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Label-free and real-time detections of the interactions of swine IgG
with goat anti-swine IgG by oblique-incidence reflectivity
difference technique
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With the oblique-incidence reflectivity difference (OIRD) technique, we successfully label-free

detected the interaction of swine IgG with different concentrations of 0.125, 0.25, 0.5, 1 mg/ml, and

5 lg/ml goat anti-swine IgG, and real-time detected the reaction dynamic processes of 0.5 mg/ml

swine IgG and goat anti-swine IgG with different concentration of 5, 10, and 20 lg/ml, respectively.

The interaction times are about 2043, 1828, and 1347 s for the reactions of 0.5 mg/ml swine IgG and

goat anti-swine IgG of 5, 10, and 20 lg/ml, respectively. By fitting the reaction dynamic curves, we

obtained that the association constant of swine IgG and goat anti-swine IgG is 1620.77 M�1�S�1 at

temperature about 22 �C. The experimental results demonstrate that the OIRD is a promising

and competing method for label-free and real time detecting the biomolecular interactions and

achieving the quantitative information of reaction kinetics. VC 2012 American Institute of Physics.

[http://dx.doi.org/10.1063/1.4754469]

I. INTRODUCTION

Biomolecular interactions are widely studied with

fluorescence-based detection method.1–3 Fluorescence-

based detection is well-known for the high sensitivity and

high-throughput. However, adding the fluorescence materi-

als may change the innate property of the biomolecular.4,5

In addition, the fluorescence-based detection on the microar-

ray can hardly give the association constant of the biomolec-

ular reaction, which is very important to determine the

reaction velocity and the affinity of one molecular with

another molecular. The association constant is also very im-

portant in drug screening because it is used to determine

which drug is the most effective to the disease. Although

there are some other methods to detect the dynamic pro-

gress, for example, surface plasmon resonance (SPR).

Because SPR needs valuable slide coated with gold and the

throughput is not high enough, the SPR is limited to be used

in some fields. It is still a big challenge to obtain label-free

and high throughput detection method for biological micro-

arrays, and the development of highly sensitive and reliable

label-free detection techniques would bring about revolu-

tionary impact on the biomolecular science.6–8 Oblique-

incidence reflectivity difference method (OIRD), with the

characteristics of label-free and high-sensitivity, has been

applied to detect the biological microarrays.9,10 In our previ-

ous works, we have label-free detected the protein and oli-

gonucleotide microarrays by OIRD method.11–17 In this

paper, we report the label-free and real-time detections of

the interactions and the reaction dynamic processes of swine

IgG with goat anti-swine IgG.

II. EXPERIMENTS

In Fig. 1, we show the scheme of the OIRD system for the

label-free and real-time detection of biomolecule interaction.

As mentioned in our previous works,11,17 we choose a

p-polarized He-Ne laser with a wavelength of k ¼ 632.8 nm as

the detection light beam. The light beam passes through a pho-

toelastic modulator (PEM) such that the polarization of the

light beam oscillates from p- to s- polarization at the frequency

of X ¼ 50 kHz. Then the light beam passes though a phase

shifter (PS) which would introduce a variable phase /ps

between the p- and s-polarized components. The light beam is

focused by an optical lens into the microarray surface near the

Brewster angle h ¼ 57.6�. The reflected beam then passes

though an analyzer (A) with its transmission axis set at hA

from s-polarization. At last, the beam is detected by a photo-

diode (PD). We measure the first harmonic and the second har-

monic signals by two lock-in amplifiers. Briefly, let rp0

¼ jrp0jexpðiup0Þ and rs0 ¼ jrs0jexpðius0Þ be the respective

reflectivity of the bare microarray surface for p and s-polarized

components, and rp ¼ jrpjexpðiupÞ and rs ¼ jrsjexpðiusÞ
be the respective reflectivity of the biomolecule layer on

