CHAPTER 7     Cell-Cell Communication                                                                                                          
Cells in a multicellular organism need to communicate with one another in order to regulate their development and organization in to tissues, to control their growth and division and to coordinate their functions. Animal cells/tissues in addition to their difference in function also differ in their capabilities to store energy and to synthesize the molecules needed for their metabolic activity. 

   The capacity of animal tissues to store energy, for example varies greatly, ranging from the brain (with no storage capacity) to adipose tissue (which primarily functions as a storage form of triacyl- glycerols). Some, like liver cells are not only self sufficient, but are also capable of synthesizing and exporting specific molecules to other tissues, while, others, such as brain cells are incapable of synthesizing all the molecules they require and depend on other tissues to provide these molecule. 
   The coordinated function of multicellular tissues and of the whole body of animals thus depends on a communication system by which the requirements of one cell or tissue are signaled to other cells capable of responding to such signals. The basis for such communication or signaling between animal cells is provided by chemical mediators called signal molecules.                               

7.1. Signal molecules and signaling mechanisms
The key role in metabolic cooperation is played by a group of molecules that communicate physiological and nutritional information between cells or tissues. Such molecules collectively called signal molecules control a diverse range of functions; including cell growth and differentiation, electrical and mechanical functions, digestion, absorption and utilization of nutrients, and response to infections.

   The signal molecules belong to a chemically diverse group of compounds. They include modified amino acids, peptides, proteins, fatty acid derivatives and steroids. Some signal molecules are produced by a variety of tissues, while others are produced only by specialized tissues. 

   Some of them are synthesized continuously and stored in vesicles within cells that produce them, ready to be released up on demand; alternatively, they may be synthesized only in response to demand. The signal for their release may originate from the environment (e.g. stress)  or endogenously (e.g. an increase or a decrease in the level of a specific compound within the body). Once released, they travel to their specific target cell where they bind to specific receptors and cause changes in the activity of the target cell.

      In order to exert their function, signal molecules require the presence of a corresponding counterpart molecule, which has a complementary structure, affinity and ability to bind the signal molecule. Such molecules are called receptors.

   Receptors are proteins located either on the surface of the cell membrane or inside (cytosol, nucleus) of the target cell. They are characterized by a strong affinity for their ligands and exhibit two functionally different regions with in the same molecule: the recognition domain, which recognizes and binds the signal molecule and an interior domain that transmits the signal to metabolic changes, such as activation/inactivation of enzymes, ion channels or gene trans- cription inside the cell, resulting in an increase or a decrease in metabolic activity of the target cell.
Signaling mechanisms

Animal cells communicate with each other by direct cell-cell contact called contact signaling or by secreting chemicals known as distant or chemical signaling that signal cells located some distance away.
   Chemical signaling is mediated by secreted chemicals that signal target cells located some distance away. Chemical signaling mechanisms differ in the distance over which they operate (distance between the secreting and target cell) and are classified in to three types; synaptic, paracrine and endocrine signaling. 
-  Synaptic signaling is a signaling mechanism confined to the nervous system and is mediated by secretion of neurotransmitters. Neurons secrete neurotransmitters at specialized junctions called synapses, which diffuse typically a distance of about 50 nanometers and act only on an adjacent post synaptic target cell (a nerve cell or a muscle cell). The neurotransmitter may inhibit or activate the post synaptic cell. Some examples of neurotransmitters are acetyl choline, norepinephrine, dopamine and serotonin.                                         
-  Paracrine signaling, which is common to many types of tissues is mediated by the secretion of local chemical mediators. These signal molecules act only on target cells located in the immediate environment within about a millimeter range. The binding of the local chemical mediators on the target cells leads to specific changes in the target cells. Examples of local chemical mediators include histamine and eicosanoids.           
-  Endocrine signaling, in which hormones secreted by specific endocrine cells are secreted in to the blood and travel through the blood stream to influence the activity of target cells that are widely distributed throughout the body.
.                                    
7.2. Hormones

Hormones are chemical messengers produced by specific endocrine glands (hypothalamus, pituitary, adrenal gland, thyroid gland, pancreas, gonads etc.) and are carried by the blood stream to influence /affect metabolic activities in their specific target cells. Each type of endocrine cell secretes a different hormone in to the blood and each cell that has the complementary receptors will respond in a way appropriate for the cell type.

   Hormones are classified based on their solubility in to lipid soluble or Group I hormones and water soluble or Group II hormones. To the group I hormones, belong the steroid hormones and the thyroid hormones. The group II hormones comprise amino acid derivatives, peptides and proteins.  

   The two groups of hormones also differ in such aspects as plasma half-life, t ½  ( group I hormones have a t ½ measured in minutes-days, while those of group II hormones, in seconds-minutes), location of receptors ( group I hormones have their receptors located inside the target cell, while those of the group II hormones are found on the cell membrane of target cells) and their mode of action ( group I hormones exert their effects by affecting gene transcription, group II hormones by modifying activity of enzymes).
    Some important hormones of both groups, along with their chemical nature, the producing glands and their major effects are listed below.                                      

Chemical nature and action of some hormones
Chemical nature          Example                       Site of origin                           Major effects                     

	      Amino acid
     derivatives                     


	    Epinephrine      

    Thyroxine  (T4) 

             and

    Triiododothyronine      
(T3)     
	  Adrenal medulla          

  Thyroid gland              


	increase in blood pressure and heart rate, increase in glycogenolysis in liver and muscle, stimulation of fatty acid   release from adipocytes
                                                        increase in basal metabolic rate,  increase in cell differentiation and metamorphosis







    .



