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A simple, rapid and ultrasensitive colorimetric detection of

protein using aptamer–Au nanoparticles (AuNPs) conjugates

based on a dot-blot array has been developed, which was

combined with the unique optical properties of AuNPs, enabling

the visual detection of protein within minutes without any

instrument.

Aptamers are short single-stranded nucleic acids that are

selected in vitro from a huge combinatorial library using the

‘‘systematic evolution of ligands by exponential enrichment’’

(SELEX) procedure based on their affinity and specificity for

the targets ranging from small inorganic or organic substances

to proteins or cells.1–3 Since their first discovery in the 1990s,

aptamers are starting to appear in a series of applications in

biosensors,4 imaging probes5 and drugs6 due to their high

binding ability. However, a key challenge to their successful

applications is how to transform the aptamer-binding events

into physically detectable signal. Optical or electrochemical

aptamer biosensors based on enzyme,7 fluorophore,8 nano-

particle labels or on a binding-induced label-free detection9

have been developed to meet this challenge. Even though, only

a few of them can be used in practical applications such as in

home and clinical tests due to the high requirements for the

personal experience or the expensive measurement instrument.

Gold nanoparticles (AuNPs) have been widely used in im-

munoassay,10 biochip11 and aptasensor12 read out techniques

due to their long-term stability, friendly biocompatibility with

biomolecules such as antigen, antibody and DNA, and their

unique optical properties. Recently, Lu’s group has developed

a colorimetric sensor for the detection of small molecules

based on aptamer,13 and our group also developed a kind of

colorimetric sensor for detection of a-thrombin based on

AuNPs through the interaction of the aptamer to a-throm-

bin.14 However, one big disadvantage of the colorimetric

sensors based on AuNPs for the detection of small molecules

or proteins in solution is the interference from the color of

background, resulting in the decrease in detection sensitivity of

the sensors. Based on this idea, Liu et al. have developed a

simple and sensitive dipstick test for small molecules based on

lateral flow separation of aptamer-linked nanostructures,15

which is a positive step towards improving the user-friendli-

ness and sensitivity.

Herein, we developed a simple, rapid and ultrasensitive

colorimetric detection of protein based on aptamer–AuNPs

conjugates using a dot-blot assay, taking a-thrombin as a

model protein. Based on the fact that AuNPs have the unique

chemical and physical properties, when AuNPs were functio-

nalized with a-thrombin-binding-aptamer (TBA), it can be

bound on the active site of a-thrombin immobilized on the

membrane with high affinity to form the red dots, which can be

observed within minutes with the naked eye without any

instrument. Taking advantage of the color transfer that is

from colorless to red, the aptasensor is anticipated to have

high sensitivity and selectivity for protein detection due to the

high affinity of aptamer to the target. Another has to be

pointed out that during our submission we found Jana et al.

used the Au–SiO2 nanoparticles as the probe to detect protein

based on a dot-blot assay,16 further indicating this method has

gained more attentions in bioanalysis. More importantly, we

have extended this method to detect the targets in a complex

biological sample such as human plasma, providing great

promise of this device in clinical application.

The overall process of fabricating the device is shown in

Scheme 1. Standard samples containing different concentra-

tions of a-thrombin were firstly immobilized on the nitro-

cellulose (NC) membrane through both the electrostatic and

hydrophobic interactions between the protein and the nitro-

cellulose.17 And then the membrane was blocked by 10% BSA

for 2 h at the room temperature to block the rest sites of the

nitrocellulose. The well blocked membrane was then incubated

with the TBA-labeled AuNPs at 37 1C for 20 min. Then the

red dots will appear on the membrane clearly. The color

intensity of the dots will differ with the different concentra-

tions of the protein due to the optical properties of AuNPs, as

shown in the Scheme 1. To increase the detection sensitivity,

silver enhancement solution was used to cover AuNPs and

intensify the color of AuNPs.

AuNPs used in this system are stabilized by citrate and

synthesized according to the method reported by Daniel et al.

and Storhoff et al.18 The modification of AuNPs by TBA was

performed according to the procedures in the literature.19

TEM image shows that the diameter of the AuNPs is

B13 nm with the surface plasmon absorption at 519 nm

(shown in Fig. S1 in ESIw).
The optical images of the red dots with different levels of

a-thrombin on NC membrane are given in Fig. 1A from spot 1
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to 7, respectively, from which the color change is evident with

the level of a-thrombin. With the increase of the level of

a-thrombin, the spot intensity of a dot is improved and no

color can be seen when the level of the a-thrombin was

decreased to 0.115 pmole without silver enhancement.