the microarray surface, respectively. We define Dp ¼ ðrp

�rp0Þ=rp0 and Ds ¼ ðrs � rs0Þ=rs0 as the fractional change of

reflectivity, according to the classical three-layer model,11

Dp � Ds ¼ �i
4pesðtan hincÞ2cos hinc

e0
1
2ðes � e0Þ

es

e0

� ðtan hincÞ2
� �

2
664

3
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ed

daver

k

� �
; (1)

where ed, es, and e0 are the optical dielectric constants of the

bio-sample, microarray, and the air, respectively, and daver is
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the average thickness of the biomolecular layer. For the real-

time detection of biomolecular interaction process, daver

would change as the biomolecules are gradually reacted. At

the end of the reaction, daver would tend to converge to a def-

inite count. Therefore, we can label-free detect the reaction

results and real-time monitor the interaction processes by

OIRD method.

In the experiment, we selected homemade polymer brush

functionalized glass slide as the microarray; the making pro-

cedure is reported by Hu et al.,18 and selected swine IgG as

the target, goat anti-swine IgG as the probe. As shown in

Fig. 2, the microarrays consist of four swine IgG concentra-

tions and two rows of negative control-bovine serum albumin

(BSA). (The swine IgG and BSA were purchased from Cali-

Bio, Inc., and goat anti-swine IgG was purchased from KPL,

Inc., USA.) Every concentration of swine IgG has ten spots.

The swine IgG was dissolved in a solution of 1�PBS (phos-

phate buffered saline) with 40% (v/v) glycerol, and goat anti-

swine IgG was dissolved in a solution of 1�PBS (all the

phosphate buffer saline, pH 7.4) with 50% (v/v) glycerol. We

used a robot arrayer (PersonalArrayerTM 16, CapitalBio

Corporation CA) to transfer the targets to the slide. The diam-

eter of the sample spots is about 120 lm and the distance of

the nearest spots (center to center) is about 500 lm. In order

to lower the contamination, we first transferred the BSA to

the slide and then the 0.125, 0.25, 0.5, and 1 mg/ml swine

IgG to the slide. In order to make the swine IgG and BSA

bind covalently to epoxy groups on the functionalized glass

surface, the prepared microarray was preserved in a drying

container at room temperature for 16 h. After that, the micro-

array was washed in PBST (1�PBS, pH 7.4 with 1% twain)

for 5 min, 1�PBS for 5 min, deionized water for 5 min,

respectively, and dried with a slow nitrogen flow.

In order to measure the reaction result of the microarray

with the different concentration swine and goat anti-swine

IgG, the microarray was fixed on a reaction chamber in the

two dimensional (2D) scanning stage of the OIRD system.

We detected the Im{Dp-Ds} signals and obtained the 2D

scanning images of the microarray when the scanning stage

made a 2D scanning. Before reaction, we filled the reaction

chamber with 1�PBS and label-free measured the 2D scan-

ning image of the swine IgG microarray with different con-

centrations. Then, 1�PBS was substituted with 5 lg/ml goat

anti-swine IgG in the reaction chamber, and we measured

the 2D scanning images at the reaction end.

In order to acquire the association constant between

swine IgG and goat anti-swine IgG, we prepared the same

three microarrays; there are two spots of 0.5 mg/ml swine

IgG and two spots of BSA in a row for the every microarray.

We label-free and real-time detected the reaction dynamic

processes of the microarrays with 20, 10, and 5 lg/ml goat

anti-swine IgG, respectively. The preparation and experi-

mental processes of the microarrays are the same as men-

tioned above. The microarrays were, respectively, fixed on

the reaction chamber, and 20, 10, and 5 lg/ml goat anti-

swine IgG were, respectively, injected into the chamber to

react with 0.5 mg/ml swine IgG. Simultaneously, the scan-

ning program was carried out and the probe light spots scan-

ning to and fro along the centerline of the five sample spots

in the microarray surface. The reflective light intensity pro-

portionately corresponding to Im{Dp-Ds} was directly

detected; we obtained reaction kinetics curves of the swine

IgG microarrays with the three different concentrations of

goat anti-swine IgG, respectively.

