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Signaling through lymphocyte receptors

* Overview

* Clustering

» Phosphorylation
« Signal trasduction

« Receptor signaling pathways
— Antigen receptors
— Other signaling pathways
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Overview

* Cells communicate with their
environment through surface receptors

» Receptors recognize and bind
molecules

* Binding creates intracellular signals
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“The Cell’ How the recognition of an
stimuli effects changes on
T the cell?
Signals
Alter Cell Response
behavior —Cell activation
—Cell death
—Cell secretion
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Cytotoxic T cell

............. “Th1
\/ Cytokines
Cell killing
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Signal transduction:
“Conversion of signal from one form to another”

Extracellular signal “tickles” receptor

v

«Signal activates intracellular biochemical cascades
Activation of transcription factors

*Expression (or repression) of genes

*Changes on behavior of cell
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Signal Transduction
Transmission of a physical signal into a biochemical signal

Extracellular receptor binding => activation of gene expression
Clustering

« Binding to 1 receptor => no signal

 Binding to 2 receptors
Cross linking => weak signal

« Binding many receptors
Large cross linking => strong signal
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Clustering

1.- Cross-linking of receptors leads to Clustering/aggregation

Fab fragments of F(ab'); fragments Anti-F(ab'); antibodies
antibodies bind to BCR cross-link BCR and cause extensive cross-
but do not signal can produce a signal linking and a strong signal
rabbit anti-F{ab'); antibody
Fab F(ab')z
BCR

B cell {} *

Figere 61 Imaunsbiology. &7e. |5 Gasland S<ience 200%)
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Why clustering?

» Receptors complexes have extracellular
and intracellular components

* Clustering brings together the
intracellular components of the receptor
complex

» The physical proximity of the
intracellular components triggers the
initiation of the signaling cascade
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Kit

ain

Kit {CD117), a hematopoietic growth factor Kit undergoes dimerization upon
receptor, has an extracellular ligand-binding binding to its ligand, stem-cell
domain and an intracellular kinase domain factor (SCF)

SCF

&

- Clustering leads to The juxtaposed kinase domains
intracellular signaling phosphorylate and so activale

- Phosphorylation of Proteins
Receptor associated
tyrosine kinases

- Transphosphorylation

Fig6.2 ©2001 G Sci
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Lipid rafts are specialized regions of the cell = e B
lipids and cholesterol. GPI-linked proteins and acylated proteins such as
Src-family ki are found in lipid rafts

GPl-linked protein saturated

phospholipid

cholesterol

unsaturated

phosphatidylinositol

phospholipid Src-family kinase

Figrera 61 part 1 ol 2 bmmnobéology, . € Garlaad Scisnce 20051
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Lipid rafts are dy that can ge size and proteil
Some p g into lipid rafts when they are oligomerized
by binding ligand.

’Iigand
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Phosphorylation by protein kinases

« Protein kinases Phosphorylate proteins
— Rapid
— No new synthesis of proteins
— Reversible by phosphatases
+ Enzyme Phosphorylated = Active
+ Enzyme de-phosphorylated = Inactive
— Phosphorylation creates new binding sites for other proteins
« Phosphorylation creates SH2 & SH3 binding domains
« Inmobilize cytosolic proteins that are only active if bound to
membrane
+ Increase the local concentration of proteins — amplification of
the signal
* Only tyrosine, serine, threonine and histidine
residues can be phosphorylated
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Adaptor molecules

« Phosphorylation creates binding sites for
other molecules.

M AR Anoth Cytosolic proteins bind
associated adaptor to the phosphorylated
protein kinase cannot EEHchuriated oy e

activate its cytosolic | [ T
as a result of receptor | | be phosphorylated and
targets efficiently vt activated by the kinase

protein
kinase
I adaptor protein I
Tigare -4 Immuncbiclogy. /. |C Garland Science 1005)
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Adaptor molecules = bridges

Phosphorylation creates a SH2 binding domain

Fig 6.5 @ 2001 Garland Science

— Adaptor molecules containing an SH2 domain
— These molecules also have SH3 domains
— Downstream proteins bind to the SH3 domain and get activated
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Phospholipase C -y (PLC-v)

Contains 2 SH2 domains

» PLC- y binds to the adaptor molecule
bound to the receptor complex
Phosphorylation of (PLC- y) activates
the enzyme

Activated PLC- y propagates and
amplifies the signal
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Membrane phospholipid Catabolism
Intracellular signaling molecules carry the signal onward and
Figure 6.4 amplify it.
Phospholipase C -y (PLC-v)
L

f: 18

IP; opens Ca?* channels that

PP, PLC-7, pAG+IP, |

+Phosphatidylinositol-bisphosphate (PIP,) allow entry from ER. )
«diacylglycerol (DAG) Ca?* activates calmodulin
«Inositol triphosphate (IP,) 6A1 DAG activates PKC

G-Protein activation

* GEFs also bind to adaptor molecules
* GEFs activate G-Proteins

« G proteins activate the MAP Kinase cascade => activation of transcription
factors

Small G protei =
Small G proteins like Ly exchange factors
Ras are active when | | Cieas bound GTP (GEFs) displace GDP from small G
they bind GTP mm""“’"‘ g proteins and allow GTP to bind

GEF
.’ . () :
GTP > :> .a >\’> :> (n\!

