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A model for forced unbinding of ligand-receptor complexes (LR) 

Let 𝑃! and 𝑃! be the survival probabilities of states 𝐿𝑅! and 𝐿𝑅!. The dynamic of the probabilities can then be 

calculated by the following system [1], 

!!!
!"
= − 𝑟!" + 𝑘! 𝑃! + 𝑟!"𝑃!,                                                                                                    (1)    

 !!!
!"
= − 𝑟!" + 𝑘! 𝑃! + 𝑟!"𝑃!,                                                                                                   (2) 

With initial conditions 𝑃! 𝑡 = 0 = 𝑃!,!  and 𝑃! 𝑡 = 0 = 𝑃!,! where 𝑃!,! + 𝑃!,! = 1. 

Here 𝑘! is the forced unbinding rate of the low-affinity complexes and is approximated by the Bell model: 

𝑘! = 𝑘!" exp
!!!
!!!

 with 𝑘!"  being the force-free unbinding rate and 𝑥!  being the critical elongation (or 

transition state distance) of the bond 𝐿𝑅!.  𝑘! is the forced unbinding rate of the high-affinity complexes and is 

approximated by 𝑘! = 𝑘!" exp
!!!
!!!

, with 𝑘!"  being the force-free unbinding rate and x! being the critical 

elongation (or transition state distance) of the bond LR!.   r!"   and  r!" are the transition rates from LR!   to LR!  

and vice versa.   r!" = r!"! exp − !!"
!!!

,      r!" = r!"! exp − !!"
!!!

  , where r!"!  and r!"!  are attempt frequencies, and 

F!" and F!" are free energy barrier height [1].  

If we assume that the interconversion between the states is fast, i.e. 𝑟!"𝑃! = 𝑟!"𝑃! [2], then we define Ψ! as   the 

force-free equilibrium constant, 

 !!
!!
= !!,!

!!,!
= !!"

!!"
= !!"!

!!"!
exp !

!!!
=Ψ!                                                                                         (3)  

where   𝐹 = 𝐹!" − 𝐹!".                

Then the similar Bell model is used for forced status, 
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!!
!!
= Ψ! exp − !!!"

!!!
,                                                                                                                               (4) 

Where y!" is the distance between the energy wells LR!  and  LR!.   

By adding (1) and (2) , we could obtain the following equation,  

!!!
!"
+ !!!

!"
= −𝑘!𝑃! − 𝑘!𝑃! = − 𝑘!Ψ0 exp −

𝑓𝑦12
𝐾𝐵𝑇

+ 𝑘! 𝑃! = −
!!!!!!! exp

𝑓𝑦12
𝐾𝐵𝑇

exp
𝑓𝑦12
𝐾𝐵𝑇

𝑃2.              (5) 

At the same time, we have  

!!!!!
!"# !!!"

!!!
!!!

=
!!Ψ0 exp −

𝑓𝑦12
𝐾𝐵𝑇

!!

!"# !!!"
!!!

!!!
= !!

exp
𝑓𝑦12
𝐾𝐵𝑇

 .                                                                                (6) 

Combining eqns (5-6) and denoting 𝑃 = 𝑃! + 𝑃!,  yields  

!"(!)
!"

= −
!!!!!!! !"#

!!!"
!!!

! !

!!!!"#
!!!"
!!"
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  (7)	
  

	
  𝑃 𝑡 = 0 = 1.                                                                                                                               (8)	
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