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- Extracellular signal molecules
+ Unicellular organisms

- Response to extracellular signal molecules—>
altered cell behavior

- Multicellular organism
- Response to signal molecules:
+ Altered metabolism
« Altered tissue growth and differentiation
+ Protein synthesis and secretion

« Altered intracellular and extracellular composition

- Signal molecules : ligand bind to
specific receptor - on/in target cell

- cell-surface receptors act as signal
transducers by converting an
extracellular ligand-binding event into
intracellular signals that alter the
behavior of the target cell
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Figure 15-1 Melacular Biology of the Cell /e (¢ Garland Science 2008)
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- Signal molecules <108M - activate cell signalling &
alter cell behavior

- Receptor :
« Intracellular - hidrophobic/small signal molecules
« Extracellular = hidrophilic signal molecules

INTRACELLULAR RECEPTORS

CELL-SURFACE RECEPTORS small hydrophobic
Jasma membrane — signal molecule
cell-surface e “ o/
receptor protein 7 target cell
carrier protein
hydrophilic signal
molecule target cell nucleus
1 Ml Bl S Gt s e intracellular receptor protein

Figure 1530 Molecular Biology of the Cel e (¢ Garland Scence 2008)

Types of extracellular signaling.

(a) Endocrine signaling (b) Paracrine signaling
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(c) Autocrine signaling (d) Signaling by plasma-membrane-attached proteins
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a) Endocrine signaling depends on endocrine cells, which secrete hormones into SYNAPTIC
the bloodstream for distribution throughout the body.
b) Paracrine signaling depends on signals that are released into the extracellular neuron synapse
space and act locally on neighboring cells.
c) Autocrine signaling: cells may also produce signals that they themselves -
respond to -
d) Contact-dependent signaling requires cells to be in direct membrane-membrane axon
contact cell . target cell
o o o i el neurotransmitter
e) Synaptic signaling is performed by neurons that transmit signals electrically body
along their axons and release neurotransmitters at synapses, which are often  wwcaiicmicn

located far away from the neuronal cell body.



10/23/2014

extracellular signal molecule

- Speed of a response to
an extracellular signal i,“
depends on:

- The mechanism of signal
delivery

- the nature of the target
cell’s response.

nucleus

ALTERED PROTEIN SYNTHESIS

ALTERED CYTOPLASMIC MACHINERY

° R eS po n S e : _— .,..u.....,,...‘..“.m...,__:.nno CELL BEHAVIOR
- rapid response:
changes in proteins already present in the cell:
- an allosteric change in a neurotransmitter-gated ion channel
- protein phosphorylation
- Slow response
- changes in gene expression and the synthesis of new proteins

- Gap junction
- Sharing signalling information

- exchange of inorganic ions and other small watersoluble
molecules : Ca?*, cAMP

- homogenize conditions in the communicating cells
* nerve-muscle

gap junction

small molecule

i 15.7 Molacadar Bisiogy of the Cal e © Garland Sclnce 3508)



Different Types of Cells Usually Respond Differently to the
Same Extracellular Signal Molecule

- A cell’'s response to extracellular signals depends on:
- the receptor proteins

- the intracellular machinery by which it integrates and interprets the

signals it receives. (A) acetyicholine (B) heart muscle cell
- signal’s concentration e S ';f:f:.'.’.'
H,C —C—0 —cu,—cu,—tt‘—cu,
CH,
source of (C) skeletal muscle cell acctykholim
morphogen — .

morphogen gradient

? Cr) @l) ::;: mmited [ (D) salivary gland cell
@ @ @ committed ®

Figure 159 2008)

A Cell Can Alter the Concentration of an Intracellular
Molecule Quickly Only If the Lifetime of the Molecule Is Short

- During development =» transient g™ 200min 1 Tsie
extracellular signals : .
—lasting effects 58 8

- trigger a change
in the cell’s development through

cell memory mechanisms. 5 ¢ ok, 10min
- adult tissues
4 4
- the response fades when
a signal ceases. 40 min
- effect is transient 52 2 -
-> signal effects by altering 1 min e
the concentrations of short-lived i ey
(unStabIe) Intracellular mOIeCUIeS minutes after the synthesis rate has minutes after the synthesis rate has
-> Undergoing Continual turnover. been decreased by a factor of 10 been increased by a factor of 10
. (A (8)
- turnover rate can determine the Plre 1511 Mol Blogy of he el e ¢ Garand Sclnc 068

promptness of the response when an extracellular signal arrives
- Example : X and Y molecules are maintained by 1000 molecules
- Y : synthesized and degraded every 100 mol/sec and lifetime each mole : 10 sec
- X turnover rate: every 10 mol/sec. average lifetime:100 sec.
- Activating Signal: 10 x fold increase synthesis of both x and Y = Y 900; X 90

10/23/2014



Intracellular Receptor

ligand-binding
domain

transcription-activating
domain

- Signal molecules: i
Conforma
- small molecules (CO, NO), tional DNA-binding domain = 8
- hydrophobic molecules: estrogen, change sy S
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- The transcriptional response ->
multiple steps. :

- direct stimulation of a small number
of specific genes -~ £ 30 minutes
= primary response;

protein products —
primary response

- a delayed, secondary response;
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f” MRNA e
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Figure 15-154 MolecudarBiology o the Cel /e © Garland Science 2008)

SECONDARY (DELAYED) RESPONSE TO STEROID HORMONE

- some of the proteins from
primary response - inhibit
transcription of primary
response genes—> negative
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3 types of Cell-Surface Receptor Proteins