III. RESULTS AND DISCUSSION

Figures 3(a) and 3(c) show the 2D scanning images of

Im{Dp-Ds} signal intensities of before and after reaction.

However, the interaction result of swine IgG and goat anti-

swine IgG is not very obvious; even we can see the BSA

spots which should not bind with goat anti-swine IgG. In

order to acquire the clear result, we made the difference of

Im{Dp-Ds} signals between before and after reaction, i.e.,

subtracted (a) from (c), as shown in Fig. 3(e). Figs. 3(b),

3(d), and 3(f) are the intensity profiles taken along the yellow

lines in Figs. 3(a), 3(c), and 3(e). The swine IgG concentra-

tion from top to bottom decreases sequentially from 1 to 0.5,

FIG. 2. The sketch of swine IgG microarray. There are the same ten spots

for every swine IgG concentration and BSA. S1: 1 mg/ml swine IgG; S2:

0.5 mg/ml swine IgG; S3: 0.25 mg/ml swine IgG; S4: 0.125 mg/ml swine

IgG, B: BSA.

FIG. 1. Sketch of OIRD system for label-free and real-time detection of bio-

molecular interaction. Laser, a 7 mW He-Ne laser; PEM, photoelastic modu-

lator; PS, variable phase shifter (half-wave plate); A, polarization analyzer;

PD, photodiode detector. The microarray is fixed on a reaction chamber in a

two-dimensional scanning stage of OIRD system.
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0.25, 0.125, and 0 mg/ml in the microarray, and the gray

scale in Fig. 3(e) and the signal amplitude in Fig. 3(f) show

the concentration difference. From Figs. 3(e) and 3(f), we

can see that the gray scale in Fig. 3(e) and the signal

amplitude in Fig. 3(f) are nearly equal for the spots of 1 and

0.5 mg/ml swine IgG, indicating that the concentration of

0.5 mg/ml IgG has reached saturation for the reaction, and

the gray scale in Fig. 3(e) and the signal amplitude in

Fig. 3(f) are almost zero for all BSA spots, indicating that

the BSA has no binding with goat anti-swine IgG. The exper-

imental results proved that the OIRD method can be used to

label-free detect not only the reaction of protein-protein but

also the different concentrations. In addition, the good inten-

sity profiles in Figs. 3(b), 3(d), and 3(f) demonstrate that it is

possible to make the OIRD detection much faster using one-

dimensional line scan instead of 2D scan as the spots of the

biological sample in the microarray are uniform.

Figure 4 shows the variation of OIRD Im{Dp-Ds}

signals with time for the reaction dynamic processes of

0.5 mg/ml swine IgG and 20, 10, and 5 lg/ml goat anti-swine

IgG. In order to remove the environment interference and to

decrease the systematic error varying with time as far as pos-

sible, we deducted the background from the spot signal and

took an average of the three same swine IgG in the microar-

ray. From Fig. 4, one can see that the Im{Dp-Ds} signal

intensities change with the time performing a exponential

behavior, and the changes of Im{Dp-Ds} signal intensities

corresponding to the different concentrations of goat anti-

swine IgG are different. The higher the goat anti-swine IgG

concentration, the greater the Im{Dp-Ds} signal intensity,

indicating that swine IgG can be captured by goat anti-swine

IgG, and the higher the goat anti-swine IgG concentration,

the faster the reaction. For the buffer spots of BSA, the

Im{Dp-Ds} signal intensity approaches to zero, indicating

that there is no binding between BSA and goat anti-swine

IgG. The curves correspond to the different goat anti-swine

IgG concentrations of 20, 10, and 5 lg/ml eventually tend to

the equilibrium values, meaning that the reactions of swine

IgG and goat anti-swine IgG finish. Thus, from Fig. 4, we

can obtain that, in our case, the reaction times are about

2043, 1828, and 1347 s for the goat anti-swine IgG of 5, 10,

and 20 lg/ml, respectively.

