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Objectives

Differentiate different steps in signaling pathways.
Describe the second messenger systems.

Recognize the function of signaling pathways for:
oSignal transmission
& Amplification

Discuss the role of signaling pathways in regulation and
integration of metabolism.
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«Cell signaling: the fundamental process by which specificinformation is
transferred from the cell surface to the cytosol and ultimately to the

nucleus, leading to changes in gene expression.
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@Cell Signaling

No cell lives in isolation

v Cellscommunicate with each other
v Cellssendandreceive information (Signals).

v Informationisrelayed within cell to produce aresponse.

v

signaling Process:

N

Recognition of signal: Receptors

hd

Transduction: Change of external signal into intracellular
message with amplification and formation of second messenger.

0

N/

.Effect: Modification of cell metabolism and function

)

Signaling across gap junctions | A cell targets a cell connected by gap junctions.
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General Signaling Pathway

General Signaling Pathway

G——Ligand
. o g O O (primary
Theligand is the primary @) 5 O messenge)
Theligand ~Messengerand it could be C A
bindstothe hormones or neurotransmitters e cyrosoL
receptor

binding

l @ Cellular responses

e

transduction

The change of the primary
messenger into an intracellular

Signal
transduction second messenger

NUCLEUS

(via second

messengers) @ Changes in

gene expression

The second messenger modifies the
wooheir - .cell’s function and metabolism

changesin gene
expression




Signaling Cascades

EXTRACELLULAR SIGNAL MOLECULE
s N
The Ligand The second RECEPTOR PROTEIN
e messenger will
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i thg intracellular signaling protein target celland target cell
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- — .Performed by receptors / ‘ \
S x B =0 EcTORPROTENS
'E Ligand will produce response only metabolic gene regulatory cytoskeletal
oY) in cells that have receptors for enzyme protein protein
o .this particular ligand l l 1
O
v || Each cell has a specific set altered  altered gene .:":.d :“
oc .of receptors metabolism  expression movep:mt

Figure 15-1 Molecular Biology of the Cell $/e (© Garland Science 2008)



Different Responses to the Same Signaling
Molecule. (A) Different Cells

A) heart musclo cell (B) salivary gland cell

protain

| DECREASED RATE AND
- FORCE OF CONTRACTION



Different Responses to the Same Signaling Molecule.

’ (B) One Cell but Different Pathways

Hypoglycemia
Glucagon secretion
Hepatocyte: Glucagon/receptor binding
Second messenger: CAMP
Response: Enzyme phosphorylation

Glycogen / Glycogen

Glycogen synthesis

phosphorylase
phosphory|ase (inactive form) (Active form)
L Inhibition of Stimulation of

glycogenesis glycogenolysis




GTP- Dependant Regulatory Proteins { o

(G-Proteins) Important
slide
G-Proteins : trimeric membrane proteins (apy):
% G-stimulatory (G )
% G-inhibitory (G) /
binds to GTP/GDP.
B&y:
Forms of
G-protein
a
| 1
Active Inactive
form form
(" N\
The a-subunit has intrinsic
a - bound Trimeric - GTPase activity, resulting in
GTP bound GDP hydrolysis of GTP into GDP
(a/ GTP) (GBY / GDP) and inactivation of G-proteins.




Signaling Pathways for Regulation of Metabolism:

The important of second messenger system: ‘

N
Adenylyl cyclase Calcium/
system phosphatidylinosito

| system

/ AN

system




1- Adenylyl cyclase system

- Adenylyl cyclase : Membrane-bound enzyme, converts ATP to cAMP. (
 Activation/Inhibition:

Signal

« Hormonesor
neurotransmitters (e.g.
glucagon and epinephrine)

- Toxins (e.g.
cholera and pertussis toxins)

Receptor

G-protein coupled
receptor

Response

« Activation/inhibition of

protein kinase A
(cAMP-dependent protein
kinase)



Signal transduction: adenylyl cyclase system

Unoccupied receptor does
not interact with G protein.

Extra- ¢ “s«—Hormone or neuro-
transmitter

cellular

space f Cell
Gg protein membrane

with bound GDP

Inactive adenylyl
cyclase

Ligand/Receptor
Binding Activation of
Gs-protein

o Subunit of G protein
iates and activates

adenylyl cyclase.

