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v Acquire the knowledge for general consequence of
hormone-receptor interaction.

v'Understand different mechanisms of action of hormones.

v'Recognize the biomedical importance due to disturbance in
the normal mechanisms of hormonal action.




e BACKGROUND:

Multicellular organisms depend in their survival on their adaptation to a constantly changing environment.
Intercellular communication is necessary for this adaptation to take place

Human body synthesizes many hormones that can act specifically on different cells of the body.

More than one hormone can affect a given cell type

Hormones can exert many different effects in one cell or in different cells.

A target is: any cell in which the hormone (ligand) binds to its receptor.
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BIOMEDICAL IMPORTANCE OF HORMONES:

“» Excessive (e.g., hyperthyroidism, Cushing “cortisol” ), deficient (e.g., hypothyroidism, Addison “cortisol &
aldosterone”), or inappropriate secretion (e.g., syndrome of inappropriate secretion of ADH “SIADH”) of

hormones are major causes of diseases.
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** Pharmacological treatment of these diseases depends on:
® Replacement of deficient hormone (hypo-)

® Drugs that interfere with the mechanism of action of the hormones (hyper- or inappropriate).
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D--- FACTORS DETERMINING THE RESPONSE OF A
TARGET CELL TO A HORMONE

The rate of synthesis & secretion of the hormones

The conversion of inactive forms of the hormone into the fully active form

The rate of hormone clearance from plasma (half-life & excretion)

The number, relative activity, and state of occupancy of the specific receptors

Post-receptor factors
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9~ GENERAL FEATURES OF HORMONE CLASSES:

Stimulus

v

Hormone
release

v

Recognition

v

Signal
generation

Stimulus
Group I hormones Group II hormones
Hormone/receptor binding
at the target cells

Hormone-receptor

v

Effects

complex Second ressengers
L | v { L L
Gene Transporters, Protein Protein
transcription channels translocation Modification

Coordinated response to stimulus
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D= GENERAL FEATURES OF HORMONE CLASSES:

Group | Group Il
Types e Steroids * Polypeptides
e Thyroid Hs (T3 & T4) * Glycoproteins
e Calcitriol, retinoids * Catecholamines
Solubility Lipophilic Hydrophilic.
Transport Yes No
proteins
Plasma half- Long (hours — days) Short (minutes)
life They’re usually bound to proteins el din jo gd i) gandl i (G g A LAY S
Receptor Intracellular Plasma membrane
Mediator \ Receptor-hormone complex cAMP, cGMP, Ca?*, metabolites of complex
signal phosphoinositols, tyrosine kinase cascades
recognition
Effects 1-Gene transcription. 1-Gene transcription

2-Transporters, channels.

2-Transporters, channels
3-Protein translocation
4-Protein Modification
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})iochwinrﬂesm Classification of Hormones by Mechanism of Action

\ A

Hormones that bind to intracellular Hormones that bind to cell
receptors (Steroid-Thyroid superfamily): surface receptors
I

** Mechanism:

** Examples:
» Steroid Hormones:
* Glucocorticoids
* Mineralocorticoids
* Sex hormones:
v' Male sex hormones: Androgens
v" Female sex hormones: Estrogens &

|

| 1- Steroid hormones diffuse across the plasma

| membrane of its target cell.

: 2- Binds to a specific “Cytosolic like steroid

| hormones” or “Nuclear like thyroid hormone”

| receptor and forms “Receptor ligand complex”.

| 3- That complex accumulates, dimerizes, and
Progestins | binds to hormone response element (HRE) “a

|

|

|

|

|

|

|

|

|

specific regulatory DNA sequence” in association
with either coactivator or corepressor.

4- This cause promotor activation\inhibition and
increased\decreased transcription of the
targeted gene depending on the hormone.

Y

Thyroid Hormones (T3 & T4)
> Active form of vitamin D, 1,25[OH]2-D3

» Retinoic acid: A metabolite of vitamin A (retinol)
that is required for growth and development .

All types of group 1 enter the cell passively except
T3 & T4, they enter the cell actively (need ATP).

The action of this group usually is on the gene level
' (sometimes on the protein level).




