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Figure 1. The structure of the cell membrane.  Remember that the features of the cell 
membrane are very tissue specific, but this “fluid mosaic” model presentation applies to all 

cell membranes of the human body. 

Hormones would be irrelevant if it not for the 
cell response mechanisms that enable a cell to 
respond to an increase release of a specific 
hormone.  To ensure that specific hormone only 
targets a specific tissue, our genetic 
development has ensured that only the required 
cells of specific tissues have the right cellular 
response mechanisms to respond to a specific 
hormone.  As you will read, depending on the 
type of hormone, a cell will have a specific 
means to detect and response to an increasing 
circulating or local concentration of a specific 

hormone.  The figure illustrated is the structure of the insulin receptor, and as you will 
soon learn, receptors located on or across cell membranes are a means to rapidly 
respond to circulating amine and peptide hormones, of which insulin is a classic 
example of a peptide hormone. 

 
Now that you understand and even know the differences between the chemical 
structures of hormones, you now understand the need for specific mechanisms of 
communication between hormones at the cellular level.  As previously indicated, there 
are two general types of cell communication; 1) receptor mediated interactions for 
amine, peptide, polypeptide and protein hormones, and 2) intracellular control 
mechanisms for steroid hormones. 
 
The study of these mechanisms is extremely important, as hormones are one of the 
body’s methods of communication to and regulation of important, in fact life sustaining, 
physiological processes. 
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Figure 2. Classification of storage and membrane 

lipids, with emphasis to the phospholipids. 

 
 

Figure 3. The structure of a phospholipid. 

Receptor-Mediated Hormone Responses 
The problem facing amine, peptide, polypeptide and protein hormones is that they have 
no means of passage into cells.  The polarity (charge) and size of these hormones 
prevents movement through the cell membrane, which demands a system of hormone 
recognition by cells, and specific cellular responses based on specific hormone binding 
to specific receptors that occur on the outer side of the membrane.  Thus, it is 
worthwhile to remind ourselves of the structure of the cell membrane (Figure 1). 
 
The cell membrane consists of a 
double lipid layer, consisting of two 
strands of phospholipids (Figures 2 
and 3) with polar ends facing towards 
the inside and outside of the 
membrane, and long highly lipophilic 
fatty acid chains extend into the 
membrane from polar end.  This 
lipophilic or non-polar inside of the 
membrane prevents charged 
molecules from diffusing through the 
membrane.  This means that charged 
molecules and elements need a 
special transport protein that spans the 
membrane to get into a cell, or as is 
the case for amine, peptide, 
polypeptide and protein hormones, an 
externally positioned protein receptor 
that when bound to a hormone, can pass a signal to the inside of the cell (more on this 
soon).  The cell or plasma membrane also has added types of lipids dispersed 
sporadically throughout, such as cholesterol, diacylglycerols, and other signal 
recognition proteins that 
will be discussed soon.  
Such structure and 
function is often labeled 
as the “fluid mosaic 
model” (Figure 1), to 
emphasize that the cell 
membrane is not a rigid 
structure, like a wall, but 
rather a dynamic, always 
changing and highly 
energy dependent system 
of molecular processes 
preserving and protecting 
cell functions.  Depending 
on the type of tissue, the 
features of the cell 
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Figure 4. Overview of the cell response events for the 
catecholamine stimulation of the target cell cAMP second 
messenger response. 

membrane will differ, but all cell membranes function according to this dynamic model. 
 
For hormones, the proteins on the plasma membrane can be located on the outer 
surface and be associated with additional proteins within and positioned on the inner 
surface, or be proteins that span the entire membrane (integral proteins).  Some 
receptors are also part of integral proteins, as was presented for the neurotransmitters 
of the nervous system.  It is important at this point to emphasize that the protein 
receptor mediated responses to amine, peptide, polypeptide and protein hormones are 
hormone specific.  There is no one system for all these hormones.  The examples of 
such systems that follow will be given with specific applications to certain hormones. 
 
