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SIGNALING

» Different steps in signaling pathways
» The second messenger systems

» Function of signaling pathways for
»  Signal transmission

>  Amplification

» The role signaling pathways in regulation and
integration of metabolism




No cell lives in isolation

You should know that cells

Signaling process

By receptors

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

Communicate with each other

Send and receive information (signal)

response.

Signal is relayed within cell to produce

Modification of
cell metabolism
and function or
the response of the
cell

Signaling cascade

onzyme

/

R B =

protein

 INTRACELLULAR SIGNALING PROTEINS

TARGET PROTEINS

metabolic — gene regulatory  cytoskeletal
protein




Recognition  1-Performed by receptors

2-Ligand will produce response only in cells that
have receptors for this particular ligand

3-Each cell has a specific set of receptors
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Different Responses to the Same Signaling Molecule

Different
esponses to the
same signal.

Between

different cells. In the same cell.

a) Between different cells
Concept: when | give cells the same sighaling molecule, | can get different responses from
different cells.

Examples of signaling molecules: Hormones (Testosterone, Insulin, etc.) or
neurotransmitters such as adrenaline or Acetylcholine.

(8B) salivary gland cell
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We can see from this picture that when Acetylcholine (Ach) came to the heart muscle cell, it
decreases the rate and force of contraction. On the other hand, when the same signal (Ach)
goes to salivary glands, it increases the secretion.



b) Different responses in one cell.

This happens when there are different pathways in one cell.

We will put an example to explain this process which happens in our bodies every day inside
the liver cells (hepatoctes):

When you are feeling hungry, you blood glucose levels are usually low. This condition is
named hypoglycemia (remember hypo means low). After that, a famous hormone called
glucagon will be released. This hormone basically releases the stored glycogen from the liver
to the blood (opposite to insulin).

What happens after that?

Glucagon has receptors in the hepatocytes. After that, Cyclic AMP (cAMP) is produced. cAMP
leads to enzyme phosphorylation. We will talk about this process in detail after a while.



Enzyme
phosphorylation

Glycogen
synthase

Glycogen
phosphorylase

a) What happens when glycogen synthase is phosphorylated?

Glycogenesis is inhibited. Glycogenesis is the process of glycogen synthesis, it is how glucose
is stored.
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b) What happens when glycogen phosphorylase is phosphorylated?

Glycogen phosphorylase stimulates glycogenolysis; which is the process of breaking down
glycogen to glucose.
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Remember: these two processes happen in the liver at the same time under the effect of the
same molecule which is glucagon.

This is the slide the doctor used (| hope it makes sense now)



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
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Glycogen synthasﬂ {Glycogen phosphorylase

(Inactive form) (Active form)
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Inhibition of glycogenesis Stimulation of glycogenolysis




GTP- Dependent Regulatory Protein (G-Protein)
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enzyme

G-protein

As you can see, the G protein has 3 subunits, that is why is is called trimeric protein. In
addition, it is bound to the cell membrane.

When the G protein is bind to GDP, in is inactive, but when it is bound to GTP is becomes
active.

As you can see, the alpha subunit is the one that has the GDP group.
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Adenylyl cyclase

[

Adenylyl cyclase

(it Y

G protein Activated

G protei
Plasma membrane b W

We are coming to the whole process but for now just look at the adenylyl cyclase.

It is a membrane bound enzyme that converts ATP to cAMP. (we will discuss what cyclic
AMP does later.)

Signaling pathways for regulation of metabolism

There are two important second messenger systems, Adenylyl cyclase system and
phaosphatidylinositol system.
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Adenylyl cyclase system:

Usually, the receptor has no signal, therefore there is no action in the cell.

Once the receptor is activated by a signal (hormone or whatever) it is activated.

1 Unoccupied r does
ot nteract with -protein.

What happens when it is activated?

shape and interacts with
“Pprotein. ~Protein releases
and b GTP.

Occupied receptor ch-!;e.

