) in a PBS buffer (containing
20 mM phosphate, 150 mM NaCl, 5% glycerol) at pH 7.4
was delivered onto the PC surface through a PDMS plate
with a small pool, and the plastic chip was then kept in a
humid box for 5 h. After the PDMS plate was peeled off, the
reaction zone was passivated with a PBS-blocking buffer at
pH 7.4 (containing 20 mM phosphate, 150 mM NaCl, 3%
BSA (globulin-free), 0.1% gelatin, 0.05% Tween 20) for
15 min to reduce non-specific adsorption. A second PDMS
plate with multiple microchannels was placed on top of the
plastic chip. Human IgG solutions of different concentration
were injected into the channels and were allowed to stay
there for 60 min at room temperature. After removal of the
second PDMS plate, the chip was washed with the PBS
buffer and immersed in a solution of biotinylated anti-
human IgG antibody (1 μg/mL) for 60 min. The chip was
subsequently washed with PBS buffer and was immersed in
a solution of gold-conjugated streptavidin for another
60 min. After that, the chip was washed by deionized water
thoroughly, and finally subjected to the silver staining
treatment.

(II) Creation of plastic DNAchips for colorimetric detection
of target DNA Probe DNA (20∼50 μM, Probe I) in 0.1 M

PBS buffer at pH 7.0 was delivered onto the NHS activated
PC surface and was allowed to react with the surfaces for
5∼10 h. After removing the PDMS plate, we treated the
reaction zone with a PBS-blocking buffer for 15 min. Then,
the targeted DNA (Target I) with different concentrations in
a Tris buffer (10 mM Tris, 250 mM NaCl, 50 mM MgCl2,
pH 7.0) was delivered into the reaction zone through a
PDMS multichannel plate. After 1 h for the hybridization
reaction, the chip was washed with the PBS buffer and
immersed in the reporter DNA (1 μM) solution for another
60 min to form the sandwich binding units. The chip was
again washed with PBS buffer and immersed in a solution of
gold-conjugated streptavidin for another 60 min and was
eventually subjected to the silver staining treatment.

(III) Silver staining treatment The plastic biochips were
initially washed with deionized water to remove those in-
terfering anions (especially Cl− and PO4

3−). After washing,
they were immersed in a freshly made silver enhancement
solution which consists of silver salt (silver acetate) and
reducing agent (hydroquinone). It should be emphasized
that the silver enhancement solution (after mixing) is re-
quired to be replaced with a refresh solution every 10 min in
order to obtain a good staining effect.

(IV) Creation of plastic immunochips based on other detection
methods The fluorescent-based biochip and the enzyme-
catalyzed-based biochip were both prepared by following
the same procedure as for fabricating the silver-staining-
based biochip (see Protocol I) except for using different
reporting units. For example, cy3-modified streptavidin

Scheme 1 Schematic illustration of the construction and application of a colorimetric-based plastic biochip including substrate surface activation,
probe immobilization, sensor unit formation, signal transduction, and visualization steps
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was used instead of gold-conjugated streptavidin to fabricate
the fluorescent-based biochip while horseradish peroxidase-
labeled anti-human IgG was employed in place of biotiny-
lated anti-human IgG to create the enzyme-catalyzed-based
biochip. The enzyme-catalyzed-based immunochips was vi-
sualized by immersing it into a TMB substrate solution for
5∼15 min; after that it was washed by deionized water and
stored in the dark.

Results and discussion

Fabrication, signal transduction, and signal readout protocol

The probe immobilization, sensor unit formation, signal
transduction, and visualization are the four essential steps
to construct a colorimetric-based biochip. When plastic is
used as a solid support, special attention needs to be paid to
its surface activation due to the shortage of simple and
effective methods for treating a plastic substrate. In the
following sections, we will describe the procedures to con-
struct and implement the colorimetric-based plastic biochip.

Fabrication and signal transduction Plastic substrates are
generally hydrophobic and incompatible with harsh organic
solvents; therefore, most of the currently used methods cannot
be applied to the plastic substrates. We herein adopt the UV/
ozone treatment (i.e., UV irradiation in combination with
ozone exposure) protocol developed recently [37] to activate
the plastic substrates. As demonstrated previously, upon un-
dergoing 10∼20 min UV/ozone treatment (see Scheme 1), the
surfaces of plastic substrates will produce high density of
carboxylic acid groups (likely via the photo-Fries rearrange-
ment reaction). Probe biomolecules (DNA, antibody, or pro-
tein) are then covalently attached to the activated plastic
substrates via the amide coupling reaction (i.e., active carbox-
ylic acid groups react with the amine groups in the probe
biomolecules) and to form desired patterns with the assistance
of PDMS microfluidic plates. The probe-tethered plastic sub-
strates (i.e., plastic biochips) are able to extract target biomo-
lecules from liquid samples and to form complexes on the
plastic surfaces based on the specifically biological interac-
tions between probes and targets. Signal reporting units,
AuNP-labeled DNA or antibody, are specially introduced to
form a sandwich-structured complex (i.e., probe-target-
reporter, see Scheme 1) in order to achieve label-free detec-
tion. Such sandwich structure can practically minimize the
cross contamination between the targets and substrates. The
AuNP-catalyzed silver deposition (silver staining) method
usually requires 10∼20 min (depending on target concentra-
tion) to obtain visible signals (either dots or lines) with high
enough contrast for visualization of the biorecognition events.