The levels of a-thrombin on NC membrane were able to be

quantified using Adobe Photoshop software as proposed by

Nam et al.,20 each spot was selected and the selected area was

quantified using the histogram function with the brightness

channel option of the Adobe Photoshop. The mean value from

the histogram window was used to calculate the spot intensity

of each spot. It has to be pointed out that the spot intensity

herein is defined as the mean channel value of a control spot

(with no red dot) divided by that of a given sample spot.

Fig. 1C gives the spot intensity response to the level of

a-thrombin, from which the dynamic range of this assay

ranging from 0.115 pmole to 3.7 pmole can be obtained.

To improve the detection sensitivity, silver enhancement

solution was used as reported by other groups.21 The dot

images were given in Fig. 1B and the dot can be seen clearly

even the level of a-thrombin was decreased to 0.115 pmole,

further indicating silver enhancement can improve the detec-

tion limit. Much lower levels of a-thrombin can be detected

upon silver enhancement and the detection limit is 14 fmole as

shown in Fig. S2 (ESIw). The detection curve for a-thrombin

corresponding to red dots with silver enhancement in Fig. 1B

is given in Fig. 1D and the dynamic range of this assay ranging

from 14 fmole to 1.85 pmole can be obtained.

Control experiments were conducted to reveal the selectivity

and specificity of the recognition reaction for the detection of

BSA, b and g-thrombin as shown from spots 8 to 10 in Fig. 1.

Upon the interaction of the TBA–AuNPs with foreign

proteins, no color change was detected, even under the

enhancement of silver solution, indicating almost no binding

of the TBA modified AuNPs to the other proteins occurred.

When the level of b-thrombin is increased to 10 pmole the red

dot can be seen on the NC membrane, indicating a higher level

of b-thrombin may give little interference to the detection of

a-thrombin as shown in Fig. S3 (ESIw).
Finally, the possibility of using this device for the detection

of the analyte in a complex biological sample such as human

plasma was investigated. Healthy human plasma was

pretreated firstly as reported by Mascini and co-workers22

and diluted to 1%. Then, a-thrombin was added into the

Scheme 1 Description of colorimetric detection of protein by aptamer–AuNPs conjugates based on a dot-blot assay.

Fig. 1 Dot images for colorimetric detection of a-thrombin without (A) and with silver enhancement (B) for different levels of a-thrombin. The

level of a-thrombin from 1 to 7 is 18.5, 3.7, 1.85, 0.925, 0.463, 0.230, and 0.115 pmole, respectively. Control experiments were conducted on 8, 9, 10

for 1.0 pmole of BSA, b-thrombin and g-thrombin, respectively. (C) Detection curve for a-thrombin corresponding to red dots in Fig. 1A and (D)

detection curve for a-thrombin corresponding to red dots (with silver enhancement) in Fig. 1B.
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pretreated diluted plasma to test the performance of

TBA–AuNPs conjugates to the analyte as shown in Fig. 2.

The recorded signals increased with the level of added

a-thrombin in plasma and the 1% plasma and 1 pmole BSA

have no interference to the results, demonstrating the device

was able to operate in this complex matrix. It should be

pointed out that different concentrations of plasma have been

conducted as shown in Fig. S4 (ESIw), which indicates that 8%

plasma has little interference on the results with silver en-

hancement while 10% plasma has interference on the detection

as shown in spot 10 of Fig. 2. That is to say, over and above

8% plasma will interfere with the sensor working. In addition,

different concentrations of BSA have also been done as shown

in Fig. S5 (ESIw). The results indicate that 5% BSA (corre-

sponds to 735 mM) has no interference on the detection, and

over and above 10% BSA will interfere with the sensor

working (data not shown).

In summary, we have developed a simple, rapid and ultra-

sensitive colorimetric detection for protein using a dot-blot

AuNPs assay. Due to the strong affinity between aptamer and

protein, red dots can be visible to the naked eye without any

instrument. The aptasensor has high sensitivity with the

detection limit of 14 fmole with silver enhancement (such

detection limit corresponds to the concentration of 14 pM in

1 mL sample). Based on the high binding activity of aptamer

with the protein, the aptasensor also shows very high selectiv-

ity. More importantly, the overall process is amenable for

extension to detect targets in complex biological sample such

as human plasma.
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Fig. 2 Dot images for colorimetric detection of a-thrombin in 1%

human plasma without (A) and with silver enhancement (B). The level

of a-thrombin in 1% plasma from 1 to 7 is 9.25, 3.7, 1.85, 0.925, 0.463,

0.230, and 0.115 pmole, respectively. Control experiments were con-

ducted on 8, 9, 10 for 1% human plasma, 1.0 pmole of BSA, and 10%

human plasma, respectively.

2522 | Chem. Commun., 2008, 2520–2522 This journal is �c The Royal Society of Chemistry 2008


