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Determination of binding constant of specific interactions and 

binding target concentration simultaneously using a general 

chemiluminescence method  

Lingfeng Gao, Li Ju, Hua Cui* 

The measurement of binding constant of specific interactions and concentration of target is of considerable importance in 

clinical diagnosis, therapy, bioassays and drug designs. The development of methods combined high sensitivity with 

generalization and simplicity for measuring both of binding constant and target concentration are highly desired. 

Previously, we have developed a label-free chemiluminescence (CL) strategy for the measurement of target concentration 

and binding constant between DNA aptamer and target simultaneously based on that target could enhance the CL 

produced by the reaction of N-(4-Aminobutyl)-N-ethylisoluminol (ABEI) functionalized gold colloids with H2O2. In this work, 

the enhancement and inhibition effect of various targets on the CL reaction was studied. The generalization of the 

proposed CL strategy for various targets was explored. These results demonstrate that the proposed CL strategy is suitable 

for the targets that can cause a change in CL intensity, including enhancement and inhibition. It could be applied for 

measuring dissociation constant of aptamer-binding target, antibody-antigen complex, protein-binding small molecules 

and double-strand DNA hybrid from millimole to picomole level. It could be also used for the determination of target 

concentration sensitively, including 2,4,6-trinitrotoluene (TNT), dopamine, tetracycline, human IgG (hIgG), tuberculosis 

(TB) DNA and mannose, with the detection limit of 0.93 nM-4.1 fM. It is of great potential in fundamental research as well 

as in applications in life sciences.  

Introduction  

Studies on specific interactions such as aptamer with target, 

antibody with antigen, protein with small molecules and DNA 

hybridization is of considerable interests for clinical diagnosis and 

therapy, bioassays, drug designs, environmental monitoring and 

food safety assessment. The determination for binding constant of 

specific interactions and binding target concentration is very 

important in both fundamental research and applications in life 

sciences. Nowadays, various methods have been developed for 

measuring the binding constant of specific interactions.1 Although 

these methods have been demonstrated to be efficient in 

measurement of binding constant, they mostly either required 

complicated operations2-4, expensive instruments5, 6 or time-

consuming7-9. Some of methods are only suitable for the 

interactions either between small-molecule and macromolecule or 

between macromolecule and macromolecule.10, 11 On the other 

hand, quantitative methods for target concentration based on 

specific interactions have been studied, including labeling and label-

free methods. Labeling methods with high sensitivity involved in 

multi-step separations and purifications are laborious and time-

consuming.12, 13 Label-free methods are simple, fast and low-cost, 

but the sensitivity is not ideal.14, 15 Usually, the methods for the 

measurement of binding constant are not suitable for the 

determination of target concentration due to their low sensitivity, 

whereas the methods for the determination of target concentration 

are not suitable for the measurement of binding constant since they 

are difficult to generate significant signal change at high target 

concentrations. Thus the methodologies for measuring both of 

binding constant and target concentration have rarely been 

reported. Hence, the development of methods combined high 

sensitivity with generalization and simplicity for measuring both of 

binding constant and target concentration are highly desired. 

Recently, we have developed a novel chemiluminescence (CL) label-

free method for measuring the DNA aptamer-target dissociation 

constant (the reciprocal of binding constant) and target 

concentration simultaneously.16 The method was based on that DNA 

aptamer could capture corresponding target, which could enhance 

CL produced by the reaction of ABEI functionalized gold (ABEI-Au) 

colloids with H2O2. It is highly sensitive, selective, simple, fast and 

low-cost compared with previous methods. We considered that the 

proposed label-free CL method might be also suitable for targets 

that could cause a change in CL intensity from the reaction of ABEI-

Au colloid with H2O2. In this work, the effect of various substances 

on the CL reaction between ABEI-Au colloid and H2O2 was studied, 

including bases, sugars, amino acids, proteins, anilines, phenols and 

nitrotoluenes. It was found that some substances could enhance or 
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inhibit the CL reaction. On this basis, we further explored the 

applicability to measure binding constant between DNA aptamer 

and target which could inhibit CL signal as well as between peptide 

aptamer and target, antibody and antigen, protein and small 

molecules and DNA hybridization and to determine target 

concentration. The application scope of this CL strategy was greatly 

expanded. 