It may be of interest to note that the resulting Au/Ag particles
can grow to 10–100 times the size of the gold particle prior to
the silver staining treatment, i.e., the signal has been essen-
tially amplified by the silver deposition process.

Signal readout and data analysis After signal transduction
and visualization, the plastic biochip is ready for signal
readout via scanning or imaging. Compared to digital cam-
eras, the flatbed scanner demonstrates a higher detection
throughput and better imaging reproducibility, when it is
used to read colorimetric-based biochips. There are two
types of flatbed scanners, which operate in a transmission
mode or in a reflection mode, respectively. The scanner
operating in transmission mode has been found to have a
better imaging performance in terms of higher definition,
better discrimination and wider response range than the
reflection mode scanner. Particularly, we have compared
the images, using these two types of scanners with identical
setting, of the same biochip. As shown in Fig. 1, the scanner
operating in transmission mode shows a much clearer image
than that in reflection mode in terms of the contrast. Further
analysis (see Fig. 1c) unveils the signal-to-noise level in the
transmission mode is about twice as high as that in reflection
mode across the whole testing concentration range although
the signal responses in both cases follow a similar trend. We
think this discrepancy may be attributed to the different
pathways that the light beam travels in the two cases; for
instance, the beam emitting from the light source to the
CCD detector only hits the strips once in the transmission
mode (see Fig.1b) but twice in the reflection mode (see
Fig.1(a)). Therefore, the scanner operating in a transmission
mode is more sensitive to the darkness variation of the
binding strips. The raw optical images of the biochips were
subsequently analyzed by using an image-editing program
(e.g., Adobe Photoshop) to attain the optical darkness ratio
corresponding to the binding signal intensity. The optical
darkness ratio (ODR) of each strip (or dots) is defined as

ODR ¼ ðIb � IsÞ=Ib ð1Þ

where Ib is the average luminosity of the background and Is
the value for the binding site, which is a function of the size
and density of Au/Ag nanoparticles [16, 39]. Since ODR is
directly proportional to target concentration, we thus can
quantitatively examine any target of interest by comparing
its ODR value to its standard response curve in which the
ODR value is plotted against target concentration.

Plastic biochips (immunochips) for colorimetric detection
of human IgG

To show the application of the above-mentioned detection
protocol, we have first fabricated plastic immunochips that
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are able to detect human IgG colorimetrically. For fabricating
such biochips, IgG antibodies (anti-human IgG) are immobi-
lized on plastic substrates as probes to capture human IgG in
solution, followed by binding with biotinylated or AuNP-

labeled anti-human IgG antibodies which function as reporters
to construct the sandwich-format sensor complexes (see
Fig. 2a). The IgG binding sites were then treated with a silver
staining solution, which led to signal amplification.

Fig. 1 Comparison of the imaging performance between a conven-
tional reflection-mode scanner and a transmission-mode scanner. a–b
The working principle and the obtained images from the two types of

scanners. c Quantitative analysis of the imaging quality obtained with
both scanners in terms of signal response and discrimination
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Fig. 2 Plastic biochips for colorimetric detection of human IgG. a
Schematic illustration of the sensor structure of the plastic immuno-
chips, b–c the forming patterns (lines or spots) of the immunochips
upon binding with 0.5 μg/mL human IgG and then undergoing 15 min

silver staining treatment. d–e The signal level of the binding lines and
spots shown in (b–c). The insert in c is the magnified SEM image of
binding spots
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Impressively, the plastic immunochips have demonstrated
excellent performance in detecting IgG in terms of sensitivity,
specificity, and reproducibility.