})iochemiweam Classification of Hormones by Mechanism of Action

\ \
Hormones that bind to intracellular Hormones that bind to cell surface
receptors (Steroid-Thyroid superfamily): receptors
A. The second messenger is CAMP
. _ _‘ cAMP  —
< Examples: |+ Mechanism:
| Unoccupied L?t%e(p;torrc:’?gﬁl a g:::giae:drﬁ::tzegzzsca?&ggs B giggg;:& :ffg?n Pléotae'i:’
v . | : ok ’ subunit of G, protein. G protein activates adennyIchclase.
Catecholamines (az- Exfa- 4 “s<}Hormone or neuro- releases GDP and binds GTP. i
. | ellular transmitter Active
Adrenergic) | spqe f - el Y » adenylyl cGMP
5l L) U)SJI i | f
v’ Catecholamines ([3- ‘
Adrenergic) | »
v' Ant. Pituitary: : arp” BN adenyiyl ;zsu:::izrl
ACTH, FSH, LH & TSH oiBo 3- GTP-bound form of > inzsitol |
v" ADH (Renal V2-receptor). : the alpha subunit (or both)
v' Calcitonin & PTH | 1-Binding of ligand 2- Replacement of of d|;sczC|ateds from the
conformational change protein “a subunit” with P tyrosine
| . GTP adenylyl cyclase “AC”, [Eo—
n Second Messenger | In the receptor. : which is thereby —
system : cCAMP | St



https://www.youtube.com/watch?v=Y2er_Dfgg44
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Classification of Hormones by Mechanism of Action

\

Hormones that bind to intracellular
receptors (Steroid-Thyroid superfamily):

A

Hormones that bind to cell surface

receptors

** Mechanism:

Regulatory —» @B«Catalytic
subunits subunits

cAMP-dependent protein kinase A
Adenylyl

It
ATP 225 cAMP ()

Active catalytic unit
of protein kinase

0

Protein
substrate

Phosphorylaled
protein
H,0
Protein
phosphatase

INTRACELLULAR
EFFECTS

Dephosphorylated
protein

4- Activities of cAMP:
A. cAMP activates protein
kinase A by binding to its
regulatory subunits causing
the release of 2 active
catalytic subunits.

B. Theses active subunits
phosphorylate the protein
substrate by catalyzing the
transfer of phosphate group

from ATP to that protein.

C. Dephosphorylation of
the protein by protein
phosphatase which ensures
that the changes induced by
phosphorylation are not
permanent.

+* Abortion of Hormonal Stimulus

1. Release of hormone from its
receptor (unbound receptor).

2. Dephosphorylation of protein
substrate by phosphatase.

3. Degradation of cAMP into AMP
by phosphodiesterase.

4. Inactivation of protein kinase A
by a decrease of cCAMP.

5. Hydrolysis of GTP into GDP.

6. Binding of a-subunit to By-
subunits.

7. Inactivation of adenylyl cyclase.

rdoes
5 protein,

Unoccupied rece|
not interact with

wllh bound GDP

Extra "<« Hormone or neuro-
cellulgr fransmitter
5| Cell
Gg protein membrane
[ [ 1L

Inactive adenylyl
GDP) cyclase

When hormone is no longer
present, the receptor reverts
to resting state. GTP on the

o subunit is hydro
to GDP, and adenylyl cyclase
is deactivated.

(alpha subunit has an intrinsic GTPase activities

so it can hydrolyze GTP back to GDP)

_‘ cAMP

cGMP

calcium or
phosphatidyl-
inositol
(or both)

tyrosine
kinase
cascade
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Classification of Hormones by Mechanism of Action

\

A

Hormones that bind to intracellular
receptors (Steroid-Thyroid superfamily):

receptors

Hormones that bind to cell surface

B. The second messenger is cGMP

+» Examples: TGF-B

v’ Atrial natriuretic peptide (ANP).