Resting state: No Signal

(> ] Helpful video

Y

Occupied receptor changes

a shape and interacts with

G, protein. G, protein releases
GDP and binds GTP.

adenylyl
GDP cyd.y.'.y

Activation of adenylyl
cyclase


https://youtu.be/qOVkedxDqQo?si=ZgORZ54LWjUcNExR

Adenylyl cyclase is responsible for
(ATP__cAMP)

7

Actions of cCAMP

Regulatory —» @«cmwc
subunits il subunits

cAMP-dependent protein kinase A
Adenylyl

cyclase

ATP =—>cAMP (= +>AMP

®s

.J y

Active catalytic unit

of protein kinase
PrOtEI &

substrate

Phosphorylated
protein

Protein
phosphatase

INTRACELLULAR Dephosphorylated

EFFECTS protein

1)

2)

3)

phosphodiesterase

- @

Med441:

CAMP binds with the
regulatory subunits of kinase
A leading to activation of the
catalytic unit of protein
Kinase.

Activated catalytic unit will
phosphorylate a protein
giving us a phosphorylated
protein

The phosphorylated protein
will doits intra-Cellular
effect



Signal termination : y O

There is 3 ways for signal termination:
GTPase s responsible for

) (GTP—GDP)

Ve

Protein phosphatase

1- protein
phosphatase : When hormone is no longer
dephosphorylated protein. present, the receptor reverts
- J to resting state. GTP on the
- . asgbunlt is hydroy?:;od ;
phosphodiesterase ::deoapct’legde:.den e
2- phosphodiesterase

inactive protein kinase.

o J

- GTPonalphasubunitsis hydrolyzed
into GDP

3-hormonisno
longer present
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G-Protein Coupled Membrane Receptor

@

Must know those 3
features of G-coupled
receptor

The extracellular domain contains
the binding site for a ligand

(a hormone or neurotransmitter).

==

-
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The intracellular
dqmain inter_acts Note the seven
with G proteins. transmembrane

o helices.

y |



Pyruvate Kinase Regulation

Covalent Modification
« Thisis an example of adenylyl cyclase system

Glucagon —_ ™

Adenyly! —

cyclase
ATP  cAMP + PP,

1

Active protein kinase A

PEP
ADP - .
Pyruvate Pyruvate :
inase S z inase .
(active) (inactive)

- ¢
ATP £ Pyruvate




2- Calcium/Phosphatidylinositol System

i

Diacylglycer
(DAG)

Inositol Tris
(IP))

N

Phosphatidylinositol 4,5-bisphosphate

Phospholipase C: It’s
important to move to
next step




Intracellular Signaling by Inositol trisphosphate

phospholipase C.

© < Hormone

) Gc= Adenylyl cyclase Gg= phospholipase C
Hormone binds a a-Subunit of Gq
to a specific protein dissociates
receptor. and activates

Active phospholipase C 7 Calcium and
cleaves phosphatidyl- diacylglycerol
inositol 4,5-bisphosphate activate protein
to inositol trisphosphate kinase C.

(IP3) and diacylglycerol.

IP; binds to a specific receptor
on the endoplasmic reticulum,
causing release of sequestered Ca2+.|

T

ENDOPLASMIC
RETICULUM

=? e.g., Antidiuretic hormone (ADH), Acetylcholine

CELL MEMBRANE
‘ ' DlacylglyoerolN
Acﬂvated/ —— m 5 o
receptor Q A,
/v hospholipase C Caz2+
GDP
£ Inositol 1,4,5-
trisphosphate (IP,) Phosphorylated proteins
G, protein releases
GDP and binds GTP. L

{ 7/
7
M #
,/

a2+ INTRACELLULAR
EFFECTS

C
7g8
/ Protein kinase C
catalyzes phosphorylation
of cellular proteins that

mediate cellular response
to the hormone.




Signal Amplification

cAMP & Signal Amplification

< @ Each activated AC
p generates many cAMP Amplification
c AMP“// \\“ cAMP molecules
CAMF;\MP AMP ¢
o c
CAQ"P CAMP molecules
stimulate PKA; Each Ampilification
PKA phosphorylates
many kinases

Protein Kinases ‘/,{/ l\‘\\‘ﬁ Protein Kinases

Protein Kinases Protein Kinases . _ _
Protein Kinases Protein Kinases Amplification
Protein Kinases Each kinases

phosphoryiates more
‘/A{/ l\}l&\‘ targets (including kinases)

A lific n?
ODoy Amplification’




@ Take Home Messages

Cell signaling allows

o Signal transmission and amplification.
o Regulation of metabolism.

o Intercellularcommunications & coordination of complex

biologic functions.



MCQs

A) Recognition

B) Effect

C) None

D) Transduction

A) Receptors B) Neurotransmitter C) Hormones D) DNA

A) aBy/GTP B) aBy/GDP C) a/GTP D) a/GDP

A) Kinase B B) Kinase A C) Kinase C D) Both C&B
A) Phospholipase C B) Kinase A C) Phosphatase D) cAMP

Answer key:
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