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Can minute amounts of protein be detected? Yes! In recent years, a series of new technologies 
has been developed to detect small amounts of protein. They are considered to be the effective 
and sensitive methods at the molecular level.  
 
One of these methods, the digital quantification of amplified single molecule detection (SMD) 
method is based on engineering of molecular recognition and amplification reactions. In my 
project, proximity ligation assay (PLA), rolling circle amplification (RCA) and circle to circle 
amplification (C2CA) are combined in the molecular recognition and amplification reactions.  
 
PLA is a technology that converts specific protein detection into DNA analysis. The reaction 
works like this: the protein biomarker can be recognized by a pair of antigens, which are both 
connected to a short DNA molecule. When they recognize the same protein, two free ends of 
the DNA molecules will be brought together and linked by the help of a connector and an 
enzyme. Usually, the linked DNA molecules will be quantified by the sensitive methods 
directly. However, in my project, instead of doing this, the linked DNA molecule will be cut 
into one single stranded DNA (ssDNA) which will linked and form a DNA circle by presence 
of the template and enzyme. RCA is a linear-isothermal process by presence of a certain DNA 
polymerase, using the DNA circle as a template and form a long ssDNA, containing numbers 
of complementary sequences of the initial DNA circle. DNA can be replicated about 500 to 
1000 times, depending on the reaction time. C2CA is based on RCA and the principle is the 
following: RCA product is cut into numbers of ssDNA by presence of certain enzymes and 
short DNA molecules. Then the ssDNA will form a DNA circle using the same method as 
mentioned above, and these circles serve as the templates for the next reaction of RCA. After 
forming a numbers of long ssDNA molecules, the probes hybridized on one ssDNA resulting 
in a confined cluster of fluorophores, which are visible as a bright object. Finally, the 
individual objects can be counted as a measure of quantity of the protein. 
 

In this project, I detected two protein biomarkers (CSTB and NGF) and optimized the 
protocol from solution phase PLA, RCA to C2CA, mainly focusing on the comparison of 
reagents, the concentration of the reagents and the reaction time of several steps. The 
precision was improved with a simple protocol and reduced cost. Besides, two other 
biomarkers, VEGF and IL-8 were also detected, and the improved protocol showed higher 
sensitivity as well as improved dynamic range. 
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