
ASIAN JOURNAL OF CHEMISTRYASIAN JOURNAL OF CHEMISTRY
http://dx.doi.org/10.14233/ajchem.2014.14081

INTRODUCTION

Immunoglobulin E is the immunoglobulin component

only found in mammals, its amount is especially small in

human blood serum. And it is capable of result from the most

powerful immune reactions1. The immunoglobulin E plays a

key role in allergic responses, which causing hergthened

researchers' interest and research into the mechanisms of type-1

hypersensitivity2. And its amount increases in patients affli-

cated with allergic asthma, atopic dermatitis and other immune

deficiency-related disease, such as AIDS3,4. So, it is important

to develop a simple and rapid detection method for immuno-

globulin E with high sensitive and selective in clinical diag-

nostics. Traditionally quantitative analysis proteins method in

blood serum including autoradiography, enzyme-linked

immunosorbent assay (ELISA) and western blotting. In these

methods, antibodies are the most common reagent. However,

antibodies were found shortcoming in research process, such

as their temperature-sensitive feature and specific reaction

conditions as well as the need for a secondary antibody conju-

gated to an enzyme and a fluorescent dye. To overcome these

drawbacks, aptamers as a substitute for antibody were used to

biosensors for the detection and measurement biosample or

environmental molecules5. Aptamers are single-stranded RNA

or DNA oligonucleotides and screened by systematic evolution

of ligands by exponential enrichment (SELEX) which offer

highly affinity and specific selectivity to a variety of targets,
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including small molecular6,7, metal ions, DNA and protein8,9.

The specific oligonucleotide aptamer that binds to immuno-

globulin E with high affinity has been elucidated by mass

spectrum10, atomic force microscopy11, capillary electro-

phoresis12, electrochemiluminescence13, electrochemical14, and

biochip15, However, these methods are time-consuming,

separation and laborious.

Herein we report a highly sensitive and selective fluore-

scence polarization assay (FPA) method for detection immuno-

globulin E by aptamer specificity binding immunoglobulin

E event into a detectable fluorescence polarization signal.

Aptamer-based fluorescence polarization detection have been

employed to quantitative analysis of molecular interactions16,17,

determine biomarker18,19 and metal ion20, endonuclease activity

and inhibition screening21. The polarization value (P) can be

calculated by the Perrin equation20, which in turn depend upon

their molecular volume (molecular weight) at constant tempe-

rature and solution viscosity. In this works, we aimed to combine

the advantages of aptamer and fluorescence polarization assay

to develop a method for immunoglobulin E. The fluorescence

polarization value (P) of the aptasensor solution is large due

to the enlargement of molecular volume of the protein-DNA-

FITC complexes with slow rotation. Therefore, the immuno-

globulin E concentrations can be quantified by monitoring the

change in the P value. It is a simple and ideal method for real

time protein signaling in homogeneous solution without the

need for any separation.
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EXPERIMENTAL

The DNA oligonucleotides, including fluorescein isothio-

cyanate (FITC) -labeled 37-nt immunoglobulin E DNA

aptamer 5'(FITC)-GGGGCACGTTTATCCGTCCCTCCT

AGTG-GCGTGCCCC-3' and a scrambled control sequence

5'(FITC)-ATATGTCAGT GATTGAGTTAATTATAATAT

were synthesized and high performance liquid chromatography

(HPLC) purified by Sangon Biotech Co., Ltd. (shanghai, China).

Immunoglobulin E, human immunoglobulin G (IgG) and human

serum albumin (HSA) were obtained from Sigma Aldrich. NaCl,

KCl, MgCl2 and salt phosphate was obtained from Guangzhou

Chemical Reagent (Guangzhou, China). Milli-Q water was

used throughout. The solutions were prepared by diluting the

appropriate volume of the commercial sample in buffer (10

mM sodium phosphate buffer containing 3 mM KCl and 1

mM MgCl2, pH 7.4) and stored at 4 °C. All the other chemicals

used in this work were of analytical grade. Steady-state fluore-

scence experiments were all performed using a Time-resolved

fluorescence spectrometer (HORIBA JOBIN JVON, France).

Fluorescence polarization measurements: A 10 µL

aptamer probe and a certain amount of immunoglobulin E or

control proteins were added into centrifuge tube and then

diluted to 1 mL with buffer. Subsequently the solutions were

incubated for 0.5 h at 37 °C. The final concentration of aptamer

was 10 nM. Finally, Excitation was set at 491 nm and emission

was collected with 517 nm.

