


Intracellular Signaling
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Lecture objectives:

< Be familiar with ionic channels.

<+ Describe how second messengers ( CAMP, cGMP,
etc) regulate and amplify signal transduction.

< Describe how intracellular calcium
concentration is regulated and used in
intracellular signal transduction.
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< All the neurotransmitter substances, such as Ach and NE, ~ i
combine with receptors in the postsynaptic membrane.

"

% This combination usually causes a change in the structure
of the receptor, resulting in opening or closing a channel

for one or more ions (such as channels fCII" Na K*, and
Caz+) P

<+ Few neurohormones and hormones exert their actions
through activation of ion channel receptors, most
hormones that open or close ions channels do this
indirectly by coupling with G protein-linked or enzyme-
linked receptors.
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G Protein-Linked Hormone Receptors:

<+ Many hormones activate receptors that indirectly regulate the
activity of target proteins (e.g., enzymes or ion channels) by
coupling with groups of cell membrane proteins called G
proteins (guanine nucleotide-binding proteins).

< There are more than 1000 G protein—coupled receptors; all
have seven transmembrane segments that loop in and out of

the cell membrane.

[mp < Large G protein = macromolecule composed of three subunits

(heterotrimeric) made up of alpha (@), beta (B) and gamma (y)

subunits. G proteins are GTPases enzymes. ~ (S Jass sl Sls (25050 38 fea
Buanine tri phogphate

<+ G proteins have the ability to bind to and hydrolyze guanosine
triphosphate (GTP) to guanosine diphosphate (GDR).croaee enoume sose o
that turne GTP—>(EDP
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G Protein-Linked Hormone Receptors (cont.):
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< The alpha subunit is attached to -4/ |
either a GTP (“on” or active state) T
or GDP (“off” or inactive state).
As such, the alpha subunit serves @y — el — @ g
as an on-off switch for the T K Tz & iomss,
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Activation of the G-protein is achieved by exchanging the GDP on the alp‘ha
subunit to GTP. This exchange is mediated by the intracellular G protein-linked

receptor domain when a signal molecule binds to the extracellular domain.- <
Hormone

The binding of GTP to the alpha subumt results in a structural change and its

dissociation from the rest of the G-protein
acfivated (o) unit JI s¢ gecond meggenger @tal Jassa oIl ns

<+ The alpha subunit binds membrane-bound target proteins (enzymes) that

initiate intracellular signals (i.e. downstream signaling cascade).



G Protein-Linked Hormone Receptors (cont.):

2+ The activation of the G proteins and induction of intracellular signals either:
1. Open or close cell membrane ion channels... e s e o cma s et
2. Change the activity of an enzyme in the cytoplasm of the cell, such as
adenylyl cyclase or phospholipase C.
3. Activate gene transcription.

%+ The signaling event is terminated when the hormone is removed and the a
subunit inactivates itself by converting (hydrolyzing) its bound GTP to GDP;
then the a subunit once again combines with the B and y subunits to form an
inactive, membrane-bound trimeric G protein.

+ Some hormones are coupled to inhibitory G proteins (Gi), whereas others
are coupled to stimulatory G proteins (Gs). Thus, depending on the coupling
of a hormone receptor to an inhibitory or stimulatory G protein, a hormone
can either increase or decrease the activity of intracellular enzymes.



Joall 132 aMino acided! o dhesles oo s5lae 8 (Il (g 5 aas Jars Lgad ]l
amino acids JI cre crae waisis ol giay Gl (dasya s daay ) 5ol £ liny
Sla oLyl Ho¥ 1 Llall gaas « meggenger RNA ooty oY1 1iag cpas Juuleais
31l sl Gl culs DNA U1 aiaall yal gl dawas Juuys 4l dlSas DNA JI oo
o153l e iy e lia sllal ] wiigyull daiandl (o (ol by, oy Jaay 9 3
gl daias S dlayll diags Jaall ol aaliall o8 Jla agisnlbl aydlsulodl
A< 1ia adleg MeeeengerRNA Llaeg cpadl cpa (o Jgl ety cpig !l delie 8
Aigsall aiead lie Lladls yaal a3Y wleall sLa (gene trangeription Jaai,

S ol e psaxdl Ty 131 G protein coupled receptor I Jasd! ogiiis (oiias
seSan WY was GTD W casaa Ls slag JaTall oys activation J! 7 s



JI 3 glycogen Jaas Leie bl g Lebaiiiny oS oy U opdseat¥ JBs Lic
s S Qlyeogen ian vl ol | S0 WS A (I glucoge
cadgll pudiy IS QIUOOQQJI By Lo Y Gllall 5550 @A 00 el | (Ml gy
B Garb oo Llall caal fgayell yols) i glycogen JSis gue i3 eligl

delin ol 13a glycogen delia (I JAYL 5ol I protein receptor

Lla mhais ole receptor JL Las s U glucagon bl <ase jAT Gseya Lic

SSass  inhibitory ,e¥1 La < glycogen JI & Ll cidss aliy yal adly oI
glucoge J Usads glyeogen J! ;s (56 auyil Jauds (uSall Jaas jadi



Notes:

L

LK

Some receptors are enzyme-linked receptors that pass
through the membrane only once, in contrast to the seven
transmembrane G protein-coupled receptors. Example is
the cytokine receptors such as the leptin receptor.

Enzyme linked receptors have their hormone-binding site
on the outside of the cell membrane and their catalytic or
enzyme-binding site on the inside.

When the hormone binds to the extracellular part of the
receptor, an enzyme immediately inside the cell
membrane is activated (or occasionally inactivated).
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% Steroid hormones, thyroid hormones, retinoid hormones, and
vitamin D, bind with protein receptors inside the cell rather
than in the cell membrane.