ANP
signal transductipn
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Cell proliferation
MF transformation

4

GC: Gunaylate cyclase

TGF-§

signal transduction

|
|
B SNTIIIII A
v’ Nitric oxide (NO). ‘ g i
. - &,ﬁg, ‘
% Mechanism: | Cytoplasm o |
1. ANP binds to natriuretic peptide receptor (NPR). |
2. DII’?C’E activation of Gunaylate cyclase. | g @ Csmads)
3. Activated GC converts GTP to cGMP. | = x
4. Then cGMP exerts its function. | ma—
. —a
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cAMP

% cGMP

calcium or
phosphatidyl-
inositol
(or both)

tyrosine
kinase
cascade




})iochemmmeam Classification of Hormones by Mechanism of Action

\
Hormones that bind to intracellular

\
Hormones that bind to cell surface

receptors (Steroid-Thyroid superfamily): receptors
C. The second messenger is calcium or phosphatidylinositol (or both)
. cAMP | —
** Examples: |
v Acetylcholine (muscarinic) | 9
v' Catecholamines (al- Adrenergic) | Dlacylglycérlalg(} C|>H2
v Angiotensin I . | (DAG) AMWWA-CG-O- CH f—\ cGMP |
v ADH (vasopressin): Extra-renal V1-receptor. | ('3,_,2 ‘®
There are 3 subtypes of vasopressin receptor (V1,2,3). | Co Phospholipase C
V, 5 phosphatidylinositol/calcium + vasoconstriction effect. | O=l"— O OH
V, sAdenylyl cyclase/cAMP + antidiuretic effect. | 6- H o calcium or
| @ phosphatidyl-|
% Calcium/Phosphatidylinositol (Pl) System: | O Anositol ™ inositol
o Plis synthesized from: | O_IL_:_ o Trisphosphate (or both)
Free inositol + Diacylglycerol -as shown in the figure-. C IP
. : | o- (IP,)
O PhosphOI-lpas-e C-hYdr()lytl-Ca”y cleaves | Phosphatidylinositol 4,5-bisphosphate tyrosine
phosphatidylinositol 4,5-bisphosphate | P y ’ phosp A kinase | —
“phosphorylated form of P1” to: . el

Diacylglycerol (DAG) + Inositol Trisphosphate (IP;).
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Classification of Hormones by Mechanism of Action

\

Hormones that bind to intracellular

A

Hormones that bind to cell surface

receptors (Steroid-Thyroid superfamily): receptors
’:’ M ec h a n i S m : Hormone binds to a o-Subunit of G.q Active phospholipase C Ca2+ and
specific G protein— protein dissociates cleaves phosphatidyl- 7 DAG activate
coupled receptor. and activates inositol 4,5-bisphosphate protein
1. Hormone binds tO G-DI"Otem Coupled — onephospholipasec. ‘ (PIP3) to IP3 and DAG. kinase C. CAMP
receptor. ‘ i L MEMBRANE
. . . Poecsese: OO0 OGO EABBEACEOBOOO!
2&3. Receptor Interacts with G-protein Which °'“V'9'V°e'°N rolein
I d b . d . h Actlvatted / (+) kinase C
receptor
releases GDP and binds with GTP. Trexi B cad cGMP
© Y
Inositol 1,4,5-

and activates Phospholipase C.

5. Phospholipase cleaves phosphatidylinositol

4,5-bisphosphate to DAG and IP3 “as we
mentioned in the previous slide”.

|
|
|
|
|
4. Alpha subunit dissociates from By-subunits, :
|
|
|
|
|

6. IP3 binds to a specific receptor on RER
causing release of Ca. |

7. Calcium and DAG synergistically activate
protein kinase C (C because it requires calcium).

8. Protein kinase C catalyzes protein
phosphorylation.

Occupied
receptor
interacts
with Gg
protein.

trisphosphate (IP3)
G protein releases
GDP and binds GTP.