Experimental section  

Materials and chemicals 

Streptavidin (SA), bovine serum albumin (BSA), hIgG, goat-anti-

human IgG, tetracycline HCl and amino acids were obtained from 

Solarbio (Beijing, China). Lysozyme, glucose oxidase (GOD), cytosine, 

adenosine triphosphate (ATP) and glutathione (GSH) were obtained 

from Sangon, Inc. (Shanghai, China). 2,4-Dinitrotoluene, 4-

nitrotoluene, 2,4,6-trinitrotoluene (TNT) and D-ribose were 

purchased from Aladdin Reagent (Shanghai, China). Biotinylated 

concanavalin A was obtained from Sigma-Aldrich (USA). Dopamine 

was purchased from J&K Scientific Ltd. Guanine and thymine were 

obtained from Bio Basic Inc. Mannose, adenine, phenol, p-

dihydroxybenzene, o-dihydroxybenzene, m-dihydroxybenzene, 

1,2,3-Benzenetriol, tannic acid, gallic acid, aniline, o-

phenylenediamine, m-phenylenediamine, p-phenylenediamine, 2,4-

dihydroxybenzoic acid and 3,4-Dihydroxybenzoic acid were 

purchased from Shanghai Reagent Company (Shanghai, China). The 

sequence of TNT peptide aptamer is as follows: (N terminus) Trp-

His-Trp-Gln-Arg-Pro-Leu-Met-Pro-Val-Ser-Ile-Lys-biotin (C 

terminus).17 The TNT peptide aptamer was purchased from GL 

Biochem Co. Ltd. (Shanghai, China) and purified using high 

performance liquid chromatography. The dopamine aptamer (5′-

GTC TCT GTG TGC GCC AGA GAA CAC TGG GGC AGA TAT GGG CCA 

GCA CAG AAT GAG GCC C-3′-spacer 93-biotin),18 tetracycline 

aptamer (biotin-5′-TTT TTC GTA CGG AAT TCG CTA GCC CCC CGG 

CAG GCC ACG GCT TGG GTT GGT CCC ACT GCG CGT GGA TCC GAG 

CTC CAC GTG-3′)19, TB capture DNA (biotin-5′- GGT GAC AAA GGC 

CAC GTA GGC GAA CCC TGC CCA GGT CGA CAC ATA GGT GAG GTC 

TGC TAC CCA CAG CCG ACC AGG TGC TGG -3′) and TB target DNA (5′-

CCA GCA CCT AAC CGG CTG TGG GTA GCA GAC CTC ACC TAT GTG 

TCG ACC TGG GCA GGG TTC GCC TAC GTG GCC TTT GTC ACC-3′)20 

were synthesized by Sangon, Inc. (Shanghai, China) and purified by 

high performance liquid chromatography. A HAuCl4 stock solution 

(2‰ w/w) was prepared by dissolving 1.0 g of HAuCl4·4H2O 

(Shanghai Reagent, China) in 412 mL of purified water and stored at 

4 °C. ABEI-Au colloids used in this work were synthesized by a seed 

growth method as described previously.21 The obtained ABEI-Au 

colloids were stored at 4 °C for further use. All other reagents were 

of analytical grade. Ultrapure water was prepared by a Milli-Q 

system (Millipore, France) and used throughout. 

