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Objectives

Define first messenger (Hormones)

List hormone types

Describe receptor types

Outline the hormone receptors interactions
Describe second messenger mechanism of action

List second messengers

University of Jordan 3



Cilium

th:§ke|ett;)r1|: , " Secretory vesicle NUGLEUS:

icrotubule i L Chromatin
Microfilament \ Nucl?ar

' envelope

Intermediate filament T Nucleolus

Microvilli Glycogen granules
Centrc_>som§: CYTOPLASM
Pericentriolar (cytosol plus
material organelles except
Centrioles the nucleus)
PLASMA
MEMBRANE Rough
endoplasmic
reticulum
Lysosome
Ribosome
Smooth Golgi complex
endoplasmic
reticulum
Peroxisome
Mitochondrion
Kicrotibiile Microfilament

Sectional view

University of Jordan



Channel protein

Extracellular

fluid
Glycoprotein:
Carbohydrate
Protein

Lipid
bilayer

Glycolipid:
Carbohydrate

Phospholipids:

Polar head

(hydrophilic) Integral (transmembrane) proteins

Fatty acid

tails

(hydrophobic) : .

—— Peripheral protein
o)

(hydrophilic)

Cholesterol

University of Jordan 5



|| Extracellular fluid Plasma membrane

] Cytosol

lon channel

Allows specific ion

(©) to move through
water-filled pore. Most
plasma membranes include
specific channels for
several common ions.

Transporter

Transports specific
substances () across
membrane by changing
shape. For example, amino
acids, needed to synthesize
new proteins, enter body
cells via transporters.

Receptor

Recognizes specific ligand
() and alters cell's
function in some way.

For example, antidiuretic
hormone binds to receptors
in the kidneys and changes
the water permeability of
certain plasma membranes.

|| Extracellular fluid
Substrate

Plasma membrane

[] Cytosol

Enzyme

Catalyzes reaction inside or
outside cell (depending on
which direction the active
site faces). For example,
lactase protruding from
epithelial cells lining your
small intestine splits the
disaccharide lactose in the
milk you drink.

Cell Identity Marker
Distinguishes your cells
from anyone else's (unless
you are an identical twin).
An important class of such
markers are the major
histocompatability

(MHC) proteins.
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Linker

Anchors filaments inside
and outside to the plasma
membrane, providing
structural stability and shape
for the cell. May also
participate in movement

of the cell or link

two cells together.
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Intercellular Communication
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Endocrine Glands and Hormones

Neurohormone:

0 Specialized neurons that secrete chemicals into the blood
rather than synaptic cleft.

Chemical secreted 1s called neurohormone.
Hormones:

0 Affect metabolism of target organs.

Help regulate total body metabolism, growth, and
reproduction.
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Classes of Hormones

* Peptide and Protein Hormones (amino acid
chain)

* Steroid Hormones (derived from chlesterol)

* Amine Hormones (derived from amino acid
e.g tyrosin)

*Gas — Nitric Oxide (NO)

University of Jordan
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Hormone types

0 Circulating — circulate in blood throughout
body

0 Local hormones — act locally
Paracrine — act on neighboring cells

Autocrine — act on the same cell that
secreted them

University of Jordan
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Chemical classes of hormones

Lipid-soluble hormones- use transport proteins in the
plasma

Steroid: Lipids derived from cholesterol.
a Are lipophilic hormones.
Testosterone.
Estradiol.
Cortisol.
Progesterone.

Thyroid ( amine but lipid soluble)
Nitric oxide (NO)

University of Jordan
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Chemical classes of hormones ...cont

Water-soluble — circulate in “free” form in the plasma
] Amines:

Hormones derived from tyrosine and tryptophan.
J Polypeptides and proteins:

Polypeptides:

2 Chains of < 100 amino acids 1n length.
ADH.

Protein hormones:

2 Polypeptide chains with > 100 amino acids.
2 Growth hormone.

JEicosanoid (prostaglandins) derived from
arachidonic acid (20 carbon 4 double bonds)
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Chemical Classification of Hormones ...cont

Glycoproteins:

o Long polypeptides (>100) bound to 1 or more carbohydrate
(CHO) groups.

FSH and LH, TSH and hCG (human chorionic
gonadotropin)

They have a and B subunits (o 1s common and [ 1s
specific)
Hormones can also be divided into:
o Polar:
H,0 soluble.
o Nonpolar (lipophilic):
H,0 msoluble.
0 Can gain entry into target cells.
a Steroid hormones and T, (thyrxine —tetraiodothyronine))
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Prohormones and Prehormones

Prohormone:

o Precursor 1s a longer chained polypeptide that is cut
and spliced together to make the hormone.

Proinsulin — gives insulin

Preprohormone:

a0 Prohormone derived from larger precursor molecule.
Preproinsulin.

Prehormone:

o Molecules secreted by endocrine glands that are
mactive until changed into hormones by target cells.

