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GENERAL MECHANISMS OF HORMONE ACTIONS

RED COLOR = IMPORTANT

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

Factors determining the response of a target cell to a hormone:

e The rate of synthesis & secretion of the hormones
e The conversion of inactive forms of the hormone into the fully active forms

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

e The number, relative activity, and state of occupancy of the specific
receptors
e Post-receptor factors.
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General Features of Hormone Clas

: [ :
Coordinated response to stimulus

Group | Group |l

Types Steroids Polypeptides
Thyroid Hormones: (T3 & T4) | Glycoproteins
Calcitriol, retinoids Catecholamines
Solubility Lipophilic Hydrophilic
Transport proteins | Yes No
Plasma half-life Long (hours — days) Short (minutes)
Receptor Intracellular Plasma membrane
Mediator Receptor-hormone complex cAMP, cGMP, Ca**,
metabolites of complex phosphoinositols,
tyrosine kinase cascades

Classification of Hormones by Mechanism of Action:

Steroid-Thyroid superfamily

e Steroid hormones

e Thyroid Hormones (T3 & T,4)

e Calcitriol (active form of vitamin D, 1,25[0OH],-Ds)
* Retinoic acid

1. cAMP | 2. cGMP

e Atrial natriuretic
peptide (ANP)

¢ Catecholamines

Adrenergic receptors
* Angiotensin II

* Nitric oxide (NO) )
* ADH (vasopressin):

3. calcium or phosphatidylinositol (or both)

* Acetylcholine (muscarinic)

renal Vi-receptor

4. tyrosine kinase
cascade

OG- * GH & Prolactin
e Insulin
* Erythropoietin
Extra-

* Catecholamines

* Ant. Pituitary: ACTH, FSH, LH & TSH ¢ ADH (Renal Vz-receptor) ¢ Calcitonin & PTH ¢ Glucagon

o2 and BAdrenergic receptors
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Group |. Hormones that bind to b i

intracellular receptors: " « 50
Mechanism of Action of Steroid-Thyroid Hormones ‘

Steroid Hormones:
e Glucocorticoids

e Mineralocorticoids
e Sex hormones:
Male sex hormones: Androgens
Female sex: hormones: Estrogens & Progestins

Thyroid Hormones (T3 & T,)
Calcitriol (1,25[OH],-Ds)
Retinoic acid

Kﬁ Receptor is either in cytosol or nucleus.
% Receptor is either Protein or Glycoprotein.

% The hormone pass the cell membrane easily and bind to its receptor to form the
hormone receptor complex (Active form). Then, it passes into the nucleus to bind
to the hormone receptor elements, which are elements on the DNA at the
promoter region (the site of activate the GENE TRANSCRIPTION.

% |f the hormone binds to enhancer sequence = stimulation of Gene expression.

“ If the hormone binds to silencer sequence =»repression of Gene expression. /

Group Il. Hormones that bind to cell surface receptors:

A. The second messenger is CAMP
* Glucagon

* Catecholamines (p- Adrenergic)
* ADH (Renal V2-receptor

Cascade for formation of cAMP by cell-surface hormones:
mm:pl.d r.e-aorao.. - Wm- :swuma_a‘a-g;wn_
£ _ _ : - & .%-.Pmuhnmm adenylyl cyclase.
cellular ) Hormone or neuro- llidb GTP
space :




Actions of cAMP:

* hormone attaches to its specific receptor on the cell surface, this
activates the G-protein subunit to release GDP and attach GTP, and
a subunit of the G-protein dissociates and activates adenylyl
cyclase.

 Activated adenyly cyclase converts ATP to cAMP, which acts as the
second messenger.

* Inactive cAMP-dependent protein kinase A (PKA) is formed of a
complex two regulatory and two catalytic subunits. The binding of
cAMP to the regulatory subunits of PKA changes its conformation
and detaches the catalytic (now active) subunits. the active catalytic
subunits phosphorylate target proteins substrates to either activate
or inhibit them depending on the protein.

How to inhibit the actions of cAMP:

. giving* Phosphodiesterase to convert cAMP to AMP to block the
effect of PKA activation.

» giving”™ Phosphatase to dephosphorylate whatever the catalytic
units phosphorylated

» giving GTPase to convert GTP to GDP to block the activation of
adenylyl cyclase.

