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»Different steps in signalling pathways
»The second messenger system
»Function of signalling pathways for:
 Signalling transmission

» Amplification

»The role of signalling pathways In
regulation and integration of metabolism
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EXtra information that might help you

= Glucagon is a peptide hormone, produced by alpha cells of the pancreas,
that raises the concentration of glucose in the bloodstream

= Glycogen is a multi-branched polysaccharide of glucose that serves as a form
of energy storage

= Glycogenolysis is the breakdown of glycogen (n) to glucose-6-phosphate and
glycogen
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communicate
with each
other

send and
receive
information
(signals)

Produce the
response

» stimulated by the ligand (hormone, growth

factor, neurotransmitter).

Recognition
of signals

Transduction

>

By Receptors (could be on the cell surface or
inside the cell).

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

Each cell has a specific set of receptors.

Change of external signal into intracellular
message with amplification and formation of
2nd messenger .

Modification of cell metabolism and function .



- |
- General signaling pathway and cascade

= The ligand (primary messenger) binds to the receptor,
then the receptor recognizes the ligand.

= Once the ligand binds, it stimulates cascade of events
end up with:

» Transmission of signals to inside of the cell.

» Amplification.

» Formation of second messenger and mediate of
the ligand.

____________________________________________________________|

' Note: the ligand is still outside of the cell because it is
Ihydrophlhc (cannot cross the lipid bilayer). However,
| there are few lipid soluble hormones that can cross the
i I||o|d bilayer, but bind to a receptor inside the cell.
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B Recognition

= Performed by receptors
= Receptors are highly sensitive structures

= Ligand will produce response only in cells that have receptors for this particular
ligand
. e.g. Glucagon is secreted by the pancreas, and it doesn't make any effect
except on the liver cells. So it doesn't make an effect on the muscle cells because it
doesn't have a receptor in the muscles.

= Each cell has a specific set of receptors

. e.g. A cell could have a receptor for glucagon, a receptor for insulin, and one
for epinephrine.. etc.
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‘ )iochemistryTeth Different response to
the same molecule
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(}) Different responses to the same signaling molecule in same
cell, hut different pathways.

Hypoglycemia*
Glucagon secretion
Hepatocyte: Glucagon/receptor binding
Second messenger: cAMP

@ Response Enzyme phosphorylation @

Glycogen synthase Glycogen phosphorylase
(Inactive form) (Active form)
Inhibition of glycogenesis Stimulation of glycogenolysis

* Low blood sugar 435 Biochemistry Team
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\’ GTP-Denendant Regulatory Proteins
P |

= G-Proteins: Trimeric (has 3 subunits) membrane proteins (afy subunits)

= Types according to its function: G-stimulatory (G,) and G-inhibitory (G;)
Binds to GTP/GDP
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- The a-subunit has intrinsic GTPase activity, resulting in
hydrolysis of GTP into GDP and inactivation of G-proteins
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second messenger systems

Second messenger
systems of signaling
pathways
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0 cenr Adenylyle cyclase system

Adenylyle cyclase : a membrane bound enzyme
Function : It converts ATP to cAMP (cyclic AMP)
Second messenger : cAMP

Receptor: G-protein coupled receptor

Signal: Hormones or neurotransmitters are primary messengers

= Hormones or neurotransmitters such as :Glucagon & Epinephrine
= Toxins such as :Cholera & pertussis toxins

According to G-protein’s function
The resulting response will be

/ \

Inhibition of Activation of
protein kinase A protein kinase A

(cAMP-dependent protein kinase) (cAMP-dependent protein kinase)
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}) Signal transduction of Rdenylyle cyclase
system

rouin -Protein releases adenylyl cyclase.
and b GTP.
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cAMP + PP;

Binding of ligand ( primary messenger ) to the receptor activates G-protein.

GDP is replaced by GTP which is bound to a- subunit, then a- subunit dissociates from p&y
subunits.

a- subunit binds to adenylyl cyclase and make it active.

Adenylyl cyclase converts ATP to CAMP .

CAMP is the second messenger.




}) signal transduction of Adenylyle cyclase

system

= CAMP binds to cAMP-dependent protein kinase at regulatory
subunits.

= Then the catalytfic subunits of cAMP-dependent protein kinase
will be released.

= Catalytic subunits catalyze the transferring of phosphate group
from ATP to the specific amino acids of protein such as : serine
& threonine.

