SOLUTIONS:

WORKSHOP ON HORMONES AND INTERCELLULAR COMMUNICATION

In the following, we have generally included both straightforward answers that you would be expected to be able to figure out and some additional information you may find interesting.

1.
a.  Water-soluble (hydrophilic
) hormones bind to receptors on the outside of the cell membrane.  Binding of a hydrophilic hormone to its receptor results in a cascade of intracellular signals that alter the behavior of the cell in pre-programmed fashion.  Figure 16.2 shows an example of how this cascade can occur through the second messenger cyclic AMP (cAMP).  A hydrophilic hormone (for example, adrenaline or oxytocin) binds to its specific receptor, which activates an enzyme (called adenyl cyclase) that converts ATP to cAMP, releasing energy.  The cAMP then causes specific cell proteins to be phosporylated (one of the phosphate groups is transferred from ATP to the protein, resulting in a change in its activity).  It is important to note that the same hormone can cause widely different cellular responses depending on the cell that it binds to.  Each kind of cell is preprogrammed during its early development to respond in an appropriate way to each kind of hormone, with the proper machinery to sense the hormone level and to carry out what it needs to do in response to that signal. Many different hormones use the same second messenger.



Additional information: Some receptors cause many molecules of a secondary messenger (such as cAMP) to be made, while others cause less.  In addition, the concentration of a second messenger in the cell can be raised by one hormone but lowered by another.  Cyclic GMP, calcium, and 2 molecules made from a specific membrane lipid -- IP3 and DAG -- are some examples of other molecules that can act as second messengers.  The IP3 pathway is the major known pathway in the body that is impacted by lithium, which is the major treatment for manic-depression – this emphasizes the importance of that second messenger, even though we still don’t understand just how it works to bring mania under control.



Fat-soluble (hydrophobic) hormones bind to receptors inside of the cell because they can diffuse (move) through the cell membrane.   When a hydrophobic hormone binds to its receptor, the hormone-receptor complex interacts with the cell’s DNA.  As a result, the gene is transcribed into messenger RNA (m-RNA), which is then translated into a protein.  Like hydrophilic hormones, the responses to hydrophobic hormones are determined as much by the nature and pre-programming of the target cell as by the nature of the signaling molecule.


b.
 All viruses consist of nucleic acid (DNA or RNA) enclosed in a protein core.  They are completely dependent on a host cell to reproduce.  Although viruses are many times smaller than a cell, they are also many times bigger than a single protein, ion or hormone.  They are far too large to simply diffuse through the lipid membrane of a cell.  Every virus looks for a specific protein or other molecule on the surface of a cell that identifies it as a cell it can infect, acting as a receptor for the virus. After binding to the receptor, the viruses either inject their DNA or RNA or they fuse with the cell membrane and are taken into the cell (see page 323, Figure 12.12).  Once the DNA/RNA of a virus is inside a cell it takes over the cell’s machinery to some degree and forces it to make its own proteins (some viruses can also integrate their own genome into the host’s DNA).  



Because viruses bind to proteins on the outside of the cell membrane, they can bind to receptors for hydrophilic hormones but not those for hydrophobic hormones.  In fact, there are many documented cases of viruses that bind to hydrophilic hormone receptors, and some contend that almost every water-soluble hormone receptor is a receptor for at least one virus.


c.
Water-soluble hormones cannot diffuse through the cell membrane, where as fat-soluble hormones can (see 1. a.).


d.
Cells with adrenaline receptors:  smooth muscle cells of the heart, liver cells, adrenal gland cells, pancreatic cells, cells governing the constriction of blood vessels to the skin and skeletal muscles, cells governing the constriction of the bronchioles in the lungs, sphincters and muscle cells in the gastrointestinal tract, mast cells and thrombocytes (cells in the immune system), and many more.  The majority of receptors for adrenaline function through the second messenger cAMP.  Depending on the type of cell and the adrenaline receptors it has, adrenaline will cause either an increase or decrease of cAMP levels in the cell (see 1. a.).  In a leg muscle, adrenaline would cause the blood vessels that feed the muscle to dilate, increasing blood flow to that area.  In addition, adrenaline increases the glucose uptake in muscle cells by acting on the glucose uptake mechanism.  In the stomach, adrenaline would cause the esophageal and pyloric sphincters and blood vessels that feed the stomach to constrict, decreasing the rate of digestion (cAMP levels are decreased in cells—adrenaline inhibits the activity of adenyl cyclase).  In the liver, adrenaline promotes the break down of glycogen to glucose and its release into the blood stream (cAMP levels increase in cells).


e.  Estrogen is a lipid-soluble, hydrophobic hormone.  Therefore, it is able to diffuse through the cell membranes of all of the cells in the body.  There are receptors for estrogen in cells of the breasts, reproductive organs, brain, cells governing fat and hair distribution, and probably many more areas.  In the breast, the initial large infusion of estrogen at the time of puberty (or for therapy of prostate cancer) effects growth and development.  In the brain, estrogen effects emotions and is probably responsible for differences in the structure of the brain between males and females.

