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OBJECTIVES

Classify receptors into their main superfamilies

Recognize their different transduction mechanisms

Identify the nature & time frame of their response

helping
video!!
1 hour (:


https://youtu.be/BNUO9HQ3LOw
https://youtu.be/BNUO9HQ3LOw
https://youtu.be/BNUO9HQ3LOw
https://youtu.be/BNUO9HQ3LOw
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Transduction

THE DRUG WILL PRODUCE ITS ACTION IN 4 STEPS:

. 3-intracellular change *how many steps required to reach response?
* it differs from receptor to another*

MAIN RECEPTOR CLASSES (RECEPTOR FAMILIES)

e Effect Persistency of drugs

° Cellular mechanism of the
drugs

° Selectivity of drugs

° Development of new
drugs



1,2 and 3 are surface
down).

receptors(on the cell

membrane). Type 4 is
intracellular receptor

Receptor Families
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Overview Type | ) Type llI Type IV
(ion channel-linked) Ty [ {6 [PUR (Enzyme - linked R) (intracellular R)
Location Membrane Membrane Membrane Nucleus
Coupling Direct G-protein Direct Via DNA
¢ Synoptlg Very fast Fast Slow Very slow
ransmission
Response Milliseconds seconds Minutes Hours or days
T Muscarinic receptors . Estrogen steroid
Examples Nicotinic receptors . Insulin receptors
Adrenergic receptor receptors
Effectors Channels Channels/ enzymes Enzymes DNA




Notes from

v, Type | : ion channel-linked receptor oy I
(ligand gated ion channel)-(ionotropic receptor)

Q> -Located at cell membrane (as it’s on the cell membrane, it doesn’t require to
be lipid soluble).
Directly activated by ligand binding. (no second messenger needed)
onisa . -Directly related to ion channels (when the drug starts produce its effect, the Nic?;lhiﬁo' .
‘ : . . . acetyicholine
| i‘gg’t‘;"gﬁ . effect will directly change the ion channel, open or close the channel). _ receptor
- Involved in very fast synaptic transmission - Response occurs in .. »
<ol
milliseconds. L“< ’—J
o E.g: 'IllCOtllllc acetylcholine receptor that is activated by occupancy AR
of a ligand as acetylcholine O
Extra explanation
Nicotinic receptor only found inside ganglia for parasympathetic so it could activate any action related to parasympathetic system the
- process simply will be 5
- Neuron transmission (Ach) is a ligand -> bind to the receptor ->the receptor will open channel-> High Na intracellular @ @
- ->depolarisation ->parasympathetic response such as heart relaxation :



Type IIT (Enzyme-Linked receptors) % ®
(Tyrosine Kinase-linked receptor)

e Located at cell membrane
e Linked to enzyme (with intrinsic enzymatic activity)

e Involved in response to hormones, growth factors.

o
e They control many cellular functions as metabolism and growth. —— Oy O~-r

e Response occurs in minutes to hours.

e Dimerization of receptors

e Auto-phosphorylation

Activation of type IlI receptors> results in > e Activation of kinases as tyrosine kinase with
phosphorylation of tyrosine residue on their substrates and

@ activation of many intracellular signaling pathways in the
oE.Q. Insulin receptors cell.

*437 TEAM*: Kinase enzyme make phosphorylation (adding phosphate) to the tyrosine.
‘> : Tyrosine located in the intracellular protein, like enzyme



Type IIT (Enzyme-Linked receptors) caasil sl
(Tyrosine Kinase-linked receptor)

 Ligands dimerize ' Activated Receptor '
@ | receptors uam ge gsSuar . autophosphorylates |

__________________________

' Phosphorylate other proteins ]
that it docks :
i Intracellular activity-response- !



O

Type IV: Nuclear receptors
Gene transcription receptors

e Located intracellularly.

e Directly related to DNA (Gene transcription).

e Activation of receptors either increase or decrease protein synthesis.
e Response occurs in hours or days and persists longer.

e Their natural ligands are lipophilic hormones;
steroids,thyroids, estrogen.

e They possess an area that recognizes specific DNA sequence in the
nucleus which can bind it. This sequence is called a

Responsive Element [RE]. Dral il Jala o5& il 4l g8 el

e This means that the activated receptors are acting as:
TRANSCRIPTION FACTORS [TF] — expressing or repressing target
genes.

@ & oE.g. Estrogen Steroid receptors

2 @
@
sl puall @

Drug
O

Outside
cell

Membrane




Type IV: Nuclear receptors Gene transcription receptors

| Med 441 I
1- Ligand must be lipophilic hormones so it I
I can pass through the cell membrane. |

2- When ligand bind to the receptor, ligand’s |
shape will change so it can enter the nucleus. '

| 3- Lies on Responsive Element, it either |
| increases or decreases the gene transcription |

|
l 4-The produced protein is either good or not |

_—e—e e e = = === =g

I Med441
I A- where Ligand will bind.