= When the phosphate group is bounded to the protein, it
becomes phosphorylated . The resulting protein could be

either active or inactive

e.g. phosphorylated form of glycogen synthase is inactive while

The Phosphorylated form of glycogen phosphorylase is active

Regulatory —» S
subunits

cAMP-dendent protein kinase
Adenylyl!
/
ATP L2225 cAMP (=

b~ - \
’/, : 9
B’ _r

o Active catalytic unit
of protein kinase

Protein > Phosphorylated
substrate / ‘\ protein
H,O
ATP ADP :
Protein
phosphatase
P;

o

INTRACELLULAR Dephosphorylated
EFFECTS protein



‘}) Termination of signal

e Removing phosphate group (PO4) from protein by enzyme called
protein phosphatase

Degradation of
phosphorylated
protein

e Decreasing the amount of cAMP by enzyme called phosphodiesterase which
converts cAMP to AMP

Inhibition of

protein kinase A

e By hydrolyzing GTP to GDP in G-protein which leads to inactive form of G-
protein then a-subunit will bind to B &y subunits

Inhibition of
adenylyl cyclase
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Hypoglycemia
(low blood sugar)

Formation of
second messenger

CAMP

Response : enzyme
phosphorylation
by protein kinase A

Activation of
adenylyle cyclase

Glycogen

Glucagon binds
with receptor on
hepatocyte

Activation of
G-protein

synthase

Glycogen

Inhibition of glycogen synthesis

phosphorylase

435 Biochemistry Team

stimulation of glycogenolysis
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te Kinase Regulation:

)iochemistryTeam Pv'“va e n
R Covalent Modification

Pyruvate kinase is regulated by covalent modification

Glucagon ~_

Covalent modification are alterations of proteins by

enzymes. It includes addition and removal of chemical

Adenylyl
groups ( phosphate in this case). ATP"}"”Z;GMNPPi
= This is an example of pathways with adenylyl Cyclase l
Active protein kinase A

Phosphorylating Pyruvate kinase making it Inactive

This blocks glucose catabolism.

-

= Remember: glucagon secreted during tendency of

T

Hypoglycemia to increase glucose levels.
o&oJM\gﬁY&uﬂ\uiuwML# o
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D apALCIUM/PHOSPHATIDYLINOSITOL SYSTEM

ettt - 0
Structure of Phosphatidylinositol : VL. och,
Diacylglycerol (DAG) — MAWWLé 0(‘3,_'1
+ CH,-®)
inositol 4-5bisphosphate — o ‘
o=p— O OH
\ 0" H 0
= Phospholipase C breaks the bond with OH
red arrow. H OH
= Affer breakdown, inositol 4-5bisphosphate 0-pP-0-
Takes phosphate group (PO4) vyi’rh red L 0
arrow becoming Inositol 1,4,5 triphosphate. Phosphatidstinasitol 4,5-bispHosphats
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The extracellular domain contains
the binding site for a ligand
(a hormone or neurotransmitter).

Intracellular domain
that interacts with
G-proteins

Seven trans-
membrane
helices

This is called seven pass receptor because it crosses cell membrane
seven times.

It has an extracellular domain receives signals and intracellular
domain which holds G- PROTEIN

435 Biochemistry Team
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Hormone binds
to a specific
receplor.

w-Subunit of Gg
protein dissociates
and activates

phospholipase C.

® < Hormone

5

Active phospholipase C
cleaves phosphatidyl-

inositol 4 5-bisphospate
to inositol trisphosphate
(IP3) and diacylglycerol.

Calcium and
diacylglycerol
activate protein
kinase C,

|
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Gg protein

Occupied

p. 3

receplor releases S
interacls GDP and Inositol 1.4,5-
with Gg binds GTP. trisphosphate (lPa)

protein.

1IP; binds 1o a specific receptlor
on the endoplasmic reticulum,
causing release of sequestered Ca**.

Ca++

sphoryated pmtmns

\3@

7

INTRACELLULAR
EFFECTS

Protein kinase C
catalyzes phosphorylation
of cellular proteins that

mediate cellular response
to the hormone.
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B CALCIUM/PHOSPHATIDYLINOSITOL SYSTEM

1. Hormone or neurotransmitter (acetylcholine and anti-diuretic hormone) binds to g-protein

coupled receptor.
2&3. Receptor Interacts with G-protein Which releases GDP and binds with GTP.
4. Alpha subunit dissociates (J=si) from beta and gamma subunits, and activates Phospholipase C.

