Single molecule studies of cell adhesion complexes:

transition from “catch” to “slip” bonds




Outline:

1. Single molecule spectroscopy of protein-protein interaction:

. pulling force measurements (AFM, observables)

° recent applications

2. Dynamics of cell-adhesion complexes involving selectins:

. biological function (rolling of leukocytes)
. AFM assays of forced unbinding (“catch-slip”)
. kinetic model

3. Simulations of P-selectin forced unbinding trajectories:

. coarse-grained models of protein complexes
. unbinding dynamics of P-selectin-PSGL-1 complex



1. Single molecule spectroscopy of protein-protein interactions:
Protein unbinding assays employing pulling force
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Recent studies of forced single molecule protein-protein unbinding
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2. Biological-functions of selectin cell-adhesion complexes:
rolling of leukocytes
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2. Dynamics of forced unbinding of P-selectins from PSGL-1
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AFM measurements of forced unbinding of P-selectins
(B. T. Marshall et al, Nature, 423, 190, 2003)
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Rate of unbinding under force: Kramers-Smoluchowski theory
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Lifetime measures (s)
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The average lifetimes measured by AFM:

B. T. Marshall et al, Nature, 423, 190, (2003)
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Two-state kinetics-of unbinding of P-selectins: energy landscape
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The average lifetime of P-selectin complex with sPSGL-1 and G1
(constant force experiment)
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Model parameters for P-selectin complex with ligands
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Transition from “catch” to “slip” bonds for P-selectin with sPSGL-1
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Free-energy landscape of cell adhesion complexes with selectins
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1. How general is the two-state model?

2. What is the molecular origin of catch-slip transition?



Dynamics of forced unbinding of P- and L-selectins
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P--and L-selectin binding interface
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3. Computer simulation of P-selectin forced unbinding trajectories:
coarse-grained models of protein-protein complexes

I. Coarse-grained model for P-selectin:

step 1: creating structure file of Cu &
centers of mass of residues from PDB
structure of P-selectin (www.rcsb.org)

emimicking hydrogen bonds
emodeling S-S bonds

step 2: computing potential energy of ob-
tained conformation of P-selectin:

VR = VBL U VSBC u VBA U VDIH u VHB + VNON + VSS

K. Dill et al, Protein Sci, 4, 561 (1995);

D. Thirumalai, D. Klimov, Curr Opin Struct Biol,
9,197 (1999); PNAS, 97, 2544 (2000);

J. Bryngelson et al, Protein, 21, 167 (1995);

M. Karplus, A. Sali, Curr Opin Struct Biol, 5, 58 (1995);
Kolinski, J. Skolnick, Polymer, 45, 511 (2004)



http://www.rcsb.org/

I1. Coarse-grained model for-sPSGL-1

step 3: creating structure file from PDB

PSGL-1 N-termi
data for sPSGL-1 for erminus

(2-GSP-6)

step 4: repeating step 2 for sPSGL-1:

ITI. Contact map for the binding interface

step 5: computing binding energy for the P-
selectin complex with sPSGL-1
Human P-selectin

step 6: computing total energy of the
protein-protein complex V,,, =V, +V +V ,

step 7: pulling sPSGLf—l by following LD:
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Simulation of P-selectin-s’SGL-1-interaction: constant loading rate
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Single trajectories of the energies, forces and number of native
contacts forP-selectin-sPSGL-1-interaction
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The evidence of the “catch-slip” dynamics from computer simulations
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Main Results:

1. Theory of protein-protein interactions for cell-adhesion complexes:

%  estimation of interaction parameters for both sPSGL-1 & antibody G1

% application to cell adhesion complexes involving L-selectins

2. Methodology for computer simulation of protein-protein interactions:

% coarse-grained model for simulations of protein-protein interactions

% application to P-selectin-PSGL-1 (evidence for “catch-slip” dynamics)
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