 

Measurement procedure 

As shown in Fig. 1, a 100 µL portion of biotinylated aptamers, 

antibodies, DNAs or proteins in 0.02 M PBS (pH 7.4, containing NaCl 

0.05 M) solution was injected into each SA-coated microwell.  

 

Fig. 1 Schematic illustration for detection of dissociation constant 

and target concentration  

 

After incubated at 37 °C for 2 h, the unbounded aptamers, 

antibodies, DNAs or proteins were rinsed with 0.01 M Tris-HCl (pH 

7.0, containing 0.05 M NaCl). To control the temperature of the 

reactions, an incubator (PST-60 HL plus Thermo Shaker, Biosan, 

Latvia) was used. Then a 100 µL portion of target solution in 0.02 M 

PBS (pH 7.4, containing NaCl 0.05 M) was added to each well and 

incubated at 37 °C for 1 h. Then rinse operation was repeated (0.01 

M Tris-HCl, pH 7.0, containing 0.05 M NaCl) to remove unbound 

target molecules. Subsequently, a 100 µL portion of ABEI-Au colloid 

was added to each well and incubated at 37 °C for 10 min. When an 

aliquot of H2O2 (100 µL, 0.15 M H2O2 in 0.1 M NaOH) was injected 

into a well, the CL signal was recorded by a microplate luminometer 

(Centro LB 960, Berthold, Germany).  

To explore the effect of various substances such as bases, sugars, 

amino acids, phenols, anilines, nitrotoluenes, peptides and proteins 

on the CL reaction between ABEI-Au colloid and H2O2, these 

substances were mixed separately with ABEI-Au colloid. The mixture 

was incubated at 37 °C for 10 min before testing. 

Result and discussion  

Effect of various substances on CL reaction between ABEI-Au 

colloids and H2O2 

In our previous work, it was found that the proposed label-free CL 

method for measuring dissociation constant of DNA aptamer-target 

and target concentration is suitable for targets that can enhance the 

CL produced by the reaction of ABEI-Au colloids with H2O2.16 It was 

considered that the CL method might be generalized to the targets 

that could lead to a change in CL intensity from the reaction of ABEI-

Au colloid with H2O2. Accordingly, the effect of various substances 

on the CL reaction between ABEI-Au colloid and H2O2 was studied 

by mixing tested substance solution with ABEI-Au colloid and then 

injecting H2O2 into the mixture. The tested substances include bases, 

sugars, amino acids, proteins, anilines, phenols and nitrotoluenes.  

Fig. 2 shows the effect of four bases, two sugars and ATP on the 

ABEI-Au colloid CL reaction. The results demonstrated that all of 

them could enhance CL intensity obviously. It was reported that the 

enhancement of ATP containing adenine and ribose on ABEI-Au 

colloids CL reaction was due to the fact that ATP promoted hydroxyl 
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Fig. 2 Effect of bases, sugars and ATP on CL reaction between ABEI-

Au colloid and H2O2. Reaction condition: 100 µL 0.15 M H2O2 

(pH=13), 1 μM substance concentration  

 

 

Fig. 3 Effect of amino acids on CL reaction between ABEI-Au colloid 

and H2O2. Reaction condition: 100 µL 0.15 M H2O2 (pH=13), 1 μM 

substance concentration  

 

 

Fig. 4 Effect of proteins and peptide aptamer on CL reaction 

between ABEI-Au colloid and H2O2. Reaction condition: 100 µL 0.15 

M H2O2 (pH=13), 1 μM substance concentration  

 

 