@ I 8- where DNA will bind.
|

| C- responsible for increasing or
I decreasing the gene transcription.

|

C

Transcription
control

domain LR g

domain

Translation

Jd e



Type IT is the Most Abundant Type G-pr‘O'I'ein coupled f‘CCCp"'Of‘S
Metabotropic Receptor

(6-Protein coupled receptors)

Metabotropic- - receptor
[ ]
e The largest fomily that accounts for many
known drug targets.
[ ]
e Located at cell membrane.
e Coupled to intracellular effect via G-protein °
Response through ion channels or enzymes
e (notdirect)
e Involved in rapid transduction Response ( °
a &) occurs in seconds.
[ ]
e EqO
e 1-Muscarinic receptors of Ach (M)
2- Adrenerqic receptors of Noradrenaline ( a &p)
[ ]
 L-Muscaiic s receptor fo both para and sympathetcaystem .

- -Which means it can activate response for both
- 2-Adrenergic is a receptor only for sympathetic :
- -which means it can only activate response for sympathetic in this scenario  :

(Guanine nucleotide-binding proteins)

Regulatory proteins
(regulation for intracellular events)

Comprise of three subunits (axgy), o subunits
possess GTPase activity.

G proteins belong to the larger group of
enzymes called GTPases.

Regulate guanine nucleotides GDP, GTP.

They bind and hydrolyze guanosine
triphosphate (GTP) to guanosine diphosphate
(GDP).

They are active_on’ when they are bound to
GTP.

They are inactive_off’' when they are bound to
GDP.



Receptors in this family respond to agonists by: | il sl

GTP activates the The G protein Extracellular signaling molecule
G protein and allows remains active until jt
promoting the it,In turn hydrolyzes the Q —
binding o% GTP to to activate the bound GTP to GDP : G prloleln
the G protein ffector protein and returns to its
alpha (a) subunit. ground (inactive)
state.

as
Activated GDP P R Effector
receptor
G-protein classes
When the G-protein trimer (agy), binds to
. - A B
agonis Ligand-binding site _~Agonist (Ag)

occupied receptor , the a-subunit dissociates &
is then free to activate an effector.

-Activation of the effector is terminated when
the bound GTP molecule is hydrolyzed to GDP
which allow a-subunit to recombine with (Sy)
and returns to its inactive state.

GTP




Type II receptors (G-Protein-Coupled Receptors)

Different classes
of receptors

(Guanine nucleotide-binding proteins)
are divided according to their o-subunits into:

/ Gs: Gi: Inhibition Ga;

. cholinergic R stimulation of | of the effector (activation,
(N’Z‘;fggegg'c R (Ach): m the effector Linked to the linked to
' Linked to the | CAMP-depen Inositol
CAMP-depen | dent pathway phosphate
/ \ dent pathway system).
b Adrenergic .-'Z'cfiirti”rts — MAch
receptor: subtypes m1, m2, m3, m4.

1, B2, B3

Difference in their related G-Protein Classes


https://youtu.be/tobx537kFaI
https://youtu.be/tobx537kFaI
https://www.youtube.com/watch?v=N7o0Fkz9iGE
https://www.youtube.com/watch?v=N7o0Fkz9iGE

Type II : G-Protein
Coupled receptors

P &

O Enzymes
(To give Second messengers)

* Phospholipase C enzyme Inositol Adenyl cyclase enzyme (AC)
phosphate system (IP3+DAQG) -for ATP-
' Cyclic AMP system (cAMP)
: |
. Cyclic AMP system (cAMP):
+ M2 & M4 Ach receptors couple to Gi to

* Inositol phosphate system

IP3+DAG

( ) inhibit AC.

* M1 & M3 Ach receptors couple to

Gq to stimulate PLC. + a2 Adrenoceptors couple to Gi to
inhibit AC.

* ol Adrenoceptors couple to Gq to

stimulate PLC. * B1&2 Adrenoceptors couple to Gs to

stimulate AC

IP3 = inositol trisphosphate
DAG= diacylglycerol cAMP = cyclic adenosine monophosphate

lon channels

E.Q. Ach acts on muscarinic
receptors in heart

(opening of K-channel),

to decrease heart rate




Must understand all the Enzymes Do s

. G first messenger ->activate enzymes
pathway :

: o : ->enzymes second messengers
-red box is the most (TO g|ve SCCO nd messenger‘S) ->response |
im po rtant - L :
Inositol phosphate system Cyclic AMP system (cAMP)
g
Phosphoinositol ATP
G Protein @ [ G Protein | Adenyl cyclasg emyme | —3 @
v o
o Diacylglyceral ||+ : cAMP
Inositol triphosphate IP3 (DAG) pathway not important ; N
u ﬂ Phosphorylation of Protein kinase A (PKA)
Increase intracellular calcium Protein kinase C ) o
(PKC) Active protein kinase A
J L . | o ;
Secretion of exocrine glands lon channels intracellular increasing of Ca  : : Response Activation or inhibitions of ion channels or enzymes
Increase in heart rate Smooth muscle ?Gefaur:;'zecreﬁon i -glycogen to glucose M lipolysis & 4 breakdown of glycogen to glucose )
Smooth muscle contraction contraction -heart contraction T
Gs/Gi
- 2 5o - Ettectod
&——SR K

(&3

[Carelease].

