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TARGET TISSUE HORMONE MAJOR RESPONSE 

Thyroid gland thyroid-stimulating hormone 

(TSH) 

thyroid hormone synthesis and 

secretion 

Adrenal cortex adrenocorticotrophic hormone 

(ACTH) 

cortisol secretion 

Ovary luteinizing hormone (LH) progesterone secretion 

Muscle adrenaline glycogen breakdown 

Bone parathormone bone resorption 

Heart adrenaline increase in heart rate and force 

of contraction 

Liver glucagon glycogen breakdown 

Kidney vasopressin water resorption 

Fat adrenaline, ACTH, glucagon, 

TSH 

triglyceride breakdown 

TARGET TISSUE SIGNALING MOLECULE MAJOR RESPONSE 

Liver vasopressin glycogen breakdown 

Pancreas acetylcholine amylase secretion 

Smooth muscle acetylcholine contraction 

Blood platelets thrombin aggregation 

Diversity (of physiological responses to GPCR stimulation) 

















Rhodopsin is a light-activated GPCR found in the rod 

cells of the eye. Rhodopsin molecules are located 

within membrane disks in the outer segments of rod 

cells  

 About 107 copies of rhodopsin occur per cell. Rod cells 

are important in capture of low intensity light having a 

broad range of wavelengths.  

 

Closely related color pigment receptors that respond to 

more limited regions of the visual spectrum (i.e., blue, 

green, & red light) are present in cone cells 



Rhodopsin consists of the 
protein opsin bound to the 
visual pigment, 11-cis-
retinal. Like other GPCR 
family members, rhodopsin is 
a 7-transmembrane segment 
protein. Rhodopsin signaling is 
initiated when the retinal 
chromophore absorbs a photon 
of light. Light absorption 
causes an electronic 
rearrangement and 
isomerization from 11-cis- to 
all-trans-retinal . The 
isomerization triggers a 
conformational change in 
opsin, leading to activation of 
a bound G protein known as 
transducin (Gt). All-trans-
retinal is released and 
recycled to 11-cis-retinal 
which later recombines with 
opsin. 



Some G Protein directly regulate ion channels 

 

 ex: Acetylcholine receptor present on Heart Muscle cells. 

• This G protein is designated as Gi. 

• i  as the alpha subunit inhibits adenylyl cyclase. 

• The Beta gamma subunit act directly open K+ channels in 

the plasma membrane. 

• This effects in  slowing in heart muscle contraction. 

 

























Cytokine Receptors 

Type I cytokine receptors (Hematopoietin ) 

Type II cytokine receptors 

Ig superfamily 

TNF receptors 

Seven-transmembrane -helical receptors 

 

*Classification of cytokine receptors based on 

structural homologies among the extracellular 

cytokine-binding domain. 
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IL-1  M-

CSF C-

kit 

IL-2 

IL-3 

IL-4 

IL-5 

IL-6 

IL-7 

IL-9 

IL-11 

IL-12 

IL-13 

IL-15 

OSM 

GM-CSF  

G-CSF 

EPO     

IFN- 

IFN-b 

IFN-g 
IL-10 

TNF-      
TNF-b   
CD40L          

NGF    

FASL 

IL-8  

RANTES  

MIP-1  

PF4   

Cytokine receptor families and ligands 

WSXWS 

Conserved  

cycteins 



SECOND MESSENGERS 



• Second messenger, molecule inside cells that acts to transmit signals from a 

receptor to a target.  

 

• The term second messenger was coined upon the discovery of these substances 

in order to distinguish them from hormones and other molecules that function 

outside the cell as “first messengers” in the transmission of biological 
information. 

 

•  Many second messenger molecules are small and therefore diffuse rapidly 

through the cytoplasm, enabling information to move quickly throughout the 

cell. As elements of signaling pathways, second messengers can serve to 

integrate information when multiple independent upstream inputs influence the 

rates of synthesis and degradation of the second messenger. 

 

 

•  In addition, second messengers can have multiple downstream targets, thereby 

expanding the scope of signal transmission. 



Cells respond to the 
environment: 
 
Signal Transduction 



The term signal transduction 

refers to the biochemical 

mechanism responsible for 

“transmitting” extracellular 
signals inside the cell, which 

ultimately lead to the activation 

of target proteins that control 

metabolic pathways or regulate 

gene expression.  

Courtesy: Roger Miesfeld 

























 

• Activation of histamine through H2 receptor cause increase in  intracellular 

cAMP level while Ach through M3 receptor and gastrin through CCK2 

receptor increases intracellular calcium level. These receptors are present 

on basolateral side of membrane. 

 

 

• Increased cAMP level results in increased protein kinase A. Protein kinase A 

phosphorylates proteins involved in the transport of H+/K+ ATPase from the 

cytoplasm to the cell membrane. This causes resorption of K+ ions and 

secretion of H+ ions. The pH of the secreted fluid can fall by 0.8. 



                                               GMP 

 
The cGMP Signal Transduction Pathway: 

 

           Two forms of guanylate cyclase: 

 

1) Membrane-bound (particulate; pGC ) 

 

             •Activated by ANF (atrial natriuretic factor) 

              –ANF released when BP elevated 

 

    2) Cytosolic (soluble; sGC) 

                 •Activated by nitric oxide 

                 •NO produced from arginine by NO synthase 

– 

Nitroglycerine slowly produces NO, relaxes cardiac and vascular smooth muscle, reduces angina. 

 



Produced from GTP by the enzyme guanylyl cyclase. The cGMP analog Sildenafil, 

also know as Viagra, is used to treat sexual dysfunction by inhibiting the activity of 

cGMP phosphodiesterase (PDE). The molecular structure of sildenafil is similar to 

cGMP and binds tightly to cGMP PDE. 