Fig. 5 Effect of phenols, anilines and nitrotoluenes on CL reaction 

between ABEI-Au colloid and H2O2. Reaction condition: 100 µL 

0.15M H2O2 (pH=13), 1 μM substance concentration  

radical production, accelerating the ABEI-Au colloid CL reaction.16, 22 

Both of bases and sugars are similar to some part of ATP structure, 

they might follow similar enhancement mechanism. Fig. 3 shows 

the effect of 22 amino acids on the CL intensity. All the amino acids 

exhibited the CL enhancement. For most of amino acids, the CL 

enhancement was weak. Glutamic acid (Glu), methionine (Met), 

cysteine (Cys), GSH and homocysteine (Hcy) show very strong 

enhancement effect. In earlier studies, the enhancement of amino 

acids on the luminol CL reaction has been proposed due to that the 

reaction of –COO－ in their molecules with O2
•– to form−CO4

•2–, 

accelerating the CL reaction.23 Hence, glutamic acid and GSH with 

two –COO－ groups have strong enhancement. In addition, it was 

reported that sulfide and some thiol-containing compounds were 

ready to reduce the dissolved oxygen to form O2
•–, which would 

result in the CL enhancement.24, 25 Thus methionine, cysteine, GSH 

and homocysteine with thiol or methylthiol group could strongly 

enhance the CL reaction. However, cystine formed by the oxidation 

of two cysteine molecules with a disulfide bond has weak 

enhancement effect. It might be due to that disulfide bond was hard 

to react with the dissolved oxygen to form O2
•–.24 Fig. 4 shows the 

effect of various proteins and peptides on the CL reaction. Both 

proteins and peptides showed obvious CL enhancement because 

they are composed of various amino acids. Fig. 5 shows the effect of 

anilines, phenols and nitrotoluenes on the CL reaction. Most of 

them showed CL inhibition to some extent. Among them, TNT and 

its derivatives could inhibit the CL reaction obviously. The inhibition 

effect of aniline, phenol and their derivatives may be due to the 

competition of –NH2 or –OH groups in their molecules with luminol 

for O2
•–.23 The different inhibition effect of aniline, phenol and their 

derivatives might due to their different reducing capability. TNT 

inhibition effect might be due to that TNT could interact with the 

luminophor excited-state N-(aminobutyl)-N-(ethylphthalate) formed 

by the CL reaction, leading to an energy loss and quenching of the 

CL emission.26 In addition, TNT could consume •OH radical 

generated in the CL reaction, leading to a decrease in CL intensity. 

The derivatives of TNT might follow similar inhibition mechanism.27 

The CL enhancement and inhibition by various organic compounds 

of the luminol CL reactions has been documented.28-30 It has been 

known that the substances facilitating the formation of oxygen-

related radicals such as OH•, O2
•−, CO3

•−, CO4
•− would lead to the CL 

enhancement, while the substances eliminating these radicals 
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would result in the CL inhibition. In present work, some of tested 

substances could cause CL enhancement and others CL inhibition, 

which follows the similar roles to earlier studies.22-24, 26 We 

considered that the proposed label-free CL method might be 

applicable to measure the binding constant of specific interactions 

and the concentration of target leading to a change in CL intensity, 

which was explored in following work. 

 

Measurement of dissociation constant of DNA aptamer-binding 

target and concentration of target inhibiting CL signal 

In order to investigate whether or not the CL strategy could be 

applicable for measuring aptamer-target binding and target 

concentration simultaneously when targets would inhibit CL 

intensity, three kinds of model targets TNT, dopamine and 

tetracycline and corresponding aptamers were tested.  

As shown in Fig. 6, the CL signal intensity decreased linearly with 

the logarithm of TNT concentration at lower TNT concentrations 

over the range from 1.0×10-10 M to 1.0×10-8 M. The linear response 

of the logarithm of TNT concentration could be fitted by the 

equation ICL = 1.4840×106
－4.2454×104logC with a correlation 

coefficient of R = 0.9964, where ICL was the CL integrated intensity in 

10 s, and C was the concentration of target TNT. The limit of 

detection (LOD), at a signal to noise ratio of three (S/N = 3), was 

0.080 nM. The relative standard deviation (RSD) of seven replicate 

detections of TNT at 1.0×10-9 M (n = 7) was 0.11%, indicating good 

repeatability of the proposed strategy. When TNT concentration was 

over 1.0×10-8 M, the CL intensity deviated from the linear 

relationship. The binding ratio of aptamer for TNT was estimated to 

be less than 2.3% and could be ignored when TNT concentration 

was below 7.0 nM (supporting information section S1). Based on the 

principle used in measuring dissociation constant,31-35 the sigmoid 

fitted curve from 1.0×10-8 to 7.0×10-7 M was achieved as shown in 

Fig. 6 (upper inset). From the sigmoid fitted curve, a dissociation 

constant of 0.142 μM for aptamer binding TNT was obtained, which  
 

 

Fig. 6 Measurement of aptamer-TNT dissociation constant and TNT 

concentration. Upper inset: measurement of aptamer-TNT 

dissociation constant. Lower inset: working curve for determination 

of TNT concentration. 