T £C of hean muscle

! Lipotysis | Giycogen  TGlycogen breakdown
synthesis 1o glucose



#439Team

Type Il receptors (G-Protein coupled receptors classes-target for G-)

Adrenoceptors (Alpha & Betaq)

Cholinergic receptors (M)

ol Adrenoceptors couple to Gq to stimulate PLC = Contraction of smooth
muscles
<« second messenger is inositol phosphate system (IP3+DAG)

M1 & M3 Ach receptors couple to Gq to stimulate PLC
<« second messenger is inositol phosphate system (IP3+DAG)

a2 Adrenoceptors couple to Gi to inhibit AC.
@ Second messengers is cyclic AMP system (cAMP)

M2 & M4 Ach receptors couple to Gi to inhibit AC
& Second messengers is cyclic AMP system (cAMP)

B1&2 Adrenoceptors couple to Gs to stimulate AC
@ Second messengers is cyclic AMP system (cAMP)

< =.-
M. o = M. = M,
o =, = — =4

- Adrenaline binds to a2 Adrenoceptors that will activate Gi (Inhibitory)
protein. Gi protein will inhibit (AC) that will decrease cAMP Concentration
= Decrease contraction.

- Adrenaline works on heart muscles by binding to B2 Adrenoceptors,
that will activate Gs (Stimulatory) protein. Gs protein will activate (AC),
that will increase cAMP Concentration = Increase muscle contraction
(tachycardia)

Thx for #438

- Acetylcholine works on bronchi by M3 Ach receptor that will activate Gq
proteins and Gq proteins will activate (PLC) phospholipase ¢ that will
increase Ca concentration= Increase contraction of smooth muscles

- Adrenaline works on smooth muscles by a 1 receptor that will activate
Gq proteins and Gq proteins will activate (PLC) that will increase Ca
concentration =Increase contraction



Q Important slide

stimulate PLC

stimulation

)

Inhibit AC( cAMP)
Opening of K-channels

:‘Heart (Bradycardio)
(slow heart rate)

stimulate PLC

Contraction of Smooth
muscles
(oronchoconstriction)

\
Inhibit AC ( cAMP)

Inhibition

stimulate AC

Stimulation
(tachycardia
Increase heart rote
Because T Ca)

stimulate PLC

Contraction of
smooth muscles

2 3ga_ll alac ) :
stimulate |

1
daa g3l el
Inhibit |



as a Summary

Signaling mechanism

S

1. Ligand-gated ion
channels
(ionotropic receptors)

Conductance

Time scale
Milliseconds

Examples
Nicotinic
ACh receptor

Ca®* release

2. G-protein-coupled
receptors
{metabotropic)

’

lons
’
)
)
'
)
§
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Change

Second messengers

in excitability ‘

v v v

Protein Other

l phosphorylation l

Cell Signal® » »

Seconds

Muscarinic
ACh receptor

3. Kinase-linked
receptors

-

Frotein
phosphorylation

v

Gene transcription

v

Protein synthesis

v

Cell Signal
>

Minutes / Hours

Cytokine receptors

4. Nuclear receptors

|
|
|
|
|
\

Gene
transcription

Protein synthesis
v
Transcription
& Translation

Hours /
Days
Oestrogen
receptor




Summary
Location
Coupling

Synaptic
transmission

Response

Examples

Effectors

RECEPTORS FAMILIES

Type |
Membrane
Direct

Very Fast

milliseconds

Nicotinic
receptor

channels

Typell
Membrane
G-Protein

fast

Seconds

-muscarinic
Receptors
-adrenergic
receptors

Channels/enzy
mes

Typelll
Membrane
Direct

slow

minutes

Insulin
receptors

Enzymes

Type IV
Nucleus
Via DNA

Very slow

Hours or days

Estrogen
Steroid
receptors

DNA

S
&
@



MCQ

Q-1 Which one of these G-Protein classes work as an inhibitor of the effector?

A) Gs. B) Gi. C) Gq. D) Both A&B

Q-2 Their natural ligands are lipophilic

A-Type | Receptors B-Type Il Receptors C-Type Il Receptors D-Type IV Receptors

Q-3 which of the following receptors is coupled with Gq protein ?
A)Alpha 1.  B)Alpha 2. C) Beta 1. D) Beta 2

Q-4 When a ligand / Molecule comes near to a receptor, the first action will occur is

A-Reception. B- Transduction C- Recognition  D- Response(effect)

Q-5 Its Response occurs in hours or days and persists longer

@j’ype 2. B) Type 4. C) Type 1 D) Type 3

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



D saQ

Q-1 Which system gets activated when acetylcholine binds to M1
Q orM3viaGgreceptor? ..
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