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(a) Exocrine glands
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(b) Neurosecretory cell

Capillary

(c) Simple endocrine cell
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Hypothalamus
Releasing hormones:
GHR?-I. CRH, Pituitary gland
TRH, GnRH Growth hormone,
Inhibitory hormones: Agﬁ:ach}:gH
somatostatin, ey i
dopamine, H, FSH, & LH
vasopressin,
oxytocin
Thyroid gland Parathyroid glands

T3, T4, & calcitonin Parathyroid hormone

Adrenal glands
Cortisol

Aldosterone ™
Adrenal androgens
Epinephr!np Pancreas
Norepinephrine Insulin
Glucagon
Somatostatin

Ovaries
Estrogens
Progesterone
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Endocrine cell Endocrine cell
Free
Secreted hormone

Secreted by diffusion (<1%)

by
exocytosis

Blood

vessel

%ound to carrier
__proteins (>99%)

XPDissolved
messenger

(a) Hydrophilic messenger (b) Hydrophobic messenger
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A RECEPTOR
GUANYLYL B RECEPTOR SERINE/
CYCLASES THREONINE KINASES C RECEPTOR TYROSINE KINASES (RTKs) Extracellular
Extracellular signal
space ) Ligand molecules
e G protein-
l coupled receptor

G protein

Guanylyl cyclase < Thisis the Kinase
domains Type Il Kinase that domains ) Ligand binding to a G protein-
Cytosol anp TGF-p phosphorylates | NGF INSULIN coupled receptor opens an ion
RECEPTOR RECEPTOR :,‘}:'ﬂ":,:e"“ RECEPTOR RECEPTOR channel or alters enzyme activity.
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. Light, odors, tastes
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glucagon etc.
inactive active
GTP
Effector molecules
Examples:
Adenylyl cyclase Adenylyl cyclase
cGMP - Phospholipase A2
phosphodiesterase K oHinniels ()
K Phospholipase C
Phospholip Cp  p-ad i
receptor kinase

sl jiSa




L5 -G gl 5l

Peptide and protein:

Glucagon, Angiotensin, GnRH, SS,
/ GHRH, FSH, LH, TSH, ACTH
Amino acid derived:

Epinephrine, norepinephrine

lon channels,

7 PIKy, PLC-B,
c denylate cycl
L [Biological responses]
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eI GTP GTP V. Gene expression
Adenylate PLC-B Adenylate RhoGEFs / regulation

cyclase DAG cyclase Rho “~~— ’ P)
| cAMP Catt t CAMP
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/ Transcription
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Nucleus
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One signal Signal molecule binds to

Gprotein- < molecule G protein-linked receptor,
coupled which activates the G protein.
P Adenylyl
receptor

cyclase

G protein turns on adenylyl
il cyclase, an amplifier enzyme.

G protein Adenylyl cyclase converts
ATP to cyclic AMP.

OO O—cAvWP
l l lO CAMP activates protein
Protein kinase A.
kinaseA @ @ O
e Protein kinase A phosphorylates
other proteins, leading ultimately
to a cellular response.
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Ligand binding causes The activated GTP-Ras
receptor dimerization, recruits Raf-1 and activates it. | | MEK phosphorylates
and activates MAPK.

Raf-1 phosphorylates
and activates MEK.

SOS activates Ras by causing
GTP to replace GDP on Ras.

9
MAPK works as an
important effector molecule
by phosphorylating many

cellular proteins.

The activated RTK
phosphorylates itself.

GRB2, an SH2-containing
protein, recognizes the The binding of
phosphotyrosine residues. | | GRB2 recruits SOS.

MAPK translocates to the nucleus where
it phosphorylates a transcription factor.
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| Ligand  AF2| AF2 3+ C

: variable linker domain E : ligand-binding domain

A/B : N-terminal variable region; C : DNA-binding domain
D
F : variable C-terminal domain AF: transactivation region
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Transactivation  DNA-binding Nuclear-  Hormone-  Transactivation
domain 1 and dimerization localization binding domain 2
(amino terminal) domain domain domain

Retinoic acid
receptor

AB C D E

Vitamin Dy
receptor

TRy | Thyroid
hormone
T4R, | receptor

Glucocorticoid
receptor

Mineralocorticoid

receptor

Estrogen
receptor

Progesterone
receptor

C <15% [0%] [
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s N M Steroid receptors are Zn-finger
4 S ?}( ‘ﬁ containing transcription factors
X ({3’ L that recognize specific DNA
wC /C
VS o v/ \? N sequences termed hormone
A/ \(,/G 4 /\ A response elements (HRE)
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Transeription DNA binding Hormene binding
activation (66-68 residues, {variable sequence
ivariable sequence highly and length)
and length) conserved)
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Thyroid hormone
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A TRANSCRIPTIONAL ACTIVATION B TRANSCRIPTIONAL ACTIVATION
BY GLUCOCORTICOID HORMONE BY THYROID HORMONE
Carrier-
mediated
transporter
= _-Gl space Thyroid——_o ®

hormone hormone

"
Hormone may bind to
a receptor before or
after dimerization.
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response element transcription response transcription saeal ji€a
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Hormonal control of hormone release

* Hormone made by gland 1 stimulates
production of hormone from gland 2

* Hormone 2 suppresses production
of hormone 1

T Hormone 1 —l
(o

T Hormone 2
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Releasing factor Tropic hormone

+
" Target ™
~ organ

T Target
organ
hormone
a = Long loop
b = Short loop
¢ = Ultra-short loop
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Nutrient control of hormone release

* Glucose/insulin:glucagon
* Ca*™*/PTH:calcitonin

T Hormone

1 Product @ Target
cell

T Product
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