T, converted to T, (tri-iodothyronin).
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Peptide & Protein Hormones

Gland/Tissue
Hypothalamus

Anterior pituitary

Posterior pituitary

Thyroid

Pancreas

Liver

Parathyroid

Hormones Gland/Tissue
= TRH, GnRH, CRH Placenta
GHRH, Somatostatin,

= ACTH, TSH, FSH, LH, Kidney
PRL, GH

= Oxytocin, ADH Heart

» Calcitonin G.I. tract

= Insulin,Glucagon,

Somatostatin
= Somatomedin C (IGF-1) Adipocyte
= PTH Adrenal medulla

Hormones
= HCG, HCS or HPL

= Renin

= ANP

= Gastrin, CCK,
Secretin, GIP,

Somatostatin

= Leptin

= Norepinephrine,
epinephrine
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Synthesis and secretion of peptide hormones
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Amine Hormones

Gland/Tissue

Hypothalamus

Thyroid

Adrenal medulla

Hormones

= Dopamine

| T3, T4

sEpinephrine and
Norepinephrine
(NE, EPI)
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Synthesis of Amine Hormones

. Tyrosine
tyrosine
hydroxylase

L-Dopa

dopa decarboxylase /
Dopaminergic .
Neurons Dopamlne

Adrenergic
Neurons

dopamine [3 -
hydroxylase

Norepinephrine

phenylethanolamine-
N-methyltransferase

Epinephrine

Adrenal Glands

Thyroid Hormones
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Steroid Hormones

Gland/Tissue Hormones

Adrenal Cortex Cortisol, Aldosterone,
Androgens
Testes Testosterone
Ovaries Estrogens, Progesterone
Corpus Luteum Estrogens, Progesterone
Placenta Estrogens, Progesterone
Kidney 1,25-Dihydroxycholecalciferol
(calcitriol)
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Hormone Activity

Hormones affect only specific target tissues with
specific receptors

Receptors are dynamic and constantly synthesized
and broken down

o Down-regulation- decrease in receptor number or
esponse

o Up-regulation- increase in receptor number or activity
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Effects of [Hormone] on Tissue Response

Priming effect (upregulation):
0 Increase number of receptors formed on target cells in
response to particular hormone.

o Greater response by the target cell.
Desensitization (downregulation):
o Prolonged exposure to high [polypeptide hormone].

Subsequent exposure to the same [hormone]
produces less response.

0 Decrease in number of receptors on target cells.
Insulin 1n adipose cells.

o Pulsatile secretion may prevent downregulation.
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Effects of hormone concentration on
Tissue Response

|[Hormone] 1n blood reflects the rate of secretion.

Half-life:

0 Time required for the blood [hormone] to be reduced to
4 reference level.

Minutes to days.

Normal tissue responses are produced only when
[hormone] are present within physiological range.

Varying [hormone] within normal, physiological range
can affect the responsiveness of target cells.
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Receptors for many
peptide hormones,
growth factors, and
amino acid-derived
hormones(catecholamines)
HYPOTHETICAL TARGET CELL

Other steroid
hormones
and their
specific
receptors

*

Nucleus

\
DOOOOOI

Nuclear thyroid

hormone-receptor complex
Cell membrane

Cytoplasm

Hormone

Specific unliganded
steroid (glucocorticoid)
hormone receptor

G

. Diagram showing the different locations of classes of hormone receptors expressed by a target cell.

Textbook of Biochemistry With Clinical Correlations, Sixth Edition, Edited by Thomas M. Devlin. Copyright © 2006 John Wiley & Sons, Inc.



Receptor in cytosol

Receptor

Lipophilic & in nucleus

signal <
molecules

.

Lipophobic or
lipophilic
signal §
molecule

Receptor on surface
of cell membrane
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Mechanisms of Hormone Action

Hormones of same chemical class have similar mechanisms
of action.

o Similarities include:

Location of cellular receptor proteins depends on the
chemical nature of the hormone.

Events that occur in the target cells.
To respond to a hormone:

o Target cell must have specific receptors for that hormone
(specificity).

Hormones exhibit:
0 Affinity (bind to receptors with high bond strength).
Q Saturation (low capacity of receptors).
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Mechanisms of Hormone Action

¢ Response depends on both hormone and target cell

¢ Lipid-soluble hormones bind to receptors inside target
cells

< Water-soluble hormones bind to receptors on the plasma
membrane

¢ Activates second messenger system

¢ Amplification of original small signal
¢ Responsiveness of target cell depends on

¢ Hormone’s concentration

% Abundance of target cell receptors

University of Jordan 33



Receptor

Receptors are specific membrane proteins,
which are able to recognize and bind to
corresponding ligand molecules, become

activated, and transduce signal to next signaling
molecules.

Glycoprotein or Lipoprotein
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ligand

A small molecule that binds specifically
to a larger one; for example, a hormone is
the ligand for its specific protein receptor.

University of Jordan
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Membrane receptors

Membrane Glycoprotein
Intracellular receptors

Cytosol or nuclei

DNA binding protein
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1. membrane receptors

1- Ligand-gate ion channels type
(cyclic receptor)

ligand—receptor—ion channel open or close
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2 Acetylcholine

Closed
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2- G Protein-Coupled Receptors

I- 7-helices transmembrane receptor
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2) G protein (Guanylate binding
protein)

G protein refers to any protein which binds to GDP or
GTP and act as signal transduction.

G proteins consist of three different subunits (o, B3, v-
subunit) bound to GDP when exchanged to GTP
activate a-subunit

a.-subunit carries GTPase activity, binding and
hydrolysis of GTP.
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GTP

Pi G-GDP Catalyzed by
Inactive state excited
receptor
H,0 (RH or R")
GDP

Active state Gﬁv
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- Pathway of G protein linked receptor

H— R — G protein — Es

|

secondary messeger

!

Protein kinase

Phophorylation of Es or functional protein

}
Biological effect
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Properties of binding of H and R

high specificity
high affinity
saturation
reversible binding

special function model
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Receptor Types

Channel-linked receptors
0 Ionotropic

Enzyme-linked receptors
o Protein kinases = phosphorylation
o Neurotrophins

G-protein-coupled receptors
0 Metabotropic

Intracellular receptors
o Activation by cell-permeant signals ~

University of Jordan
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