4
INTRACELLULAR
EFFECTS

IP3 binds to a specific receptor
on the endoplasmic reticulum, @
causing release of sequestered |,

8

Phosphorylated proteins

Ca2+ from IP;-gated channels.
oo
BPBE!
BM

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

| There are 3 types of G protein: |, S, & Q.

| & S types activate cAMP ( like the one we mentioned in slide 9),
while Q activate cGMP ( notice it in the white bubble no. 2 above)

° PIP2 secondary message system

calcium or
phosphatidyl-
inositol
(or both)

tyrosine
kinase
cascade



https://www.youtube.com/watch?v=FvPKbogo2pk

})iochemmmeam Classification of Hormones by Mechanism of Action

\

A

Hormones that bind to intracellular Hormones that bind to cell surface
receptors (Steroid-Thyroid superfamily): receptors
. D. The second messenger is a tyrosine kinase cascade
** Examples: cAMP  |—
v GH & Prolactin | ¢ Insulin receptor:
v" Insulin |
v' Erythropoietin |
. . . . | Insulitn cGMP —
+* Biologic Effects of Insulin: | e
Glucose up take |
I Glycogen synthesis | Tyrosine calcium or
Protein synthesis : Tyrosin phosphatidyl-| |
. ' ' i ' ' ' ' inositol
Fat synthesis | Insulin rgceptor is a dimer that consists of 2 identical units. -
Gl , Each unit has: (or both)
UCONEOEENESIS. : *An alpha-chains: on the outside and create a binding site for
Glycogenolysis. | i*nsulin. | | | rrmEe
DEEEEEE Lipolysis. | A be.ta-.chalns. S-pans.the plasma membrane and its cytosolic kinase |—
. domain is a tyrosine kinase. cascade

+ Altered gene expression

Subunits are bound together by disulfide bond.
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Classification of Hormones by Mechanism of Action

\
Hormones that bind to intracellular
receptors (Steroid-Thyroid superfamily):

A

Hormones that bind to cell surface

receptors

** Mechanism of Insulin action:

Insulin binding activates

receptor tyrosine kinase
insulin - activity in the intracellular ,.é';’e“"t',‘,
domain of the [ subunit {act'l:'\}e)

of the insulin receptor.

A\

Tyrosine residues of
the B subunit are auto-
phosphorylated.

Binding of insulin to the alpha-subunit = conformational changes that are
transmitted to B -subunit = Rapid autophosphorlation of tyrosine residues of
the B -subunits = Then phosphorylation of insulin receptor substrates (IRS)

by tyrosine kinase = Activation of other protein kinases and

phosphatases by IRS = Biological actions of insulin.

u Insulin Signal Transduction Pathway “very helpful’

IRs-tyr—())

Receptor tyrosine kinase
phosphorylates other
proteins, for example,
insulin receptor
substrates (IRS).

)

Activation of multiple
signaling pathways

L1 1
.

Phosphorylated IRS promote
activation of other protein
kinases and phosphatases,
leading to biologic actions

of insulin. l l l

Biologic effects
of insulin:

cAMP

cGMP

calcium or
phosphatidyl-
inositol
(or both)

tyrosine
kinase
cascade



https://www.youtube.com/watch?v=CUXQsAdxuYw

Check your understanding!

1. When ADH binds to its extra renal V1 receptor, its second
messenger will be?

A. CA/phosphatidylininositol (Ca/PIP)

B. cAMP

C. cGMP

D. Tyrosine kinase

2. Which one of the following hormones uses tyrosine kinase
cascade as a second messenger?

A.Prolactin

B.ADH

C.Acetylcholine

3. Which one of the following is a biological effect of insulin?
A. Increase gluconeogenesis

B. Decrease lypolysis

C. Increase glycogenolysis

D. Decrease glucose uptake

4. In CA/phosphatidylininositol system , the function of
diacylglycerol is?

A. To activate protein kinase A

B. To activate protein kinase C

C. To activate protein kinase G

D. To release calcium from endoplasmic reticulum

Ul

COoO®mmPO OO ®P

OO ®» N

'8
~ A. cAMP
B
c

. Which one of the following is hydrophilic?
. Glucocorticoids

Progestin

Epinephrine

. Retinoic acid

In cGMP pathway, protein kinase G activated by:
. Adenylyl cyclase

Phospholipase

Protein kinase A

. Guanaylate cyclase

Which one of the following has the longest plasma half life :
. Thyroxin

Epinephrine

. ADH

. PTH

. The second messenger for atrial natriuretic peptide is :

. cGMP
. Tyrosine kinase

D. Ca
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