As shown in Fig. 2, under the same binding conditions
(including concentration and binding environment), the bio-
chips ultimately produce identical binding patterns (binding
lines or binding spots, depending on how to deliver the
probe and target) with similar darkness and signal intensity
upon silver staining, indicating good detection reproducibil-
ity as well as high-detection throughput in this case. It is
well-known that cross contamination, particularly the
sample-to-substrate contamination, is one of the major
issues in use of plastic biochips.[38, 39] We have shown
that the immunochips fabricated herein only show little
cross contamination from sample-to-substrate (IgG to PC
surface) as well as sample-to-sample (biotinylated anit-
human IgG to anti-human IgG antibodies) (see Fig. S1 in
Supplement Material). We think such low-level cross con-
tamination may be attributed to the adoption of the sand-
wich sensor structure as well as the multiple blocking
strategies in the preparation of plastic biochips. To examine
the detection sensitivity, we have investigated the response
of the plastic immunochips to IgG target with various con-
centrations. As shown in Fig. 3, after 10∼20 min of silver
staining, the binding strips corresponding to different con-
centrations of IgG appear on the biochips and exhibit vari-
ous optical darkness. Quantitative analysis (Fig. 3b) further

reveals the signal gradually increases in the concentration
range of 0.01∼1.0 μg/mL but reaches saturation when the
concentration is higher than 1.0 μg/mL. It was also found
that the detectable concentration range of IgG is dependent
on the staining time. In other words, the linear dynamic
range of the biochips can be shifted, which in fact is much
wider than the one shown in Fig. 3b. In addition, atomic
force microscopy (AFM) images reveal that the binding
lines are composed of large-sized nanoparticles (ca. 80–
200 nm, depending on staining time) with varied densities,
gradually increasing with increasing IgG concentration. The
particle size varies slightly in different lines, probably due to
the competitive growth among of gold nanoparticles with
different surface densities.

Since the silver staining time directly influences the signal
intensity, it is important to investigate the staining kinetics. As
shown in Fig. 4a, the lines with bound IgG gradually appear
and become darker with the increasing of staining time.
However, the lines (lines 1∼4) tested with high concentrations
of IgG (≥1.0 μg/mL) typically take 10 min (or less) to develop
a strong signal and 25 min (or less) to reach saturation,
whereas prolonged silver staining (15∼20 min to obtain clear
signals and 30∼50 min to saturate) is needed when the con-
centration is low (≤0.1 μg/mL, lines 7∼12). To further study
the staining kinetics, we have also recorded the intensity
variation of the binding lines corresponding to the highest
concentration of IgG (lines 1∼2), the lowest concentration of

µµ

a b

c

Fig. 3 Plastic immunochips for colorimetric detection of human IgG.
a The optical image of the binding lines corresponding to different
concentrations of human IgG. b The optical darkness ratio of the

binding lines as function of IgG concentration. c AFM images of the
binding lines to show the size and density of gold/silver particles on the
surfaces
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IgG (lines 11–12) and the one without IgG (blank). It can be
seen from Fig. 4b and c that the changes of lines 1 and 2 (the
highest signal) are more significant and quicker than that of
lines 11 and 12 (the lowest signal) during the staining process.
Moreover, it can also be observed that the background signal
will increase slightly with the prolongation of staining time.
Therefore, in consideration of the fact that all the binding sites
including the backgroundmay have different staining kinetics,
there should be an optimal staining time (such as the region
marked in Fig. 4b) for the biochips binding with different
concentrations of targets, so that the detection sensitivity can
be essentially enhanced.

Plastic biochips (DNAchips) for colorimetric detection
of target DNA

The successful detection of human IgG on plastic surface
gave us confidence to probe other types of analyte (such as
DNA) by using the plastic biochips. In order to realize label-
free detection of DNA, we have created a sandwich-format

assay on plastic substrates as formerly described (see
Scheme 1), i.e., immobilizing amine-modified DNA mole-
cules on plastic substrates to serve as probe, allowing the
probe to capture target DNA from solution, and employing
AuNP-labeled DNA strands to report the hybridization
events. As shown in Fig. 5 and Fig. S2, the plastic biochips
demonstrate a good performance in detecting DNA. For
example, as the biochips bind with the same target DNA,
clear and uniform binding patterns (including shape, color
and signal intensity, see Fig. S2 in Supplement Material)
appears on the plastic surfaces after silver staining, confirm-
ing the biochips have a good reproducibility and specificity.
More importantly, this type of biochips also exhibit a good
response to different concentrations (from nanomolar to
micromolar) of targeted DNA, and is able to detect as low
as 10 nM (1.0 μL×10 nM010.0 fmol) of target molecules
(Fig. 5). Therefore, the detection limit (the lowest detectable
concentration of the target) of this colorimetric-based plastic
biochip is much lower than that of the fluorescent-based
detection protocol (ca 0.1 μM) [38, 39]. AFM images again

a b

c

Fig. 4 The effect of staining time on the signal intensity. a The optical
images of the same biochip taken at different staining times, b the
optical darkness ratio of the strongest and the weakest binding lines as

function of staining time, c the gray level of the strongest binding lines,
the weakest binding lines and background as function of staining time
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Fig. 6 Performance comparison of silver staining-based plastic biochip,
a fluorescent-based plastic biochip and enzyme-catalyzed-based plastic
biochip. a The scanning image of the enzyme-catalyzed-based plastic
biochip upon binding with different concentration of human IgG and
undergoing TMB substrate deposition, b the fluorescence image of the

fluorescent-based plastic biochip upon binding with different concentra-
tion of human IgG, c the scanning image of the colorimetric-based plastic
biochip upon binding with different concentration of human IgG and
undergoing silver staining treatment, d the optical darkness ratio of the
binding lines shown in (a–c) as function of IgG concentration