G-Protein to cAMP 
Receptor Systems 
The classic example of how 
added proteins influence the 
cell response to an amine 
hormone is for the 
catecholamine hormones 
epinephrine and 
norepinephrine.  Figure 4 
presents a drawing of 
epinephrine binding to a 
surface receptor, of which 
there can be different types 
such as beta1, beta2, alpha1, 
alpha 2, etc.  Depending on 
the receptor type, the cell response differs which involves either or both of specific 
enzyme activation or inhibition.  For the catecholamines, the receptor is an integral 
protein that connects to an inner surface G- protein system.  Binding of a catecholamine 
to the receptor sets in motion a series of events, as follows. 
 

1) binding induces a conformational shift of the receptor in the membrane, initiating 
contact with a stimulatory G-protein (Gs); named so because it binds 
guanosine nucleotides (GTP and GDP) (Figure 5). 

2) GTP binds to the Gs and the hydrolysis of another GTP molecule fuels the 
movement of the Gs complex to a neighboring adenylate cyclase enzyme (AC). 

3) The adenylate cyclase enzyme is activated by this contact, and converts ATP to 
cAMP (Equation 1, Figures 4 and 5).  cAMP (Figure 6) is one example of what is 
called a second messenger, as it relays the hormone binding on the outside of 
the membrane to intracellular enzymatic and metabolic responses. 

4) cAMP then activates a cAMP-dependent protein kinase, causing the 
phosphorylation of select proteins, including other enzymes. 

5) Intracellular protein phosphorylation alters enzyme activities, changing cellular 
metabolism. 

6) The enzyme cyclic nucleotide phosphodiesterase degrades cAMP to AMP 
(Equation 2). 
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Figure 5. Detailed depiction of the G-protein system involved in the hormone-cAMP cellular 

response mechanism. 
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Explanation of the cAMP cascade for the epinephrine regulation of muscle and liver 
glycogenolysis will be provided in the Section on ‘Glycogenolysis and Glycolysis”.  
Other hormones that exert biological responses through the G-protein stimulation of a 
cAMP mechanism are glucagon and ACTH.  Interestingly, the alpha receptors to 
epinephrine and norepinephrine are linked to inhibitory G-proteins, thereby lowering 
intracellular cAMP. 
 
Other Receptor Systems 
Another second messenger is guanosine 3’-5’-cyclic monophosphate (cGMP) 
(Figure 7), which is produced from GTP by guanylate cyclase.  The cGMP mechanism 
operates in the collecting ducts of the kidneys in response to atrual natriuretic peptide 
(ANP).  Interestingly, it is guanylate cyclase that responds to nitric oxide (NO) to 
produce cGMP, which induces relaxation of the smooth muscle surrounding blood 
vessels within the myocardium causing vasodilation.  The NO stimulated cGMP also 
lowers calcium concentrations in myocardium by increasing calcium pump activity which 
in turn lowers the force of myocardial contraction. 
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Figure 6. The conversion of ATP to cyclic 

AMP (cAMP). 

 
 
Figure 7. The second messenger guanosine 

3’-5’-cyclic monophosphate (cGMP). 

Another example of receptor mediated cell 
response mechanisms is that of insulin.  
The insulin receptor is actually a protein 
kinase, which adds a phosphate group to 
tyrosine residues on intracellular proteins 
(Figure 8).  In some individuals with non-
insulin dependent diabetes mellitus, their 
cells have defective tyrosine kinase 
activity, thereby leading to the inability to 
respond to increased blood glucose by 
moving more GLUT4 transporter proteins 
to the cell membrane to take up glucose 

and lower blood glucose. 
 
