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CLAIMS 

 

1. A method for detecting binding of a ligand to a 

target molecule comprising: 

contacting a sample comprising the ligand and 5 

the target molecule with a metal nanocluster 

precursor under a denaturing condition, the 

precursor being capable of forming a metal 

nanocluster under a reducing condition to 

produce a detectable signal; 10 

wherein detection of a signal that substantially 

differs from the signal of a control in the absence 

of the ligand indicates that the ligand binds to the 

target molecule, 

wherein the target molecule is selected from the 15 

group consisting of a protein, a DNA, a RNA, and a 

peptide, and 

wherein the ligand is selected from the group 

consisting of a small-molecular weight compound, and 

a metal ion.  20 

 

2. The method according to claim 1, wherein the 

denaturing condition is applied after incubation of 

the ligand and the target molecule for a 

predetermined period of time. 25 

 

3. The method according to claim 1 or 2, wherein the 

reducing condition is applied while the denaturing 

condition is present. 

 30 

4. The method according to claim 1 or 2, wherein the 

reducing condition is applied after the denaturing 

condition. 
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5. The method according to any one of the preceding 

claims, wherein the reducing condition comprises a 

reducing agent selected from a group consisting of 

sodium borohydride (NaBH4) and carbon monoxide (CO). 
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6. The method according to claim 1, wherein the target 

molecule is a protein.  

 

7. The method according to claim 6, wherein the protein 

is selected from the group consisting of serum 5 

albumin, transcription factor, and a protein drug 

target. 

 

8. The method according to claim 7, wherein the serum 

albumin is selected from the group consisting of 10 

bovine serum albumin (BSA) and human serum albumin 

(HSA). 

 
9. The method according to any one of claims 6 to 8, 

wherein the reducing condition comprises a reducing 15 

amino acid of the protein as reducing agent. 

 

10. The method according to any one of the preceding 

claims, wherein the denaturing condition is selected 

from the group consisting of a chemical denaturant 20 

and physical denaturant. 

 

11. The method according to claim 10, wherein the 

chemical denaturant is selected from the group  

consisting of urea, guanidine hydrochloride, and 25 

salt.  

 

12. The method according to claim 10, wherein the 

physical denaturant is heat. 

  30 

13. The method according to claim 12, wherein the heat 

is applied at a temperature that is above the 

temperature at which the target molecule denatures. 
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14. The method according to claim 1, wherein the small-

molecular weight compound is selected from the group 

consisting of ibuprofen, warfarin, phenytoin, 

sulfanilamide, sulfamethazine, sulfonated azo dyes, 

metal-oxide clusters, thiosemicarbzaone, 5 

heteroaromatic compounds, halogenated salicyl 

derivatives, polycyclic aromatic ketones, and non-

redox active compounds. 

 

15. The method according to any one of the preceding 10 

claims, wherein the metal nanocluster precursor is 

selected from the group consisting of gold, silver, 

copper, palladium, platinum,  ruthenium, and 

combinations thereof.  

 15 

16. The method according to any one of the preceding 

claims, wherein the method is conducted in a 

homogenous system. 

 

17. The method according to any one of the preceding 20 

claims, wherein the detectable signal is a signal 

selected from the group consisting of fluorescence, 

visually detectable signal, and luminescence. 

   

18. The method according to claim 17, wherein the 25 

detectable signal is a fluorescence signal.  
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 39

19. The method according to claim 18, wherein the 

fluorescence signal is fluorescence intensity. 

 

20. A method for determining the strength of binding of 

a ligand to a target molecule, comprising: 5 

(a) detecting binding of the ligand to the target 

molecule according to the method of any one of 

claims 1 to 19 at varying concentrations of the 

ligand; and  

(b) determining the dissociation constant (KD) of 10 

the binding from a correlation between the 

concentration of the ligand and the detectable 

signal. 

   

 15 

21. A method for determining the site of binding of a 

ligand with an unknown binding site on a target 

molecule, comprising: 

(a) detecting binding of a ligand with a known 

binding site on the target molecule according 20 

to the method of any one of claims 1 to 19; 

(b) adding the ligand with the unknown binding site 

to the sample; and  

(c) comparing the detectable signal obtained in (a) 

to the detectable signal obtained in (b). 25 

  

22. The method according to claim 21, wherein a decrease 

in detectable signal indicates that the ligand with 

the unknown binding site binds to the same site on 

the target molecule as the ligand with the known 30 

binding site, and wherein an increase in detectable 

signal indicates that the ligand with the unknown 

binding site binds to a different site on the target 

molecule as the ligand with the known binding site.    



 

 40

23. A method for detecting binding of a ligand to a 

target molecule comprising:  

(a) applying a denaturing condition to a pre-

incubated sample comprising the ligand and the 

target molecule to form a template for the 5 

synthesis of fluorescent metal nanoclusters, 

and  

(b) contacting the pre-incubated sample with a 

metal nanocluster precursor under reducing 

conditions to form metal nanoclusters, the 10 

metal nanoclusters producing a detectable 

fluorescence signal;  

wherein detection of a signal that substantially differs 

from the signal of a control in the absence of the ligand 

indicates that the ligand binds to the target molecule, 15 

wherein the target molecule is selected from the group 

consisting of a protein, a DNA, a RNA, and a peptide, and 

wherein the ligand is selected from the group consisting 

of a small-molecular weight compound, and a metal ion. 

 20 

24. A method for comparing the strength of binding of a 

plurality of ligands to a target molecule, 

comprising: 

(a) detecting the binding of each of the plurality 

of ligands to the target molecule according to 25 

the method of any one of claims 1 to 19 or 23; 

and  

(b) comparing the extent to which each detectable 

signal obtained from step (a) for each of the 

plurality of ligands differs from the 30 

detectable signal of the control. 
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