GoP ... N

Fig 6.6 © 2001 Garland Science
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MAPK migrates to the
nucleus and
rrm:ﬂmmm"m“ - GEFs activate a Pc:umlnamudamn phosphorylates and
MAP kinase cascade || SMell G protein of protein kinases | activates transcription
culminating in MAPK | | factors, which induce
new gene expression

am Tactor

Fig 6.16 ® 2001 Garland Science

Signaling...

==

N X N
Protein tyrosine kinases

— T

Activation of GTP-binding
proteins

Membrane phospholipid
Catabolism (PLC)

' [
MAP & Jun Kinases Ca**; Protein kinase C

(\ ‘ Activation of Transcription Factors ‘

‘ Regulatory sequences ‘ —_— ‘ Expression of proteins (cytokines, receptors, etc) ‘
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Receptor complex structure
Membrane-bound IgM (migh) - Ag receptors are associated with
invariant accessory proteins
— Variable chains provide specificity
(short cytoplasmic tail)
Invariant accessory proteins

recognition

participate in

1. Transport of receptor to the
membrane

2. Signaling (long cytoplasmic
tail)

— ITAMS = immunoreceptor
tyrosine-based activation

motifs
1. Composed of 2 tyrosine
signaling residues

mmunoreceptor tyrosine-beased activation motifs (ITAMS) ‘
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Membrane-bound IgM (migh)
recogniticn

Receptor structure

TCR
—t—
recognition

signaling

Immunoreceptor tyrosine-beased activation motifs (ITAMS) ‘
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- Hgs. 6.7, 6.8
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Phosphorylation of ITAMs on i
B e ¢ tails by First steps
Src-family kinases

antigen

()

B

Blk, Fyn, or Lyn

« Clustering brings
together ITAMS

¢ InB-cells ITAMS are
phosphorylated by Src
family kinases (BIk,
Fyn, Lyn)

e InT cells Lck,
associated with CD4 &
CD8 co-receptor
molecules also
phosphorylates ITAMS
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In the resting T cell
the ITAMSs are not

antigen-presenting cell
11

Binding of ligand to the | | 74p 70 binds to the
nclpiortdsm chain

Co4 MHC

Lek [%z.wm Fyn

Tcell

Figeret12 - ] L S
T Signaling: Protein phosphorylation initiates signaling cascade
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TCR:CDE complex
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u. O
P70
L
|m4mmm:o&wrmnh ub-rq” i s Kate sy ¢: activates Lek and Fyn |

Lek activates TAP-TH, whichin tum
binds

T and StP-’! SLP-TE

phosphonyiates LA
v (PLC-y), GEFs, and Tee.

- 1e02
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E} ek activates ZAP-T), which in turm phosphorylates LAT and SLP-T6, SLP-T6 |
binds and actales pase C-y (PLC-y), GEFs, and Tec kinases
=
PLE cle . PiP,
and inositel Ry}
er-,—'—.-
P P I»unun\{.lallullr Ca?+ GEFs activale Ras, which in bum |
DAG and Ca™ acthvaty A A +
| | | ulennn | sethvales 8 MAP kingso cascade
-3 = 5
setivates & k Tha Ras-ing L
a lrmw-rlo« tactor, WFAT o—-g;hu actorof aciresd and activaiesFas, a component of the
T cels} AP-1 transcription fackr
The traswcription factors NF<B, NFAT, and AP-1 Ieading I
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Other signaling pathways

» Cytokines

Toll Like Receptors
Fas-Fas ligand
Apafl activation
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Cytokine signaling
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binds and
of p L -m“lﬂﬂ

‘receptor | | and LBP binds.
ataptor MyDes| | TRAFS and the
-4
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Binding of FasL causes Activated caspase 3 cleaves|

Fas ligand (FasL) binds to | | a conformational in | [The adaptor e O e ionos of GAD,
Fas. Both Fas, which t L] caspase B | | " ich is released to enter
which cleaves caspase 3 | |y ucious and cleave DNA

FasL _ﬂ#

v
- (] [h
L] active 3
a3 . cw&l-c::pm ﬁ

igure 624 Immunobiology, e 1 Garland Science P05
ras - ras nyaiiu
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Cytocrome C leakage

‘When cell death is

In a normal cell, cytochrome c is induced, the mitochondria swell

present only in mitochondria and leak, releasing cytochrome ¢,
which binds to Apat-1

m..m”!' %\;‘Vﬂﬁ 0

] o
/@
CAD ‘Q |-CAD

Fig 6.24 part 1 of 2 © 2001 Garland Science
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The Apal-1/cylochrome ¢ complex Bcl-2 binds to milochondrial
activates caspase, which cleaves membranes, blocking the swelling
I-CAD, releasing CAD to enter and so blocking the process that
the nucleus and cleave DNA leads to cell death

Fig 6.24 part 2 of 2 © 2001 Garland Science
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Lecture slides index:

http://www.oucom.ohiou.edu/dbms-
grijalva/Teaching/
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