RESULTS AND DISCUSSION

Selectivity studies: To validate the interaction between

aptasensor and immunoglobulin E molecule with high affinity

and selectivity, the assay was explored by monitoring the

response of fluorescence polarization toward the other protein

including human immunoglobulin G and human serum

albumin at a concentration 600 ng/mL. The experimental

results of the interferences were shown in Fig. 1. The fluore-

scence polarization aptasensor response to target protein was

higher than the control protein. The polarization values almost

keep immovability in the presence of these control protein.

The specific detection for immunoglobulin E was due to the

high affinity of the aptasensor to immunoglobulin E. The

results clearly showed that this proposed method have high

selectivity for immunoglobulin E over the other protein.
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Fig. 1. Selectivity of the immunoglobulin E assay method. The concen-

tration of immunoglobulin E was 200 ng/mL, the other proteins

were tested at 600 ng/mL. Aptamer probe concentration = 10 nM.

immunoglobulin E (IgE) concentration = 40 ng/mL

In order to further prove that this behaviour resulted from

the immunoglobulin E aptamer and immunoglobulin E, the

scrambled control sequence DNA was tested under the same

experimental conditions as in the case of immunoglobulin E

aptamer (Fig. 2). The concentration of immunoglobulin E,

immunoglobulin G and human serum albumin vary from 0.0

to 1000 ng/mL. The results indicated that no fluorescence

polarization change was observed in the presence of scambled

control sequence DNA. Therefore, these results directly

confirmed that the interaction between the aptamer sensor

and immunoglobulin E had a sufficient affinity specificity

and high selectivity. The selectivity tested for immunoglo-

bulin E was attributed mainly its ability of specific interaction

between aptamer probe and target of immunoglobulin E.
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Fig. 2. Fluorescence polarization respond curve of scrambled sequence

DNA to immunoglobulin E (IgE), HSA and IgG solution. The

concentration of scrambled sequence DNA was 10 nM. The other

conditions were as in Fig. 1

Analytical applications: This method can be used for

sensitive quantification of target protein, the fluorescence

polarization values of complex were determined at different

concentration immunoglobulin E from the same stock solution.

The calibration curve was shown in Fig. 3. One can observe

that the current analytical signal of fluorescence polarization

increased as the concentration of immunoglobulin E increased.

And the calibration curve showed good linearity range from 4

to 200 ng/mL for immunoglobulin E (Inset in Fig. 3). The

linear regression equation was fluorescence polarization (mp)

= 0. 2874 C + 3.5319 (where C is immunoglobulin E concen-

tration) with a correlation coefficient of 0.9984. The fluore-

scence polarization was repeatedly determined for three times.

To test if this protocol method developed here was appli-

cable to practical sample. Human serum samples from four

adult healthy volunteers were analyzed. 100 µL serum was

used to detect immunoglobulin E content according to the

procedure under optimum conditions. The analytical results

were summarized in Table-1. The concentration of immuno-

globulin E in human serum were found to be in the range of

263.5-841.2 ng/mL. These results were in accordance with those

obtained by the capillary electrophoresis  method12. The

precision of the detection results were evaluated by repeatedly
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Fig. 3. Fluorescence polarization respond curve of aptamer probe to

immunoglobulin E solution. Inset: the calibration plots of

immunoglobulin E (IgE). The other conditions were as in Fig. 1

analyzing each human serum sample five times within one

working day. The relative standard deviation (RSD) was 4.5 %.

The various concentration of immunoglobulin E was added to

study recoveries of immunoglobulin E from these serum

samples. The recoveries were found to be in the range of 93.9

to 100.6 %. The results indicated that the proposed system

had good reliability to determine practical assay.

Conclusion

In summary, a simple, rapid, highly selectivity and sensi-

tivity fluourescence aptamer biosenor was found to be suitable

for determination of immunoglobulin E in human serum

through fluorescence polarization strategy. Control experiment

was carried out and the results to confirmed the binding

between aptamer and target protein has highly specific affinity

and selectivity. The analytical results of human serum were in

accordance with those obtained by the HPCE method. It was

worth to mention that the approach have on required anything

separation steps in the whole blood serum assay. These advan-

TABLE-1 
DETERMINATION RESULTS OF IMMUNOGLOBULIN E IN HUMAN SERUM SAMPLES 

Sample Found (ng/mL) RSD (%, n = 5) Added (ng/mL) Total found (ng/mL) Recovery (%) 

1 634.4 3.3 600.0 1225.4 98.5 

2 263.5 2.6 300.0 545.2 93.9 

3 841.2 1.9 800.0 1618.8 97.2 

4 396.0 4.5 400.0 798.4 100.6 

 

tages showed that aptamer-based fluorescence polarization

method had a potential application for the biomedical analysis.
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