The association constant can be calculated from the

OIRD real-time reaction dynamic curves of swine IgG

obtained under different concentrations of goat anti-swine

IgG. We employed the integrated rate analysis method19 to

FIG. 3. OIRD detection results for the reaction of different concentrations

swine IgG with goat anti-swine IgG. (a) and (c) show the 2D scanning

images of Im{Dp-Ds} signal intensities before and after reaction; (e) is the

difference image of Im{Dp-Ds} signals, subtracted (a) from (c); (b), (d), and

(f) are the intensity profiles taken along the yellow lines in (a), (c), and (e).

FIG. 4. The variation of OIRD Im{Dp-Ds} signals with time for the reaction

dynamic processes of 0.5 mg/ml swine IgG and 20, 10, and 5 lg/ml goat

anti-swine IgG.
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determine the association constant. Generally, for the biomo-

lecular reaction, a simple and reversible reaction model is

proposed

Aþ B
kd

 !
ka

AB;

in our case, A is the goat anti-swine IgG in the aqueous solu-

tion, B is the swine IgG on the surface of the microarrays,

AB is the reaction product of swine IgG and goat anti-swine

IgG, ka is the association constant, and kd is the dissociation

constant. Thus, the association rate of complex AB is

d½AB�=dt ¼ ka½A�½B�t � kd½AB�;

because

½B�t ¼ ½B�0 � ½AB�:

Thus,

d½AB�=dt ¼ ka½A�ð½B�0 � ½AB�Þ � kd½AB�:

The bulk concentration of A is assumed to be constant in

time due to the negligibly small change during interaction,

and the OIRD Im{Dp � Ds} signal R represents the concen-

tration of complex AB on the microarray surface; therefore,

dRt=dt ¼ kaCRmax � ðkaCþ kdÞRt:

Thus,

Rt ¼ E�ð1� e�kstÞ þ R0; (2)

where C is the concentration of the goat anti-swine IgG,

Rmax is the maximal change of OIRD Im{Dp-Ds} signal

in response to a certain concentration, R0 is the response at

t ¼ 0, and

E�¼ kaCRmax=ðkaCþ kdÞ; ks ¼ kaCþ kd: (3)

On the basis of Eq. (2) and Fig. 4, we calculated the values

of ks by fitting the reaction dynamic curves of a set of con-

centrations of the goat anti-swine IgG. Based on Eq. (3), in

Fig. 5, we show the linear fit of ks. From the slope of the red

fit line in Fig. 5, we obtained that the association constant ka

is about 1620.77 M�1�S�1 for the reaction temperature at

about 22 �C.

IV. CONCLUSION

In summary, we label-free detected the microarray

interaction of different concentrations swine IgG with goat

anti-swine IgG, and real-time monitored the reaction

dynamic processes of swine IgG microarrays with different

concentration goat anti-swine IgG, respectively. We

obtained not only the reaction results but also the interac-

tion times and association constant of swine IgG and goat

anti-swine IgG. The experimental results prove that the

OIRD method is a promising technique for label-free and

real time detecting the biomolecular interaction processes

and achieving the quantitative information of reaction

kinetics.

ACKNOWLEDGMENTS

This work was supported by The National Basic Research

Program in China under Project No. 2007CB935700.

1H. Zhu, M. Bilgin, R. Bangham, D. Hall, A. Casamayor, P. Bertone, N.

Lan, R. Jansen, S. Bidlingmaier, T. Houfek, T. Itchell, P. Miller, R. A.

Dean, M. Gerstein, and M. Snyder, Science 293, 2101 (2001).
2M. Schena, Microarray Analysis (John Wiley and Sons, Hoboken, NJ,

2003).
3T. Kodadek, Chem. Biol. 8, 105 (2001).
4X. B. Yu, D. K. Xu, and Q. Cheng, Proteomics 6, 5493 (2006).
5S. Ray, G. Mehta, and S. Srivastava, Proteomics 10, 731 (2010).
6M. Han, X. Gao, J. Z. Su, and S. Nie, Nat. Biotechnol. 19, 631 (2001).
7X. Gao, Y. Cui, R. M. Levenson, L. W. K. Chung, and S. M. Nie, Nat.