- lon-channel-coupled receptors, ioncuanneLcoupLen receprons
- transmitter-gated ion channels or o == fons

ionotropic receptors, ‘h .\ —sianal molecule
plasma
memhrane

- G-protein-coupled receptors e

- act by indirectly regulating the activity of a separate plasma-membrane-
bound target protein, G-PROTEIN-COUPLED RECEPTORS

signal molecule

which is generally either
an enzyme or an ion channel. -
0 £)
lmm inactive m
receptor G protein  enzyme receptor and activated G protein
G protein
- Enzyme-coupled receptgrg
ENZYME-COUPLED RECEPTORS
- either function directly as gl molecle - sionalmolecule

enzymes or associate inform ofa dimer l
directly with enzymes
that they activate

e

inactive catalytic active catalytic activated
domain domain associated
enzyme

Figure 15-16¢ Molecular Blology of the Cel e (¢ Garland Sclence 2008)
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Relay signals from cell surface

- Relay signals from cell surface via :
1. Small molecules : second messenger

caleium ian,
ca?* [2,5,8)2

NH, o]
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Ly, ,
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I
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& L & L CHF(CHZ»,,—(”:— o—cH
3 12 3 2 o 2
o=r|’—o OH O=Ii"70 OH Fatty acyl groups CH,OH
o (o) Glycerol Inositol
3',5'-Cyclic AMP 3',5'-Cyclic GMP 1,2-Diacylglycerol 1.4 5-trisphosphate
(cAMP) (cGMP) (DAG) (IP3)
Activates protein kinase A (PKA) Activates protein kinase G (PKG) Activates protein kinase C Opens Ca?+ channels in
and opens cation channels in (PKC) the endoplasmic reticulum
rod cells
. . extracellular signal molecule
- Relay signals from cell surface via : receptor protein
. . . . plasma membrane
2. Network of intracellular signaling proteins < cvTosoL — .
) 44\\\‘ ‘ m WVIARY
- relay the signal TRANSDUCTION
y 9 . . . SCAFFOLD %

- scaffold to bring two or more signaling LN
proteins together ‘ RELAY

- transform, or transduce, the signal '

. i i i i : i EEEERER! TRANSDUCE AND
ampl_lfy the_ S|gn_al it receives, :=» chain IRERRERN NSDUCES
reaction : signalling cascase

L)
« producing large amounts of a small
intracellular mediator or NS
. . . ' INTEGRATE
* activating many copies of a 7
downstream signaling protein. —ied ./0 \.-___ D
- Integrate two or more signaling pathway
. .‘)_‘I ANCHOR
- spread the signal = branches A
signalling stream
g g ) . X nuclear envelope - ‘ MODULATE
- anchor one or more signaling proteins j’//’))  —
.. . . ICLEUS
- modulate the activity of other signaling =" NucLeo
proteins =»regulate the strength of Naic  activatedgene mm PROTEIN
. . DNA
signaling along a pathway. signal response |
element ' GENE TRANSCRIPTION

Figure 15-17 Molecular Biology of the Cell 5/e (© Garland Science 2008)
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Two important Molecular switches

- Phosphorylation :
- protein kinase & protein phosphatase
- GDP/GTP binding

- GTPase-activating proteins (GAPs) & guanine nucleotide
exchange factors (GEFs)

INACTIVE
— monom:mccw-u
SIGNAL 42 SIGNAL
m proteii protein GTP GTP
kmase phosphatase binding  hydrolysis
(6o [ ore |
II/ . lll, \” .
P u\ crp gt :
SIGNAL SIGNAL
ouT out Ac‘nvs
MONOMERIC GTPase

[T TR ——

(A) SIGNALING BY PHOSPHORYLATION (B) SIGNALING BY GTP-BINDING

Figure 15-18

Intracellular Signaling Complexes Enhance the Speed,
Efficiency, and Specificity of the Response

PREFORMED SIGNALING COMPLEX ON A SCAFFOLD PROTEIN
inactive receptor signal molecule

- Scaffold protein - -
- Assembly of signaling complex & b5 lasma membrae
on an activated receptor s 2 . '§> i
- Assembly of signaling complex A .Q’ e
on phosphoinositide docking g
sites U
ASSEMBLY OF SKGNALING COMPLEX O AN ACTIVATED RECEFTOR

signal molecule

inactive receptor

ASSEMBLY OF SIGNALING COMPLEX ON PHOSPHOINOSITIDE DOCKING SITES
specific phospholipid  gjgnal molecule

inactive molecules activated receptor i
receptor (phosphoinositides) hyperphosphorylated intracellutar
phosphoinositides g signaling
activated tol
inactive ate reneptor.
{ intracellular
A S signaling
proteins oW
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signaling proteins

inactive intracellular
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Receptor and signalling protein locallization

Neuroligin
NMDA-type (™) Kainate-type
. - e A
1. Clustering protein using adaptor . é =

protein domain
+ Src homology 2 (SH2) or 3 (SH3) domains
- phosphotyrosine-binding (PTB) domains
« Pleckstrin homology (PH) domains
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Cytosol
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|
\ L

2. Clustering protein using lipid raft
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Multiple Mechanisms to Respond to a Gradually Increasing
Concentration of an Extracellular Signal

- Smoothly graded vs switch-like
signaling responses

- discontinuous or all-or-none
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Feedback loops of intracellular signaling network

POSITIVE FEEDBACK NEGATIVE FEEDBACK
signal kinase positive signal kinase
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E kinase E kinase negative
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Figure 15-28 logy of the Cell S/e ( 2008)

Desensitization of a signal
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Figure 15-29 Molecular Biology of the Cell 5/e (© Garland Science 2008)

intracellular
signaling protein

receptor signal
protein  molecule
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