Mechanisms of Cell
Communication
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Four forms of intercellular signaling

4= Contact-dependent signaling requires
cells to be in direct membrane—membrane
contact.

Paracrine signaling depends on signals
that are released into the extracellular space
and act locally on neighboring cells. —

€ Synaptic signaling is performed by
neurons that transmit signals electrically
along their axons and release
neurotransmitters at synapses, which are

often located far away from theneuronal cell
body.

Endocrine signaling depends on endocrine
cells, which secrete hormones into the
bloodstream for distribution throughout the

body. —
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Extracellular signal molecules can act over either short or long distances
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Extracellular signal molecules bind to specific receptors

CELL-SURFACE RECEPTORS

plasma membrane

cell-surface
receptor protein

hydrophilic signal
molecule target cell
Most signal moleculesare hydrophilic
and are thereforeunable to crossthe
targetc e |plasinamembranddirectly.

Instead, they bind to cell-surface
receptorswhichin

turn generatesignals inside the target
cell.

Receptor Types

INTRACELLULAR RECEPTORS
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target cell
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Some small signal molecules, by contrast, diffuse across the plasma membrane
and bind to receptor proteins inside the target cell— either in the cytosol or in
the nucleus (as shown here). Many of these small signal molecules are
hydrophobic and nearly insoluble in aqueous solutions; they are therefore
transported in the bloodstream and other extracellular fluids bound to carrier
proteins, from which they dissociate before entering the target cell.

Regardless of the nature of the signal, the target cell responds by
means of a receptor protein, which specifically binds the signal
molecule and initiates a response




A simple intracellular signaling pathway activated by an extracellular signal molecule

The signal molecule usually binds to a receptor

protein that is embedded in the plasma
membrane of the target cell

Activation of one or more intracellular signaling '
pathways mediated by a series of signaling proteins. &

Finally, one or more of

the intracellular signaling proteins alters

the activity ofeffector proteins

thereby thebehaviourof the cell is altered.

EXTRACELLULAR SIGNAL MOLECULE

RECEPTOR PROTEIN

— plasma membrane of
target cell

INTRACELLULAR SIGNALING PROTEINS

4
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x - (" S—) EFFECTOR PROTEINS
metabolic generegulatory cytoskeletal
enzyme protein protein

altered cell
shape or
movement

altered altered gene
metabolism expression



The three largest classes of cell-surface receptor proteins are ion-channel-linked,

G-protein-linked, and enzyme-linked receptors

ION-CHANNEL-COUPLED RECEPTORS

=

Nicotinic receptor
G-PROTEIN-COUPLED RECEPTORS

IOﬂS

—signal molecule

pIasma
membrane
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receptor

L Il
inactive inactive inactive
receptor G protein enzyme

ENZYME-COUPLED RECEPTORS

sugnal molecule

informofa dlmer
L, Ny

inactive catalytic active catalytic
domain domain

Tyrosine kinase receptor

signal molecule

activated enzyme

receptor and activated G protein  mediatesthe interaction between the activatec

G protein

lon-channel-coupled receptors, also known as transmitter-gated ion
channels oronotropicreceptors, are involved in rapgynaptic signaling
between nerve cells and other electrically excitable target cells such as

nerve and muscle cells
Receptor Types

G-protein-coupled receptors act by indirectly
regulating the activity of a separate plasma
membranebound target protein, which is
generally either an enzyme or an ion channel
trimeric GTPbinding protein (G protein)

activated

receptor and this target protein.

- signal molecule

Enzyme-coupled receptors either function directly as enzymes or
associate directly with enzymesthat they activate . Theyare usually

activated singlepasdgransmembraneproteins that have their ligandbinding site
2ssoctared outsidethe cellandtheir catalyticor enzymebindingsiteinside

enzyme
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Heterotrimeric G-Protein

Beta-gamma dimer

GTP-bound alpha subunit
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Some G proteins activate the inositol phospholipid signaling pathway by
activating phospholipase C-b

@ signal molecule Pl 4,5-bisphosphate
w [P1(4,5)P,]

diacylglycerol

activated GPCR  activated
phospholipase C-

o TTA R i L

] inositol P & p.rotein
actlvate.d G, 1,4,5-trisphosphate O @@ kinaseC
protein (IP,) @@ a2+

open IP;-gated
Ca?*-release
channel

IP3 Pathway

lumen of
endoplasmic
reticulum
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Activates adenylate cyclase
Increases cAMP production

Inhibits adenylate cyclase
Deacreases cAMP production
influences phospholipase activity
Influences ion channel function
Effects phosphodiesterase activity

Activates PLCP
Increase diacylglycerol
Increases IP;
Increases Protein Kinase C activity
Increase cytoplasmic Ca?*

Alters ion channel function
Activates PI3Ky
Activates PLC
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GnRH
Oxytocin
ADH
TRH
Histamine
Angiotensin i
Gastrin
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Signaling through G-protein-coupled cell-surface receptors (GPCRS)
and small intracellular mediators

EXTRACELLULAR
SPACE

CYTOSOL

plasma
membrane

GPCR

G Protein Receptors Signaling Pathway
Gg Beta adrenergic Increase Adenylyl
] receptors, glucagon, cyclase CAMP
histamine, serotonin Excitatory effects
Gj Alpha, adrenergic Decrease Adenylyl
receptors, mAchR, cyclase CAMP
opioid, serotonin Cardiac K* channel
open- decrease heart
rate
Gq mAchR, serotonin PLC-1P,,DAG

SHT,.