 

Fig. 7 Measurement of aptamer-dopamine dissociation constant 

and dopamine concentration. Upper inset: measurement of 

aptamer-dopamine dissociation constant. Lower inset: working 

curve for determination of dopamine concentration. 

 

was comparable with 0.0710 μM from literatures.17, 36, 37 

The result for measuring aptamer-dopamine dissociation constant 

and dopamine concentration is shown in Fig. 7. The regression 

equation was ICL = 3.8602×105
－3.6418×104logC, where ICL was the 

CL integrated intensity in 10 s, and C was the concentration of target 

dopamine, with a correlation coefficient of R = 0.9945. The linear 

range was 1.0×10-12 - 1.0×10-9 M, LOD was 0.90 pM (S/N = 3) and 

RSD at 1.0×10-10 M dopamine (n = 7) was 2.52 %. The CL intensity 

was deviated from linearity when dopamine concentration was over 

1.0×10-9 M. The curve from 1.0×10-9 M to 4.0×10-6 M was applied 

for sigmoid fitting and dissociation constant was calculated to be 

0.710 μM (the constant measured by literatures was 0.700 μM18, 38).  

The result for measuring aptamer-tetracycline dissociation constant 

and tetracycline concentration is shown in Fig. 8. The CL intensity  

 

 

Fig. 8 Measurement of aptamer-tetracycline dissociation constant 

and tetracycline concentration. Upper inset: measurement of 

aptamer-tetracycline dissociation constant. Lower inset: working 

curve for determination of tetracycline concentration. 
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was a linear function of the logarithm of tetracycline concentration 

in the range of 1.0×10-12 M to 4.0×10-9 M with regression equation 

ICL= 2.6581×105
－1.5547×104logC (R = 0.9925), as shown in Fig. 8 

(lower inset). The detection limit was (S/N = 3) 0.20 pM, and RSD at 

1.0×10-10 M tetracycline was 0.25 % (n = 7). The dissociation 

constant of tetracycline-aptamer was calculated to be 0.0703 μM, 

which was comparable to 0.0636 μM measured by Javed and 

coworkers.4, 19, 39 

These results demonstrated that the proposed CL strategy could be 

suitable for multiple types of targets which could inhibit ABEI-Au 

colloid initiated CL. 

 

Measurement of dissociation constant of antibody-antigen 

complex and concentration of antigen 

In order to investigate whether or not the CL strategy could be 

applicable for the measurement of dissociation constant of 

antibody-antigen complex and antigen concentration in single 

detection procedure, goat-anti-human IgG and hIgG were chosen as 

a model. As shown in Fig. 9, the linear response of the logarithm of 

hIgG concentration could be fitted by the equation ICL = 

1.5440×106+4.7244×104logC in the range from 1.0×10-13 M to 

5.0×10-9 M (R = 0.9976). The detection limit was (S/N = 3) 0.092 pM 

and RSD at 1.0×10-11 M hIgG was 2.9 % (n = 7). The curve from 

1.0×10-8 M to 1.0×10-6 M was applied for sigmoid fitting and 

dissociation constant was calculated to be 0.0589 μM. The results 

demonstrate that the proposed CL strategy is also suitable for the 

measurement of binding constant between antigen and antibody 

and concentration of antigen simultaneously. 

