





Cells must constantly sense their environment and respond to it.
How does the cell do this?

How does the inside of the cell know that something has happened
on the outside of the cell?

It all starts with ligands binding to mobile receptors on the
surface of cells.






Fluorescence recovery after photobleaching (FRAP)
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Mobile Fraction = F(t<0)-F(0) = 41,

ro? is the 1/e2 radius of the Gaussian profile laser beam used for both photobleaching and measuring
fluorescences, and vy is a parameter that depends on the extend of photobleaching, varying slowly
from1.0to 1.2.



Single Particle Tracking (SPT)

(Saxton and Jacobson (1997). Single-particle tracking: Applications to membrane dynamics.
Ann. Rv. Biophys. Biomol. Struct. 26:373-399.)

Computer-enhanced video microscopy is used to tract the motion of labeled
proteins (e.g. 30 nm gold particles, Q dots) or lipids on.the cell surface.

In an average over many tracks one expects the following for different modes of motion

<r?> = 4Dt normal diffusion
<r?> = 4Dta anomalous diffusion (a<1)
<r?> = 4Dt +(vt)2 directed motion plus diffusion
<re> = <R 2>[1-A4 exp(-4AoDt/<r 2>)] confined motion

o | diffust
flow+diffusion/ ~ normal diffusio Tracts are often seen that

are mixed modes as if a

receptor is confined for a

<r?> while then escapes and diffuses

or diffuses and flows, then is
confined again, etc. This
heterogeneity in motion reflects

the heterogeneity of the membrane.
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Receptor densities on cell surfaces and the mean nearest neighbor distance

The diameter of lymphocyte (a Jurkat T cell) 2a = 12.4+1.2 um
The surface area Acell = 800 um?

For a cell with 50,000 receptors (approx.the number of TCR on a Jurkat cell)
The receptor density p = 62.5 receptors/um?2

In 2 dimensions the mean nearest neighbor distance
<dnn> = 1/(2Vp) = 0.063 um =630 A

For a million receptors <dnn> =0.014 um = 140 A (over-expression of cell
surface receptors can lead to signaling in the absence of the ligand)

Although no single population of receptors covers more than 1 % of the

cell surface, the total surface protein could cover as much as 45%.
(Ryan et al., (1988) Molecular crowding on the cell surface, Science 239, 61-64.)






Fluid-Mosaic Model of the Plasma Membrane (Singer and Nicolson (1972)
Science 175,720-731):Singer and Nicolson proposed that the plasma
membrane is a 2D solution of proteins in a viscous lipid bilayer.

1.The lipid bilayer is asymmetric in lipid composition and charge.

Lipid bilayer composed mainly of phospholipids, cholesterol and glycolipids.
All are amphipathic having a hydrophilic (polar) gand a hydrophobic (nonpolar) end.
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phosphatidylserine carries a net negative charge at physiological pH




cholesterol phospholipid

polar head group polar head group
rigid planar structure

nonpolar hyrocarbon
tale nonpolar hyrocarbon
tale

2.Cholesterol makes lipid bilayers less fluid.

cholesterol
stiffened region










For many receptor systems ligand induced receptor aggregation - bringing
the cytoplasmic domains of receptors in proximity and holding them
together for seconds to minutes - is required for signaling initiation.






Proteins can be phosphorylated on three classes of amino
acids:

1. tyrosine
2. serine or threonine
3. histidine

Only tyrosine and serine/threonine phosphorylation occurs in
signaling in the immune system.



























 Different ligands induce receptor
aggregation in different ways.






« All the examples we have considered
so far involve soluble ligands but often
cell signaling Is triggered by one cell
binding to another cell. The “ligand” is

now a surface with multiple binding
sites.










 An example we study,the high affinity
receptor for IgE, FceRlI, a key player In
allergic reactions.















I've described the signaling events as if they were a
linear chain (a path) but they aren't.



Recruitment of Syk to phosphorylated y ITAM



Possible next steps after Lyn phosphorylates yITAM

Recruitment of Syk to phosphorylated y ITAM



To try to understand how the binding properties of the
peptide-MHC for the TCR influence the activation of the T cell,
McKeithan (1995, PNAS, 92:5042) introduced the

kinetic proofreading model.

The kinetic proofreading model replaces the complex chemistry of
the signaling cascade but captures a key feature: that a series of
events (e.g., phosphorylations, the building of a scaffolding about the
receptor) is required if a TCR is to become activated.