µµM

a b c

d

Fig. 5 Plastic DNAchips for colorimetric detection of DNA. a Sche-
matic illustration of the construction of the plastic DNAchips, b the
forming binding patterns upon hybridizing with different concentration
of target and then undergoing 30∼40 min silver staining treatment, c

the optical darkness ratio of the binding lines shown in b as function of
target DNA concentration. d AFM images of the binding lines to show
the size and density of gold/silver particles on the surfaces
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confirmed that the binding lines formed on the DNAchips
consist of large-sized nanoparticles (ca. 100–400 nm) and
that there is a good correlation between particle densities
and target concentrations. However, it should be pointed out
that the signal response level (ODR value) of this plastic
DNAchip is much lower than that of the plastic immuno-
chips (for IgG.). This is a common issue for plastic
DNAchips, which may be due to the low probe surface
density [37–39] and the rather complex sensor construction
involving one immobilization and two hybridization steps.

Comparison with other detection methods

To further evaluate the performance of this colorimetric-
based biochip (also called silver staining-based plastic bio-
chip), we have compared its IgG response with that of an
enzyme (horseradish peroxidase)-catalyzed-based biochip
and that of a conventional fluorescent (Cy3-labeling)-based
biochip. As shown in Fig. 6, the silver staining-based plastic
biochip demonstrates the best response to human IgG al-
though the three plastic biochips, apart from the use of
different labels, are fabricated under identical conditions.
The detection limit and the signal response level of the silver
staining-based plastic biochip are, respectively, three to five
times lower and two to three times higher than those of the
fluorescent-based one, and are three to five times lower and
three to four times higher than those of enzyme-catalyzed-
based one. It is easy to understand that the detection perfor-
mance of the silver staining-based biochip should be better
than that of the fluorescent-based one in consideration of the
signal enhancement effect from silver staining and the least
signal interference effect from substrate fluorescence.
However, we were surprised to find that the detection per-
formance of the silver staining-based biochip is also better
than the enzyme-catalyzed-based biochip that works in the
same manner as an enzyme-linked immunosorbent assay.
We think this interesting phenomenon may be attributed to
the binding sites in the two biochips have different blocking
effects on the scanning light beam: the large-sized metal
particle of the silver staining-based biochip has a stronger
scattering and reflection effect on the incident light than the
TMB precipitate does in the latter. Moreover, it should be
pointed out that the silver staining-based biochip also dem-
onstrates some additional advantages (such as higher light
stability, lower readout cost and higher readout speed) com-
pared to the other two standard biochips, which is particular
important in the practical application of biochip.

Conclusion

In summary, we have developed a novel colorimetric plastic
biochip that is able to sensitively detect analyte of medical

relevance. To fabricate such a biochip, we adopt UV/
ozone treatment in conjunction with amide coupling
reaction to immobilize probe; the sandwich-assay format
allows direct detection of target; and AuNP-catalyzed
silver deposition leads to enhanced biorecognition read-
out. Conventional flatbed scanners and imaging pro-
grams can be used to image the biochip and analyze
the data. We identified the scanner operating in trans-
mission mode is ideal for imaging the colorimetric-
based biochip. As two proof-of-concept applications,
we constructed plastic immunochips and DNAchips
and investigated their response to targets. The two types
of plastic biochips both demonstrated excellent detection
performance, which were able to detect human IgG and
targeted DNA at levels as low as 10 ng/mL and 10 nM
respectively. Moreover, the detection limit and the re-
sponse range of the colorimetric-based biochip are both
found to be dependent on staining time and thus can be
dynamically modulated. To further evaluate its detection
performance, we compared this silver staining-based
colorimetric biochip with an enzyme-catalyzed-based
biochip and a conventional fluorescent-based biochip.
It has been found that the silver staining-based plastic
biochip showed the best response to human IgG (in
terms of the detection limit and signal response level)
although the three plastic biochips were all, aside from
the use of different labels, fabricated under near identi-
cal conditions. Therefore, we believe the colorimetric-
based plastic biochip developed herein promises an ide-
al platform for carrying out on-site rapid analysis and
pre-screening detection.
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