	    Peptides                                                     


	Thyrotropin  releasing hormone    

Follicle Stimulating
Hormone(FSH)- releasing hormone                       

Luteinizing Hormone (LH)-releasing hormone                                     

Oxytocin 

    Vasopressin                              
Adrenocorticotropic   hormone(ACTH)   

Glucagon                      
	  Hypothalamus             

    Hypothalamus             

    Hypothalamus          

                                                    
                                 
Posterior pituitary     

    Posterior pituitary     

    Anterior pituitary     

    α-cells of   

    pancreas          


	stimulation of anterior pituitary to release thyrotropin


                                                    stimulation of anterior pituitary  to secrete FSH                                                                  

                                                          stimulation of anterior  pituitary to secrete LH

                                                                         
                                                contraction of uterine smooth muscles,  milk ejection in  lactating  animals

increase in water  resorption in                                                                                                         kidney tubules

stimulation of adrenal cortex to produce cortisol         

promotes glycogenolysis in the liver




Chemical nature           Example                      Site of origin                          Major effects                     

	    Proteins  


	       Insulin                  
Prolactin                 

Follicle stimulating         hormone (FSH) 

Luteinizing hormone  (LH)                          

                                           Thyrotropin           
	  β-cells of pancreas      

Anterior pituitary         

Anterior pituitary         

                                        Anterior pituitary         

Anterior pituitary     


	promotes uptake and  utilization of glucose in to cells, stimulation of  protein and  lipid synthesis

                                                                        acts on mammary glands  to promote lactation

                                                            stimulation of ovarian  follicles to grow and  secrete estradiol,  stimulation of  spermatogenesis in testis

                                                                                stimulation of oocyte maturation, ovulation and progesterone secretion from  ovary , stimulation of testis to  produce testosterone                                                                                          

                                                           stimulation of thyroid  to produce thyroid hormones





    

	                              Steroids

                                                                                     
	                                      Cortisol

                                     
                           Aldosterone
Testosterone
	                                   Adrenal cortex       
                                   Adrenal cortex
                                    Testis
	                                                                stimulates protein degradation,  increases gluconeogenesis and glycogenesis in liver 

increases sodium uptake in kidney tubules                                        

                                                            development  and  maintenance of   secondary male  sex characteristics, stimulates growth of the prostate and seminal  vesicles, promotes  sperm maturation 




Chemical nature       Example                   Site of origin                               Major effects                                                                   

	                             Steroids                      
	     Estrogens                    

     Progesterone            


	 Ovary, Placenta        

Ovary (corpus luteum),                                                   Placenta                                  


	development and  maintenance of secondary female sex characteristics, control of  the course of  menstrual cycle (in humans  and apes) or estrus  in other animals, growth of mammary glands                                                          

promotes proliferation of the uterine mucosa, implantation and   further development of the fertilized ovum in the uterus, stimulates development of the lactatory function of  the mammary gland  




Mode of action of Group I hormones
Group I hormones, due to their low solubility in blood plasma are transported bound to specific transport proteins (albumin, transcortin, and globulins). Up on arriving on their target cells, they dissociate from their carrier molecules and cross the cell membrane by diffusion.Once inside its target cell, each hormone binds to a complementary receptor protein, located inside the cytosol.

  The binding of the hormone to the receptor causes the receptor to undergo a conformational change resulting in its activation. The activated receptor or hormone-receptor complex then enters the nucleus, where it binds to a specific region on the DNA-molecule, called the hormone response element, which acts as enhancer of transcription and there by activates/inactivates specific genes.
Group I hormones by selectively affecting gene transcription increase/decrease the amount of mRNA formed by transcription, this in turn modifies the amount of protein formed by translation. The resulting changes in the level of proteins in turn affect different metabolic processes.  
Mode of action of Group II hormones
Group II hormones, due to their hydrophilic nature cannot cross the cell membranes of their target cells. These groups of hormones have their receptors located on the cell surface of their target cells. These receptor molecules are integral proteins, which traverse the lipid bilayer and are able to signal the interior of the cell membrane the information that the receptor is occupied. 

   The mechanism by which intracellular processes recognize the activation of a receptor on the surface of the cell is called signal transduction. The cell-surface receptors bind the hormones and convert this extracellular event in to intracellular signals, which alter the behavior of the target cell.  
   These receptors do not regulate gene expression; instead they relay the signal across the cell membrane, which eventually leads to the production of intracellular- or second messengers; molecules that convey the signal from the hormone-receptor complex to some enzymes or ion channels that carry out the instruction brought by the hormone (the first messenger).

   Second messengers are small molecules or ions which are formed inside cells as a result of the binding of an extracellular signal. Inside the target cell second messenger molecules start chain reactions that ultimately lead to activation/inactivation of specific target proteins. The five known second messengers are; cAMP (cyclic adenosine 3[image: image1.png]
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- monophosphate), cGMP (cyclic- guanosine 3[image: image3.png]
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- monophosphate), IP3 (inositol 1, 3, 5 triphosphate), diacylglycerol and calcium ions.
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