5. Phospholipase C break phosphatidyl inositol 4-Sbisphosphate into Diacylglycerol and Inositol 1,4,5

triphosphate (Jbasi¥l (s 4alull 7 183 ) ga (10 SXI)

6. Inositol 1,4,5 triphosphate (IP3) has Receptors on ER. ER stores Calcium Which released to the

cytoplasm when IP3 binds.
/. Calcium and Diacylglycerol activate protein kinase C (C because needs calcium)

8. Protein kinase C catalyze protein phosphorylation. These proteins will give the response of the

hormone or neurotransmitter. (hormone or neurotransmitter el s g adall Jsy)

8y sall A Lle aa ) Cpany 3 shaall T 815 ) saall (uii 4 o < shadl

= Diacylglycerol and Inositol 1,4,5 triphosphate are secondary messengers.
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ADENYLYLE CYGLASE

CALGIUM/PHOSPHATIDYLINOSITOL

Adenylyle cyclase system

Calcium/Phosphatidylinositol System

Enzyme Adenylyle cyclase Phospholipase C
Secondary CAMP Diacylglycerol (DAG) &
messenger Inositol 1,4,5 triphosphate (IP3)
Protein Protein kinase A Protein kinase C
-hormones or neurotransmitters
signal | &0, Cluedgen & Epineplinie) Acetylcholine & Anti-diuretic Hormone

- Toxins
( e.9. cholera and pertussis toxins)
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: SIGNAL AMPLIFICATION

= Signal amplification means that the process 0
, . . CAMP & Signal Amplification
= doesn’'t occurin 1:1 ratio for example:
= | adenylyl cyclase generates 10 or 100 cAMP ; @ Eock ki 48
= cAMP activates 1000 protein kinases g s
e e CAMP/ 1\CAMP molecules
= Protein Kinase phosphorylates a lot of CAVP CAVP
cAMPcAMPcAMP ;
CAMP molecules
= fargets. . .
J ! ;‘(’L‘“‘E’e :h Kg;"fh Amplfication
.o . . oA phosphorylates
J;\j d:u.u JA‘} a ddg dc\s.d\ LJ.GL&.A.\J e many kinages
il g Yewn JaE Yo Yo dadaslg Proteinl(inoses“///l\\ Protein Kinases
Protein Kinases Profein Kinases A
Protein Kinases  Profein Kinases Amplfication
Protein Kinases Each kinases
“// \\“ phosphorylates more
” l fargets (including kinases) ——
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Cell signaling allows
= Signal transmission and amplification
= Regulation of metabolism

= Intercellular communications & coordination of complex biologic
functions

i Important Notes :
- Phosphorylation doesn’t mean acftivation, certain enzymes are activated by
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videos:

- G Protein Coupled Receptors (very recommended video)
https://www.youtube.com/watch?v=ZBSo GFN3qgl

- Signal Transduction Pathways:
https://www.youtube.com/watch?v=qOVkedxDgQo

- Cell Signaling Pathways part 1.
https://www.youtube.com/watch?v=U8j6rveCCvo

- Cell Signaling Pathways part 2:
https://www.youtube.com/watch?v=ft0Yplpgx2c
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Q1. The functions of signaling process is : recognition of signaland Q6. The function of Glycogen phosphorylase is

transduction only: 1) Stimulation of glycogenolysis
1) True 2) In_h|b|t|o_n of glycogene3|s_
2) False 3) Stimulation of glycogenesis

4)  Formation of first messenger
Q2. Change of external signal into intracellular message with

amplification and formation of : Q7. which one of the following is the inactive form of G-protein?
3) Third messenger _ _ o
4)  Fourth messenger Q8. When the blood glucose in our body is low, the condition is named
Q3. Ligand will produce response with any receptor : 1) Hepatocyte
1) True 2) glycogenolysis
2) False 3) Hyperglycemia
4) Hypoglycemia
Q4. Different Responses to the Same Signaling Molecule occur only _ o
different cells Q9. When glycogen synthase is phosphorylated the glycogenesis is
1) True inhibited?
2) False 1) True
2) False
Q5. The Second messenger is :
1) ATP Q10. Adenylyl cyclase convert :
2) GTP 1) ATPtocAMP
3) CcAMP 2) CAMPto ATP
4) GDP

435 Biochemistry Team
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Answers

Q1-2
Q2-2
Q3-2
Q4-2
Q5-3
Q6-1
Q7-2
Q8-4
Q9-1
Q10-1
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