Increase Cytoplasmic Ca

T




Extracellular signal : Hey can
you help?
G-protein coupled receptor:
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MAP kinase pathway

Grb2 -> GEF ->Ras
-> Raf -> MEK -> ERK
Cellular activators /

EGFR, FGFR second messengers  MYC, ELK, ETS
/GPCR Receptor Transcription factors
Growth factor Cellular effects
V[:iGF' E"GF - Cyclin synthesis
A Cell growth
molecule

Cell division

5 Fingers to
remember
Cell

signalling



Receptor Tyrosine . 4 Factors

Kinase or local signaling

Activation of cross
phosphorylation
of Tyrosine residues
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Phosphorylated
SH2 Domainis a
binding site for
various enzymes



1:17'0|

RAS RAS
7
D)

|

N Insulin
MAP-Kinase-Kinase-Kinase — RAF |GF1 RTK
l FGF -
MAP-Kinase-Kinase —— MEK PDGF BAS Ihree Klnases

EGF

|

ERK

MAP-Kinase

Ras, from Rat sarcoma viruso :  SGifiRade, lconducting intracellular signal transduction.
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& Mitotic phase

Cell cycle

\ A Cyclin D

Cyclin D CDK#%/6

S phase
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TransCription Of gene
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RAS GTPases




{Uncontrolled proliferation
leads to Canhcer
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The Transforming Growth Factor 8 family

SMAD 2/3/4
MAP Kinase pathway
NF Kappa B Pathway

PI3K AKT mTOR

Cellular activators /
second messengers SMAD 4

TGFBR Receptor Transcription factors

Active
TGF Beta Cellular effects
S:.iga?"d Cell growth
mi?:cu?eg Proliferation
Metastasis

Angiogenesis

s Fingers to
remember
Cell

signalling

TGFBs (TGFB1, TGFB2, TGFB3)
activins
NODAL
bone morphogenic proteins (BMPs)

growth and differentiating factors (GDFs)
anti-Mdullerian hormone
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SP pro domain mature domain

NH2 COOH
pre-pro-protein

proteolytic site
(R/K)XX(R/K)

pro domain mature domain

NH2 COOH

pro-protein

NH2 COOH

pro-domain/ ligand heterotetramer




VPR Recasier Cals Adiveied by [Kinese Adivity off TVRE [
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JAK protein family and function



cytokine cytokine

cytokine

cytokine receptor




JAK protein family and function
Cytokine i-l
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4 distinct cytoklne receptor families

\

— == e = My )
PR & > A SCGY - M ¢ ) e *1
= . —~GA s -  § . \ JL
-, SR NS . - . ) @ ‘

\{ h \ (3 »h y wmm “}” “ ‘Mu )"\ * l“‘,hﬁ\\\“),' ‘

2‘ ;aw:jfbl\ls\lg")"e’e!w g 35' !’DDQ‘, ’3‘5'3”3‘.'3."‘”‘3351‘ X

y .

7S

~ JAKT ~ JAK1 . TYK2

B JAK3 0 JAK2
= =




JAK inhibitors prevent JAK-STAT signaling pathway

JAK activation is
prevented

No phosphorylation of
receptor subunits

No receptor
docking sites prevents

Orally administered < STAT phosphorylation
JAK inhibitors |

Inhibition of i ) | No translocation of STAT
free-floating "% dimer complex to nucleus

or bound JAK
X

No transcription of
pro-inflammatory genes




Potential of JAK inhibitors

Oral dosing Membrane permeable,
small molecule inhibition Multiple

Y cytokine IL-2,4,7,9,  IL-6, 11,12,
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Table 11.1 Intracellular Second Messengers

e e | me— OECONMAary messeng
CAMP Adenylyl cyclase | Activates protein
kinases
cGMP Guanylyl cyclase | Activates protein Secondary messengers are one
kinases, regulates ion of the initiating components of
channels, regulates : . :
phosphodiestereases Intracellular signal transduction
Ca?* “llon channels in | Activates protein cascades. Examplessekond
ER and plasma/kinases, activate-_s Ca®* messenger molecules include
membrane modulated proteins
IP, PLC action on Pl | Activates Ca®* channels _
DAG PLC action on Pl | Activates protein kinase CyC|!C AMP
C cyclic GMP
Phosphatidic acid | Membrane ; A'::tivat(?s Ca:'b Inositoltrisphosphate
component and | channels, inhibits -
productof PLD | adenylyl cyclase dlacylglycerol
Ceramide PLC action on|Activates protein calcium
| sphingomyelin kinases
Nitric oxide (NO) | NO synthase Activates guanylyl
- cyclase, relaxes smooth
muscle
Cyclic ADP ribose ;| cADP-ribose Activates Ca®*
synthase channels




Inositol Triphosphate (IP3) Pathway

First Messenger —> Second Messenger —>» Cell Response

* First Messenger
« Extracellular Ligand
* Binds to G-Protein Coupled Receptor
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IP 5 is limited by the
presence of the hydrolytic
enzyme inositol
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A protein kinase is a kinase enzyme that modifies
other molecules, mostly proteins, by chemically adding
phosphate groups to them ( )

Protein Phosphorylated Protei
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! From Oxford Journal ATP ADP



Regulation of PKA

|Protein Kinase A

» 2 regulatory (R) subunits + 2
catalytic (C) subunits

» R subunits block substrate
binding sites in C subunits

» Binding of cAIVIP to R
domains releases active C
domains

» Now able to bind substrate

Inactive PKA

Regulatory subunits:

empty cAMP sites

Catalytic subunits:
substrate-binding
sites blocked by
autoinhibitory

domains of R subunits 4 cAMjF cAMP

Regulatory subunits:

autoinhibitory
domains buried

Active PKA

Catalytic subunits:
open substrate-
binding sites
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Protein kinase A

Target protein m Target protein

) ADP
)
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Protein phosphatase 1

Inactive Active