2.
a & b.  The table below shows the main hormones involved in blood sugar levels.  Although on the workshop handout it asked to sort out these hormones into 3 classes, it is simpler and perhaps less confusing to think of them in terms of hydrophobic or hydrophilic.

Hormone
Role
Class
Time scale 

Insulin
Lowers blood glucose levels (the only hormone that does this)
Peptide

Hydrophilic
Short term—works in concert with glucagon to maintain relatively stable blood sugar

Glucagon
Raises blood glucose levels
Peptide

Hydrophilic
Short term

Adrenaline
Released in response to stress, prepares the body for “fight or flight”
Tyrosine (amino acid) derivative

Hydrophilic
Very short term, rapid action.

Cortisol (glucocorticoids)
Response to long-term stress; raises blood glucose, increases stomach acid, inhibits histamine release, helps maintain night-day rhythms
Steroid

Hydrophobic
Longer term effects 

* Thyroxin
Increases rate of glucose breakdown to produce ATP.  Long-term circumstances requiring increased energy (pregnancy, cold climate) stimulate thyroxin release.
Tyrosine derivative

Hydrophobic
Even though thyroxin is an amino acid derivative like adrenaline, it and other thyroid hormones are modified to be hydrophobic and thus they diffuse through the cell membrane and activate genes as do steroid hormones, leading to long-term effects.

* growth hormone

(Somatotropin) 
Stimulates childhood growth and development, affects, maintains blood glucose levels, decreases storage of fat and promotes the use of fatty acids for energy.
Peptide

Hydrophilic
Intermediate term effects.  Growth hormone works by inducing a family of hormones called somatomedins, which promote mitosis and protein synthesis in target tissues by increasing the rate of uptake of amino acids into muscle cells. Growth hormone also decreases glucose uptake and utilization and promotes the breakdown of triglycerides in adipose (fat) tissue.

* More complex special examples
c. Stressful situations require a rapid ability to obtain and use energy (sugar).

d. Type I diabetes:  inability to produce sufficient quantities of insulin.  Type II:  reduction of the number of intact insulin receptors due to obesity (cells are overloaded already and don’t want to accept any more sugar) or there is insufficient glucose tolerance factor (required for efficient interaction between insulin and its receptor) due to a chromium deficiency.  Hypoglycemia:  overproduction of insulin, underproduction of glucagon or starvation.

3.  Bullying:  Recipient—release of adrenaline and noradrenaline or possibly “possum response,” if prolonged and frequent, it increases levels of glucocorticoids, TSH/thyroxin and growth hormone as well.  Administrator—adrenaline “rush,” from event, probably has or is experiencing other stress in life leading to the above.

Deprivation:  Homelessness—release of adrenaline and noradrenaline or “opossum response,” if prolonged it increases levels of glucocorticoids, TSH/thyroxin and growth hormone as well.  Starvation—increase in cortisol levels, TSH/thyroxin and growth hormone.  As energy stores run out nonessential systems become shut down, person becomes withdrawn and listless.

Unrealistic expectations:  Increase in the levels of adrenaline, glucocorticoids, TSH/thyroxin and growth hormone. 

War:  Increase in the levels of adrenaline, glucocorticoids, TSH/thyroxin and growth hormone.  

4.  Parathyroid hormone (PTH) is released in response to low levels of Ca2+ in the blood serum.  It acts by releasing Ca2+ stores in the bones, increasing uptake in the intestines, and increasing reabsorption in the kidneys.  PTH also promotes the production of vitamin D, which also promotes Ca2+ absorption in the intestines.  Through negative feedback, vitamin D inhibits the release of PTH.  If Ca2+ levels in the blood get too high, calcitonin is released, resulting primarily in increased bone deposition.  Calcitonin also blocks the effects of PTH and vitamin D.  It is important to maintain tight controls over calcium levels because calcium is crucial to the conduction of nerve signals and muscle contraction. 

� Note:  If you’re having trouble keeping hydrophilic and hydrophobic apart, try to remember where the names come from—hydro means water in Latin, phobic means to fear (think of arachnophobia, the fear of spiders), and philic means the opposite of phobic, to love.