Yet another second messenger system involves the production of inositol 
triphosphate (IP3) (Figure 9).  In this scenario (Figure 10), the G-protein system 
activates another enzyme called phospholipase C, which converts inositol-4,5-
bisphosphate to IP3 and a diacylglycerol.  The IP3 signals the release of intracellular 
stores of calcium, and the increased calcium, together with the diacylglycerol, activate 
protein kinase C on the inner surface of the cell membrane.  Protein kinase C activity 
caused protein phopshorylation that leads to the cellular response.  Hormones that 
operate via this system include ADH (arginine vasopressin) and thryotropin-releasing 
hormone. 
 
Finally, another known intracellular second messenger is calcium itself.  An important 
calcium dependent enzyme is calcium/calmodulin-dependent protein kinase.  This 
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Figure 8. The cell response mechanism of the insulin 
receptor featuring tyrosine specific protein 

phosphorylation. 

 
 
Figure 9. The structure of the 
second messenger inosotol 
triphosphate (IP3). 

enzyme requires the 
regulatory protein calmodulin 
to be bound to calcium, 
which in turn then activates 
the enzyme.  This system is 
especially important in the 
regulation of phosphorylase-
b kinase in glycogenolysis. 
 
In summary, five different 
second messengers were 
presented here; cAMP, 
cGMP, IPS, diacylglycerol 
and calcium.  Furthermore, 
receptors like that of the 
insulin receptor have their 
own enzyme activity 
(tyrosine-specific protein kinase) and do not require 
second messengers to exert their cell response.  Also, 
given that cell responses predominantly end in enzyme 
regulation, most amine, peptide, polypeptide and protein 
hormones alter cell metabolism.  Classic exceptions to 
this rule are insulin, ADH and ANPs, which all alter the 
movement of transport proteins to be incorporated into 
membranes. 
 
Steroid and Thyroid Hormone Cell Response 
Mechanisms 
Steroid hormones are transported in the blood bound to 
hormone specific transport proteins. When at the target 
tissue, the hormone is released and diffuses through the 
cell membrane and migrates to the nucleus where it 
binds with a nuclear receptor (Figure 11).  These 
steroid hormone-receptor complexes interact with 
specific DNA sequences that in turn either stimulate or 
inhibit the transcription of mRNA from specific genes, 
leading to the eventual synthesis of specific proteins. 
 
The thyroid hormones function via a similar cascade of events to steroid hormones, 
even though they are not steroid hormones. The essential differences are that thyroid 
hormones first bind to an externally located cell membrane receptor, which facilitates 
the movement of the hormone into the cell. In addition to altering nuclear function and 
protein synthesis, thyroid hormones also influence mitochondrial function by binding to a 
specific mitochondrial thyroid hormone receptor.  Thyroid hormones increase cell 
metabolic rate by stimulating increased flux of substrate through oxidative 
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Figure 10. The combined inositol triphosphate (IP3) and diacylglycerol second messenger 
systems. 
 

 
Figure 11. The cell response mechanism for steroid and thyroid hormones. 
 

phosphorylation.  There is also evidence that they alter mitochondrial DNA function 
through modulating the density of mitochondrial membrane within cells. 
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Again, classic steroid hormone examples are estrogen, testosterone and 
aldosterone.  An important added feature of steroid hormone cell mediated responses 
in that they are inherently slow compared to amine, peptide, polypeptide and protein 
hormones responses.  In having to rely on altered protein synthesis, the start of a 
biological response to increased steroid hormone secretion may require more than 30 
min to detect.  Similarly, the removal of such a stimulus and the time to detect this in the 
biological response is also a slow process.  As will be discussed in the regulation of fluid 
balance in the next Topic, this could be viewed as a fault of the renin-angiotensin-
aldosterone regulation of fluid balance. 
 