*
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» The activated hormone-receptor complex binds with a specific
regulatory (promoter) sequence of the DNA called the
hormone response element, and activates or represses
transcription of specific genes and formation of messenger
RNA (mRNA).

» After certain period following the entrance of the hormone
inside the cell, newly formed proteins appear in the cell and
become the controllers of new or altered cellular functions.



hormone J! sa firet meggenger J! 4l S

Second Messenger Mechanisms:

<+ Second messengers are intracellular signaling
molecules released by the cell in response to
exposure to extracellular signaling molecules (the
first messengers such as the hormones).

% The second messenger include (1) cAMP, (2) cGMP,
(3) Calcium ions and associated Ca/lmodulin and (4)
products of membrane phospholipid breakdown.




1- Adenylyl Cyclase—cAMP Second Messenger System:

%+ If the Gs protein stimulates the adenylyl cyclase-
cAMP system, adenylyl cyclase catalyzes the

Extracellular & Hormone

conversion of a small amount of cytoplasmic fuid
adenosine triphosphate (ATP) into cAMP inside the
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% This then activates cCAMP-dependent protein kinase pylopiamn @D
(also called protein kinase A or PKA). PKA 5
Ehosphorylates specific cell proteins, triggerin o N adenyy

iochemical reactions that ultimately lead to the /\‘“’“‘““
cell’s response to the hormone (i.e. downstream ol e 2
signaling cascade to greatly amplify the strength of rctve —
the original first messenger signal). Example, the Sopuniiet | agmain
action of AD!-I hormone In the kidney. Cagcade —; proteir proteir
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< If binding of the hormone to its receptors is coupled e

to an inhibitory Gi protein, adenylyl cyclase will be EE_,,,HLWH

inhibited, reducing formation of cAMP and
ultimately leading to an inhibitory action in the cell.
Example, somatostatin hormone.
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Guanylyl Cyclase—cGMP Second Messenger System:

The second messenger cGMP is generated by the enzyme guanylyl cyclase (GC).

There are two forms of guanylyl cyclase, a soluble, cytoplasmic form and a
membrane-localized form. Soluble GC is a target for the paracrine-signaling

molecule nitric oxide (NO). Firat mesgenger

It is a cyclic nucleotide derived from guanosine triphosphate (GTP). cGMP acts
as a second messenger much like cAMP.

Nitric oxide is a famous stimulator of cGMP synthesis. cGMP relaxes smooth
muscle tissues. In blood vessels, relaxation of vascular smooth muscles lead to
vasodilation and increased blood flow.

cGMP is involved in the regulation of some protein-dependent kinases.
Example, protein kinase G (PKG). Activation of PKG reduces cytoplasmic Ca**
concentrations, resulting in smooth muscle relaxation.

The transmembrane form of guanylyl cyclase is a receptor for atrial natriuretic
(ANP) peptide. Binding of ANP to transmembrane guanylyl cyclase in the kidney
increases cGMP, which stimulates Na* excretion to reduce blood volume.
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3- Cell Membrane Phospholipid Second Messenger System:
< Some hormones activate transmembrane receptors

that activate the enzyme ahasphalipase C attached to
the inside projections of the receptors. etracelliar lid

Receptor

< Phospholipase C catalyzes the breakdown of some !
phospholipids in the cell membrane, especially
phosphatidylinositol biphosphate (PIP2), into two
different second messenger Froducts: inositol

G protein
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triphosphate (IP3) and diacylglycerol (DAG)Second mescengere Prosphoipeze O
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The IP3 mobilizes calcium ions from mitochondria and
the endoplasmic reticulum, and the calcium ions then ™"
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have their own second messenger effects, such as proten < prten
smooth muscle contraction and changes in cell N\
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<+ DAG, the other lipid second messenger, activates the  cersresponse Cell’s response

enzyme protein kinase C, which then Ehﬂsphﬂrylates a
large number of proteins, leading to the cell’s
response.



4- Calcium-Calmodulin Second Messenger System

.:n-,_l.._u“i:..“ I_'..n...n_l__._;\J“ "r'_l __:,.JII dln |_-.;.._._-..___.J_J L‘IJ‘J.._.II—' -.JII_J-LJ-.-'--,_L-_-.IJ-IEJI
cerond mes ':-.Icl’l -..J_g--r-*_'-l radl ad g dale | Jgana _SSAU_-E-_-L-;?L-_-.-JEH{J”I{L.'I L

Calcium influx may be initiated by (1) openmg of voltage-gated calcium
channels or (2) a hormone interacting with membrane receptors that
open calcium channels (ligand-gated).

Upon entering a cell, calcium ions bind with the protein calmodulin.

Calmodulin has four calcium sites, and when three or four of these sites
have become bound with calcium, the calmodulin changes its shape and
initiates multiple effects inside the cell, including activation or inhibition
of protein kinases.

Example, calmodulin activates myosin light chain kinase, which acts
directly on the myosin of smooth muscle to cause smooth muscle
contraction.

Troponin C in skeletal and cardiac muscle is similar to calmodulin in both
function and protein structure.



Test Question:

Q. In chemical synapses that involve a so-called second messenger,
typically a G-protein linked to the postsynaptic receptor is
activated when neurotransmitter binds to that receptor. Which of

the following represents an activity performed by the activated
second messenger?

A. Closure of a membrane channel for sodium or potassium
B. Activation of cyclic AMP or cyclic GMP

C. Inactivation of enzymes that initiate biochemical reactions in the
postsynaptic neuron

D. Inactivation of gene transcription in the postsynaptic neuron
E. Opening of ligand-gated ion calcium channels

Done by: Ayah Abbadl
(Bood Luck «