Abortion of Hormonal Stimulus :

Regulatory —->a —«—Catalytic
subunits subunits

cAMP-dependent protein kinase
Adenylyl
ATP 298525, CAMP (o)) ——> AMP

o Active catalytic unit
Protein pLOMEE e Phosphorylated
substrate protein
H,0
Protein J¢
phosphatase
INTRACELLULAR Dephosphorylated
EFFECTS protein

e Release of hormone from its receptor (unbound receptor)
e Dephosphorylation of protein substrate by phosphatase

e Degradation of cAMP into AMP by phosphodiesteras

e Inactivation of protein kinase A by a decrease of cCAMP

e Hydrolysis of GTP into GDP

¢ Binding of a-subunit to By-subunits

e Inactivation of adenylyl cyclase
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Group ll. Hormones that bind to cell surface receptors:

B. The second messenger is CGMP  Circulation Research  February 1, 2008

The activated enzyme is

guanylate cyclase
For Example: ANP and NO

GC:CW/ { Simeed setheay

In this case, NO or ANP binds £0 e unavlate ceclase == (2| homea

the surface receptor and v v i & \ Tsmadi)
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activates guanylate cyclase
which converts GTP to cGMP =» the second messenger.

Group ll. Hormones that bind to cell surface receptors:

C. The second messenger is calcium or phosphatidylinositol (or both)

(o]
e Catecholamines (al-Adrenergic) . MWWWAE-o-cH,
Diacylglycerol o
(DAG) MWWAC-0-cH
CH, -(® .
* ADH (vasopressin): Extra-renal V1-receptor il 2 ¢ C

Inositol Trisphosphate

o=p——O OH
6' H O
Calcium/Phosphatidylinositol System: ; ;

OH
(IP,) o-p-0-
o
2 mediators: Diacylglycerol + IP3 that will realease Ca*2 Phosphatidylinositol 4,5-bisphosphate

Note that in here it's called Protein Kinase C. . o - _
Phospholipase C : acts on lipids. Protein kinase C : acts on proteins.

Hormone binds n w-Subunit of Gg [[J Active phospholipase C Calcium and
to a specific protein dissociates cleaves phosphatidyl- diacylglycerol
S and activates inositol 4 5-bisphospate activate protein
phospholipase C. to inositol trisphosphate | kinase C,
i (IP3) and diacylglycerol. |

) "_!I'.‘ DOOC0 D-'-ll OO X TEmBSEE UEEN _x‘_ l'-. SeesrsES AU EeSED BEEERS RS

TP el memerane 10

a _! ll ". , : : : . S ‘lllﬂll‘ -ﬂ' Erw X000 OO0 -‘-‘-’-‘-v l

releases

GDP and Inositol 1.4,5-

binds GTP. trisphosphate (IP;) N

Phosphorylated proteins

1P binds 1o a specific receptor
on the endoplasmic reticulum,
causing release of sequestered Ca**.

Protein kinase C
catalyzes phosphorylation
of cellular proteins that

mediate cellular response
to the hormone.




Il. Hormones that bind to cell surface receptors

D. The second messenger is a tyrosine kinase cascade

* Growth hormone and prolactin

* Insulin ]
IRS-tyr—iZ)

3 Aeceptor fyrosine Minase
phosphorylates othar

Mechanism of Insulin action Drobetne, for examgle.

lma-l.ﬂln recepbor
substrates (IRSsh.

]

Activalion of m-ullip-l-u
signaling pathways

* Erythropoietin

4 Phosphorylated IRS promotes
actvation of olthar protain

kKinasss and phosphalasses,

keading to biclogic acticons

of Invaubin.

Bioclogic effects
of insulin:

1 Insulin binding aclivates
receptor tyrosine kinase
activity in the intracellular
domain of the i subunit
of the insulin receptor,

—]

2 Tyrosine residues of
the [+ subunit are auto-
phosphorylated,

Biologic Effects of Insulin

§ f Glucose uptake ~'. Gluconeogenesis
Glycogen 4
1 L - l. Glycogenslysis
synthesis Altered gene
t Fal synbhesis ”l Lipolysis [ eXpression ]

Biomedical Importance

Excessive (e.g., hyperthyroidism, Cushing), deficient (e.g., hypothyroidism,
Addison), or inappropriate secretion (e.g., syndrome of inappropriate secretion
of ADH “SIADH”) of hormones are major causes of diseases

Pharmacological treatment of these diseases depends on replacement of
deficient hormone (hypo-) or use of drugs that interfere with the mechanism of
action of the hormones (hyper- or inappropriate)




Questions:

1. Hormone that binds to a cell surface receptor and requires the second
messenger camp is :

(A) Antidiuretic hormone
(B) Cholecystokinin
(C) Calcitriol

(D) Gastrin

2. All the following statements about steroid hormones are true except
(A) They are hydrophobic

(B) They require carriers to transport them in circulation

(C) Their receptors are intracellular

(D) They require cyclic AMP as second messenger

3. Glycogenoloysis is decreased by

(A) Glucagon (B) Insulin (C) Epinephrine (D) cAMP

4. G-proteins act as

(A) Hormone carriers
(B) Hormone receptors
(C) Second messengers

(D) Signal transducers

1-A 2-D 3-B 4-D