 

Measurement of dissociation constant of double-strand DNA 

hybrid and concentration of specific DNA sequence 

The DNA hybridization reaction was also explored by taking DNA 

from TB and its complementary chain as an example. As shown in 

Fig.10, the linear response of the logarithm of DNA concentration 

could be fitted by the equation ICL = 1.4878×106+4.1982×104logC in  

 

 

Fig. 9 Measurement of goat-anti-human IgG-hIgG dissociation 

constant and hIgG concentration. Upper inset: working curve for 

determination of hIgG concentration. Lower inset: measurement of 

goat-anti-human IgG-hIgG dissociation constant. 

 

Fig. 10 Measurement of double-strand DNA hybrid dissociation 

constant and TB DNA concentration. Upper inset: working curve for 

determination of DNA concentration. Lower inset: measurement of 

DNA hybrid dissociation constant. 

 

the range from 1.0×10-14 M to 1.0×10-12 M (R = 0.9981). The 

detection limit was (S/N = 3) 4.1 fM and RSD at 1.0×10-12 M DNA 

was 2.6 % (n = 7). The dissociation constant between TB DNA and its 

complementary sequence was 7.12 pM as shown in Fig. 10 (lower 

inset). The result demonstrated that the interaction between DNA 

sequences could also be studied by this method. In addition, it also 

demonstrated that this CL method could be applicable for 

measuring a wide range of dissociation constant. 

 

Measurement of dissociation constant of protein-binding small 

molecules and concentration of small molecule 

The applicability of this method for measuring dissociation constant 

of protein-binding small molecule was examined by taking 

concanavalin A and mannose as a model. The interaction between  
 

 

Fig. 11 Measurement of concanavalin A-mannose dissociation 

constant and mannose concentration. Upper inset: working curve 

for determination of mannose concentration. Lower inset: 

measurement of concanavalin A-mannose dissociation constant. 
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concanavalin A and mannose is much weaker than those we studied 

above. Surprisingly, this CL method was still valid. As shown in Fig. 

11 (upper inset), the CL intensity was a linear function of the 

logarithm of mannose concentration in the range from 1.0×10-9 M 

to 1.0×10-4 M with regression equation ICL= 9.0548×105 + 

3.3181×104logC (R = 0.9918). The detection limit was (S/N = 3) 0.93 

nM and RSD at 1.0×10-6 M mannose was 0.52% (n=7). As shown in 

Fig. 11 (lower inset), the dissociation constant of concanavalin A-

mannose was 0.857 mM, which was comparable to that measured 

by literatures (0.450 mM).40-43 

Conclusion  

In this work, it has been found that some substances including 

bases, sugars, amino acids and proteins could enhance the CL 

reaction between ABEI-Au colloid and H2O2 whereas other 

substances including anilines, phenols and nitrotoluenes could 

inhibit the CL reaction. This work has also demonstrated that the 

proposed label-free CL strategy could be used to determine binding 

constant between DNA aptamer and target and concentration of 

target which could not only enhance but also inhibit CL signal. 

Moreover, the CL strategy is also applicable for measuring binding 

constant between peptide aptamer and target, antibody and 

antigen, protein and small molecules and DNA hybridization and 

target concentration. The dissociation constant could be measured 

from millimole to picomole level and concentration of target, 

including TNT, dopamine, tetracycline, hIgG, TB DNA and mannose, 

could be detected sensitively with the detection limit of 0.93 nM-

4.1 fM. Compared with previously reported label-free methods 

based on specific interactions, LOD for TNT is comparable with that 

in literatures. LOD for dopamine, tetracycline and TB DNA is 1-3 

orders of magnitude lower than references except that LOD for 

hIgG is higher than that in literatures (Table S1). Therefore, the CL 

strategy is a general and sensitive strategy for measuring the 

binding constant of specific interactions and the concentration of 

target that could lead to a change in CL intensity from the reaction 

of ABEI-Au colloid with H2O2. This provides a rapid, simple and 

effective method for studying specific interactions between 

aptamer and target, antibody and antigen, protein and small 

molecules and DNA hybridization as well as target concentration, 

showing great potential in fundamental research as well as in 

applications such as clinical diagnosis, therapy, drug design, 

bioassays, environmental monitoring and food safety assessment. 
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