
The kinetics of hairpin was 
proposed by two-state folding 
model with a relaxation time of tens 
of microseconds 

This fast kinetic refers to the relaxation of the 
intermediate state while the complete folding 
occurs in the millisecond range 

Presented at 2012/09/09 
A three state mechanism for DNA hairpn folding  characterized by multiparameter FCS 
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 Reasonable control     for each interested kinetic. D

-Immobilization 
-Change the object size 
-Adjust the viscosity of the solution 
-Change the size of detection volume 

0D 



Change the object size 

R=1.87±0.05 μm 

hp4 : 5’-biotin-TCTCTCTCTCTCTCTCTCTTTTTT GGAA(T)21 TTCC-TMR-3’ 

polyT:  5’-biotin-TCTCTCTCTCTCTCTCTCTTTTTT  TTTT  (T)21 TTTT-TMR-3’. 

 About 50 DNA molecules were attached to each microsphere 

Guanine 
quencher 



Result I: decelerated signal 

Individual Average 

104 



0.4D ms

fast component  
~100 μs  

 slow component  
>1 ms 

125 mM NaCl 



Analysis 
GR = GH/GT 

Reaction Hairpin PolyT 

Bead-attached hairpin have the same kinetic with 
the free one 



Result I: Salt concentration dependence 



Cross-correlation function 
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 tripletG  DiffG   RG  Flowing

:  number of molecules (one focal volume)

:  geometric correction factor (compair to ideal Gaussian function)

:  transit time through a focal volume

:  transit time between two focal volumes R

:  the 
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ratio               :  quantum yeild          :  time constant of triplet state

1-
:  amplitude factor             K: equiblirium distribution F/UnF     Q: relative fluorescence intensity
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:  relaxation time of folding and unfolding reaction

: strectch parameter.

2012/09/09 



2012/09/09 

1 2

1 2

32
1 2 3 1 2

1 2

1

2

                                      ,

: refers to the unfolded DNA conformation for which the R6G fluorescence is unquenched

:  refers to a reaction intermediate tha
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t is stable on the sub-millisecond time scale

:  is fully folded DNA hairpinN

NaCl 

- The relaxation time of the slow, full folding process should depend on 
the NaCl concentration. 

- The fast process should be less affected 



Discrete exponentials 
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Two exponentials 

Multi-exponentials 

Maximum Entropy Method (MEM). 



Results 

125 - 175 mM NaCl: two major kinetic components ~200 ms and ~5ms 
The faster process less affected; the slower process more affected 

up to 200 mM: one more kinetic component was found 



Resume 

-Interested technique that slowdown the diffusion process without introducing 
any effect on the kinetic of the DNA hairpins. 

-The relaxation time of full hairpin folding is on the order of ms instead of s. 

-There are multiple intermediates with different relaxation times. 

-MEM is a reasonable way to analyze precisely multi-exponential distributions. 
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