Biotechnol. 22, 969 (2004).
8P. Y. Li, B. Lin, J. Gerstenmaier, and B. T. Cunningham, Sens. Actuators,

B 99, 6 (2004).
9X. D. Zhu, J. P. Landry, Y. S. Sun, J. P. Gregg, K. S. Lam, and X. W.

Guo, Appl. Opt. 46, 1890 (2007).
10Y. Y. Fei, J. P. Landry, Y. S. Sun, X. D. Zhu, J. T. Luo, X. B. Wang, and

K. S. Lam, Rev. Sci. Instrum. 79, 013708 (2008).
11X. Wang, K. Yuan, H. Lu, J. Wen, H. B. Lu, K. J. Jin, Y. L. Zhou, G. Z.

Yang, W. Li, and K. C. Yuang, J. Appl. Phys. 107, 063109 (2010).
12H. Lu, J. Wen, X. Wang, K. Yuan, W. Li, H. B. Lu, K. J. Jin, Y. L. Zhou,

K. C. Yuang, and G. Z. Yang, J. Opt. 12, 095301 (2010).
13X. Wang, H. Lu, J. Wen, K. Yuan, H. B. Lu, K. J. Jin, Y. L. Zhou, and

G. Z. Yang, Chin. Phys. Lett. 27, 107801 (2010).
14H. Lu, J. Wen, X. Wang, K. Yuan, H. B. Lu, K. J. Jin, Y. L. Zhou, G. Z.

Yang, W. Li, and K. C. Yuang, Sci. China, Ser. G 53, 1230 (2010).
15K. Yuan, X. Wang, H. Lu, J. Wen, H. B. Lu, K. J. Jin, Y. L. Zhou, G. Z.

Yang, W. Li, and K. C. Yuang, Sci. China, Ser. G 53, 1434 (2010).
16X. Wang, H. Lu, J. Dai, J. Wen, K. Yuan, H. B. Lu, K. J. Jin, Y. L. Zhou,

and G. Z. Yang, Chin. Phys. B 20, 010704 (2011).
17L. P. He, J. Dai, Y. Sun, J. Y. Wang, H. B. Lu, S. F. Wang, K. J. Jin, Y. L.

Zhou, and G. Z. Yang, Chin. Phys. Lett. 29, 070702 (2012).
18W. H. Hu, Y. S. Liu, Z. S. Lu, and C. M. Li, Adv. Funct. Mater. 20, 3497

(2010).
19D. J. Oshannessy, M. Brighamburke, K. K. Soneson, P. Hensley, and

I. Brooks, Anal. Biochem. 212, 457 (1993).

FIG. 5. The fitting of the dynamic constant ka.

064702-4 Wang et al. J. Appl. Phys. 112, 064702 (2012)

http://dx.doi.org/10.1126/science.1062191
http://dx.doi.org/10.1016/S1074-5521(00)90067-X
http://dx.doi.org/10.1002/pmic.200600216
http://dx.doi.org/10.1002/pmic.200900458
http://dx.doi.org/10.1038/90228
http://dx.doi.org/10.1038/nbt994
http://dx.doi.org/10.1038/nbt994
http://dx.doi.org/10.1016/S0925-4005(03)00604-X
http://dx.doi.org/10.1016/S0925-4005(03)00604-X
http://dx.doi.org/10.1364/AO.46.001890
http://dx.doi.org/10.1063/1.2830286
http://dx.doi.org/10.1063/1.3327447
http://dx.doi.org/10.1088/2040-8978/12/9/095301
http://dx.doi.org/10.1088/0256-307X/27/10/107801
http://dx.doi.org/10.1007/s11433-010-4025-y
http://dx.doi.org/10.1007/s11433-010-4024-z
http://dx.doi.org/10.1088/1674-1056/20/1/010704
http://dx.doi.org/10.1088/0256-307X/29/7/070702
http://dx.doi.org/10.1002/adfm.201001159
http://dx.doi.org/10.1006/abio.1993.1355

