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Many Adhesion Protein Structures
Exhibit Multiple Tandem Repeats
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Junction formation

Red = ICAM-1
Green = MHC

Stage 2-
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Intercellular
Interactions
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How do proteins facilitate
Intercellular adhesion?

How Is adhesion regulated?



Neural Cell Adhesion Molecule

(NCAM)

Landmesser et al. (1990) Neuron, 4, 655

*NCAM regulates cell
adhesion and signaling In
the developing nervous
system

ePost-translational
modification alters NCAM
function



Structural Features of NCAM
*NCAM consists of seven tandemly arranged domains
*A flexible hinge generates a bend angle of 98°+45°

*NCAM binds to NCAM proteins on adjacent cells
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Do Any of These Structures
Represent the Adhesive
Configuration?
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The Surface Force Apparatus Quantifies
the Energy-Distance Profiles
Between Two Surfaces

L— spectrum

silver Bond
: energies of
order KT

Absolute
distances
within +1A

spring

mirror =

Tabor and Winterton, Proc. R. Soc. A, 312, 435 (1969)
Israelachvili and Tabor, Nature, 236, 106 (1972)



Building Cell Membrane Mimics
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|g1-5 Forms Two Bound Sates
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Electron Microscopy

lIg5-Fn Il interdomain linker:

Chicken QADTPSSFPSIDRVEFPYSSTARV
Human QADTPSS SIDQVEFYSSTAQV
Mouse QADTP SSPSIDRVEFPYSSTAQV




Full Length NCAM Forms Two
Bound States

Force/Radius (mN/m)
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Range o
repulsion is
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bent NCAM
configuration.

*Hinge is likely at
the Ig5-Fn Il
junction.
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Which Domains Mediate Adhesion?



Removing 1g12 Removes only the
Outer Trans Bond
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SPR Analysis Supports Two-Sate

Binding Model
3
K 4 (x 10") Between NCAM Fragments
NCAM Alg3 Algl2
NCAM 4+1 3.4+0.4 1.1+0.3
Alg3 1.0+0.6 |  -----
Algl2 1.7+0.3
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Conclusions |:

-

e NCAM forms two bound states

 Both Ig12 and Ig3 domains mediate
trans adhesion

e Force measurements discriminated
between different models



Polysialic Acid Modification

Alters NCAM Function

M-acetyleneuraminic acid
(Meu5Ac) O
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*PSA Increases
neural plasticity

*PSA expression
IS linked to tumor
progression
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PSA Affects the Adhesive
Function of Several

er eslion
TRANS T-PSA Proteins NCAM

e PSA could increase
nonspecific repulsion
between membranes

« PSA may increase
repulsion between proteins
on the same membrane




PSA Abolishes Both the Inner and

Force/Radius, mN/m

Outer Adhesive NCAM Bonds
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Force/Radius, F/R (mN/m)

Force/Radius, F/R (mN/m)
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How Does the Polymer Extension
Compare with the NCAM
Dimensions?



Incidant Radiation
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Log (Reflectivity)

X-Ray Reflectivity Profile
of NCAM Monolayer
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Model Interpretation of the
NCAM Reflectivity Profile
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Electron Density (e-/A3)
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Conclusions ||:

—

 PSA Increases the range and
magnitude of the nonspecific
iIntermembrane repulsion

* Reflectivity measurements show that

orotein o

PSA extends beyond the adhesive

omains

e Steric re

oulsion model validated



Conclusions

—

Distance matters!

Force measurements reveal
relationships between protein

architecture and function®

*Leckband and Israelachvili (2001)
Quart. Rev. Biophys., 34, 105-267
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