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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],

ap,

Fr —(r12 + ky1)Py + 121 P, (1)
dP.
d_:: — (121 + k2)Py + 115Py, (2)

With initial conditions Py (t = 0) = P; g and P,(t = 0) = P, where Py o + P, = 1.

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

ki = ko exp (1]; xlT) with k,, being the force-free unbinding rate and x; being the critical elongation (or
B

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
B

elongation (or transition state distance) of the bond LR,. r;, and r,; are the transition rates from LR; to LR,
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ﬁ) , where r?, and r2; are attempt frequencies, and
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and vice versa. Iy, = Iy, exp —or) Y21 = Iz1€xp|—
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Fi, and F,; are free energy barrier height [1].

If we assume that the interconversion between the states is fast, i.e. r, P, = 151 P, [2], then we define W, as the

force-free equilibrium constant,

P, P 0 F
pepo = Blexp (L) =W 3)
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Where F == F12 - FZl'

Then the similar Bell model is used for forced status,



P = =Y, exp( fylZ) 4)
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Where y;, is the distance between the energy wells LR; and LR,.

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

kyWotks, exp(@)
dil + & ES _klpl - k2P2 - - (kll‘po exp( f ) + kz) = - ! o p(fylz) ! Pz. (5)
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At the same time, we have

Py +P, _ (1”'0 eXp(_fy_lﬁ))PZ __ P ©)
exp(fy12)+lp exp(fy12)+ly exp(%) .

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

dP(t) (k1‘1’o+kz EXP(I;J;ITZ))P(t)
ac q;0+exp(fhz) ’ (7)
Kpr
P(t=0)=1. ®

[1] V. Barsegov and D. Thirumalai, "Dynamics of unbinding of cell adhesion molecules: Transition from catch
to slip bonds," Proc. Natl. Acad. Sci. USA., vol. 102, no. 6, pp. 1835-1839, 2005.

[2] E. Evans, A. Leung, V. Heinrich, and C. Zhu, "Mechanical switching and coupling between two dissociation
pathways in a P-selectin adhesion bond," Proc. Natl. Acad. Sci. USA, vol. 101, pp. 11281-11286, 2004.