The G protein throws away the GDP & becomes RICH! (with GTP) & activated.



hsorites anl Sk
adenylyl cyclase,

As you can see here, when the alpha subunit became rich it left its old friends, and goes to
the adenylyl cyclasedsd s 8 < ) Lo e Al e o0 Wl g4l ol ) 5aS00 JiSual) o ol 63

Adenelyl cyclase will then convert ATP to cAMP. This cyclic AMP is said to be a secondary
messenger; because it goes and creates other changes in the cell.
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Look at the photo while you are reading.

cAMP will activate the cAMP dependent protein kinase.This dependent protein kinas (DPK)
will phosphorylate many enzymes and is responsible for all the changes in the cell.
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How is the signal stopped?
Keep looking at the picture as you read.

1)Look at protein phosphatase (bottom right of the picture). What it does is that it removes
the phosphate from the activated protein, making it inactive. So protein phosphatase
removes the phosphate and stops the signal.

You see the number 1 on the upper right corner of the picture? This is Phosphodiesterase.
(we couldn't put it there because there is no space). What it does is that it transforms the
CAMP to ATP. By doing this, cCAMP isn’t there to activate the cAMP dependent protein
kinase. And the signal will be stopped.

So, phosphodiesterase lowers cAMP and, as a result, inactivates the cAMP dependent

protein kinase.
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2)And of course, when the signal (hormone) is no longer there, the GTP will go away from
the alpha unit of the G protein. This will make it poor again, and it will go back to its friends
in the resting mode.
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G protein coupled membrane receptor

Now that we learned about the G protein and anylyl cyclase, along with the cAMP and what
happens after it activates protein kinase, it is the time to as the following question:

What is this receptor that has the G protein?

The extracellular domain contains
the binding site for a ligand
(a hormone or neurotransmitter).
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Intracellular domain
that interacts with
G-proteins

Please look at the picture
This is called a seven pass receptor because it crosses the cell membrane seven times.

It has an outer domain that receives the signal, and an intracellular domain that holds the G
protein.



Pyruvate Kinase Regulation:

Covalent Modification

Glucagon ~_
T E Ty
ALIRIRAIAY) Receptor VLIGERLAALELAIAILLLY

Adenylyl

cyclase

ATP  cAMP + PP;
Active protein kinase A
PEP
ADP

s
-
—— -

-

Pyruvate
_kinase
(inactive)

e e

~
-
- -

7
Pyruvate

Glucagon binds to receptor in order to

increase the number of glucose in the

blood stream. Pyruvate is compound
from glucose. When the Pyruvate is
active, it will decrease the number of
glucose (Burning it down). BUT here the
enzyme is Glucagon (it wants to
increase the rate of the glucose).
Glucagon will prevent burning of
Pyruvate. So, Glucagon dephosphates
Pyruvate and shuts it down.



Calcium/Phosphatidylinositol System:
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1 Hormone binds
to a specific
receplor.

c-Subunit of Gg

5 Active phospholipase C
protein dissociates cleaves phosphatidyl-
and activates inositol 4 5-bisphospate
phospholipase C. to inositol :i:pho.phah
o i (IP3) and diacylglycerol.
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Phospholipase C

Gg protein

releases @ €
GDP and Inositol 1.4,5- <7
binds GTP. trisphosphate (IP;)

Pho sphorylated prote

IP; binds to a specific receptor
on the endoplasmic reticulum,
causing release of sequestered Ca** .

INTRACELLULAR
EFFECTS

Protein kinase C
catalyzes phosphorylation
of cellular proteins that
mediate cellular response
to the hormone.

Antldluretlc hormone [ADH)

or Acetylcholine




Name of hormone Glucagon / epinephrine | Antidiuretic hormone or

acetylcholine
‘ Enzyme Adenylyl cyclase Phospholipase C
Substrate ATP phosphatidylinositol 4 5-
bisphosphate
‘ Second messenger cAMB diacylglycerol

Signal Amplifi cation: One hormone will stimulate a lot of second messages.

*and if the series is long, There are a lot
multilevel inhibition (in pharmacology the
drug can inhabit any step of this long series
of steps.
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CAMP & Signal Amplification
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Protein Kinases  Profein Kinases Amplification
Protein Kinoses Each kinases
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ooy Amplification?




Take home message

Cell signaling allows

- Signal transmission and amplification
- Regulation of metabolism

 Intercellular communications & coordination

of complex biologic functions
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