Glossary Words 
 
receptor mediated refers to the process of when amine or peptide hormones bind to a 
cell receptor to initiate the cellular biological response. 
 
polarity is the term used to indicate a molecular charge. 
 
cell membrane is the outer membrane of the cell. 
 
phospholipids are lipids that contain one or more phosphate groups. 
 
lipophilic fatty acid, as for all fatty acids, are lipid loving (lipophilic). 
 
non-polar refers to molecules that do not have a charge. 
 
receptor is a specialized protein that binds to a specific molecule. 
 
cholesterol a steroid lipid produces by most cells of the body, and which is essential for 
the normal function of most membranes. 
 
diacylglycerols consist of two fatty acid molecules joined together through ester bonds. 
 
fluid mosaic model is the model used to explain the function of cell membranes. 
 
integral proteins are those the span the entirety of the membrane. 
 
catecholamine refers to either epinephrine or norepinephrine which are secreted from 
the adrenal medulla during increased sympathetic stimulation.  Norepinephrine is also a 
neurotransmitter of the sympathetic adrenergic nerves of the autonomic nervous 
system. 
 
epinephrine is one of the catecholamine hormones, and is solely secreted from the 
adrenal medulla. 
 
norepinephrine is one of the catecholamine hormones, and is secreted from the 
adrenal medulla as well as being a neurotransmitter of the sympathetic adrenergic 
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nerves of the autonomic nervous system. 
 
stimulatory G-protein (Gs) refers to the proteins of the G-protein cascade that bind 
guanosine nucleotides, and then activate adenylate cyclase. 
 
guanosine nucleotides refer to GTP and GDP. 
 
adenylate cyclase is the enzyme responsible for converting ATP to cyclic AMP 
(cAMP). 
 
cAMP is the abbreviation for cyclic AMP. 
 
second messenger is the term given to molecules that transfer cell membrane receptor 
binding to an internal cellular metabolic response. 
 
cAMP-dependent protein kinase is a cellular enzyme activated by cAMP, and in turn 
phosphorylates select protein substrates. 
 
cyclic nucleotide phosphodiesterase degrades cAMP to AMP. 
 
cAMP cascade refers to the series of neuroendocrine and cell responses mechanisms 
leading to increased cellular cAMP and the related metabolic consequences of this 
increased second messenger production. 
 
guanosine 3’-5’-cyclic monophosphate (cGMP) is a second messenger produced 
from GTP by guanylate cyclase. 
 
guanylate cyclase is the enzyme that converts GTP to cGMP. 
 
protein kinase is an enzyme that adds a phosphate group to a protein substrate. 
 
tyrosine kinase is the enzyme that adds a phosphate group to the amino acid tyrosine. 
 
inositol triphosphate (IP3) is a second messenger produced from the conversion of 
inositol-4,5-bisphosphate to IP3 and a diacylglycerol by the enzyme phospholipase C. 
 
phospholipase C is the enzyme that converts inositol-4,5-bisphosphate to IP3 and a 
diacylglycerol molecule. 
 
protein kinase C is the enzyme located on the inner surface of the cell membrane that 
is activated by the IP3 initiated release of intracellular calcium, combined with an 
increase in diacylglycerol. 
 
calcium/calmodulin-dependent protein kinaseB is an enzyme that is activated by 
increased concentrations of intracellular calcium (Ca2+). 
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nucleus is the subcellular organelle containing the cell’s genes. 
 
nuclear receptor is a specialized protein that transfers steroid hormone binding to the 
biochemistry of protein synthesis or catabolism, depending on the steroid hormone. 
 
transcription is the process of mRNA production from specific DNA sequences. 
 
estrogen is a secondary sex steroid hormone, mostly found in females, and that varies 
with the menstrual cycle. 
 
testosterone is a secondary sex steroid hormone, mostly found in males, and is 
predominantly produced in the testes, though small amounts are also produced in the 
adrenal cortex. 
 
aldosterone is a steroid hormone produced in the adrenal cortex and is responsible for 
the increased synthesis of sodium channels in the distal tubule of the kidney nephrons 
during periods of prolonged dehydration. 
 

 