Courtesy: Roger Miesfeld 

Another second messenger important in signal transduction is cyclic 
GMP (cGMP) 















Courtesy: Roger Miesfeld 

The Kissing Bug, Rhodnius prolixus, delivers NO to their victims by injecting 

heme-containing proteins called nitrophorins that carry NO into the wound along 

with their saliva. 



Intracellular levels of DAG, IP3 and Ca2+ are 

controlled by the activity of a membrane 

associated enzyme called phospholipase C 

(PLC).  

 

Receptor-mediated activation of 

phospholipase C leads to cleavage of the 

membrane phospholipid phosphatidylinositol 

4,5-bisphosphate (PIP2) to form DAG and 

IP3.  

Courtesy: Roger Miesfeld 

Some Other Second Messengers: diacylglycerol (DAG), inositol 1,4,5-trisphosphate 
(IP3) and calcium ion (Ca2+). 



PLC produces second messengers DAG and IP3 



Function of second messengers IP3 & DAG 
IP3 binds to calcium channels on the endoplasmic reticulum 

•  causes a rapid increase in intracellular Ca2+ levels.  

 

Released Ca2+ binds to protein kinase C (PKC) 
• stimulates its association with DAG at the plasma membrane 

resulting in activation of the PKC kinase function 

 

Ca2+ binds to calmodulin, activating: 
phosphorylase kinase  

calmodulin dependent kinase 

 

PKC and calmodulin dependent kinase  

phosphorylate and inactivate glycogen synthase  

 

Calmodulin-activated phosphorylase kinase stimulates 

glycogen degradation by activating glycogen phosphorylase  



Calcium as a second messenger 

• Calcium ions are important for cellular signalling, as once they enter the cytosol of the 

cytoplasm they exert allosteric regulatory effects on many enzymes and proteins. 

Calcium can act in signal transduction resulting from activation of ion channels or as a 

second messenger caused by indirect signal transduction pathways such as G protein-

coupled receptors. 

 

• The resting concentration of Ca2+ in the cytoplasm is normally maintained around 100 

nM. 

• To maintain this low concentration, Ca2+ is actively pumped from the cytosol to the 

extracellular space, the endoplasmic reticulum (ER), and sometimes into the 

mitochondria. 

• Specific signals can trigger a sudden increase in the cytoplasmic Ca2+ level up to 500–
1,000 nM by opening channels in the endoplasmic reticulum or the plasma 

membrane. The most common signaling pathway that increases cytoplasmic calcium 

concentration is the phospholipase C pathway. 

•   



• Calcium (as Ca2+) is a ubiquitous second messenger with wide-ranging physiological 

roles: 

• These include muscle contraction, 

•  neuronal transmission as in an excitatory synapse, 

•  cellular motility (including the movement of flagella and cilia), 

•  fertilization, cell growth or proliferation, 

•  neurogenesis 

• , learning and memory as with synaptic plasticity, 

•  and secretion of saliva.[ 

•  High levels of cytoplasmic calcium can also cause the cell to undergo apoptosis. 

•  Other biochemical roles of calcium include regulating enzyme activity, permeability 

of ion channels, activity of ion pumps, and components of the cytoskeleton.[12] 

• Many of Ca2+-mediated events occur when the released Ca2+ binds to and activates 

the regulatory protein calmodulin. 

•  Calmodulin may activate calcium-calmodulin-dependent protein kinases, or may act 

directly on other effector proteins.(Myosin). 

•  Besides calmodulin, there are many other Ca2+-binding proteins that mediate the 

biological effects of Ca2+. 











Hedgehog signaling pathway 



The Hedgehog signaling pathway is a signaling pathway that transmits 

information to embryonic cells required for proper cell differentiation. 

 Different parts of the embryo have different concentrations of hedgehog 

signaling proteins. The pathway also has roles in the adult. 

The Hedgehog signaling pathway is one of the key regulators of animal development 

and is present in all bilaterians. 

The pathway takes its name from its polypeptide ligand, an intercellular signaling 

molecule called Hedgehog (Hh) found in fruit flies of the genus Drosophila.  

 

Hh is one of Drosophila's segment polarity gene products, involved in establishing the 

basis of the fly body plan. Larvae without Hh, are short and spiny, resembling the 

hedgehog animal. The molecule remains important during later stages of 

embryogenesis and metamorphosis. 

Mammals have three Hedgehog homologues, Desert (DHH), Indian (IHH), and Sonic 

(SHH), of which Sonic is the best studied. T 



In the late 1970s Christiane Nüsslein-Volhard and Eric 

Wieschaus isolated mutations in genes that control 

development of the segmented anterior-posterior body 

axis of the fly;  

They discovered  a group of genes involved in the 

development of body segmentation, helping to found 

the field of evolutionary developmental biology. 

 In 1995, they shared the Nobel Prize with Edward B. 

Lewis for their work studying genetic mutations in 

Drosophila embryogenesis. 

The Drosophila hedgehog (hh) gene was identified as one of 

several genes important for creating the differences between 

the anterior and posterior parts of individual body segments. 

Rather than the normal pattern of denticles, hedgehog 

mutant larvae tend to have "solid lawns" of denticles 

(Figure 1). The appearance of the stubby and "hairy" 

larvae inspired the name 'hedgehog'. 



Hedgehog signaling pathway 

• Indian hedgehog: expressed in gut and 
chondrocytes 

• Desert hedgehog: expressed in sertoli cells of the 
testes 

• Sonic hedgehog: Involved in many developmental 
processes. Best characterized 


