INTRODUCTORY CONCEPTS HANDOUT

Neuron Sketch and Diagrams of Four Fatty Acids are attached.

“Lorenzo’s Oil” is about a family with a wonderful five year-old boy named Lorenzo who developed a rare genetic disease called ALD. The illness causes deterioration of myelin sheath that surrounds and insulates nerve cells.  See diagram. Attached is a sketch of a nerve cell showing the myelin sheath. There is no cure for ALD and, at the time of the movie, there was no treatment.
Lorenzo’s parents tried on their own to find a cure.  Familiarity with the following concepts will improve your understanding of the movie. 

Saturated fats --   We’ve all heard of them.  These are the fats that cause the plaques that clog our arteries.  It causes heart attacks when the arteries are so clogged that blood can’t get to our hearts. Look at the attached Diagrams of Four Fatty Acids.  Notice that the tail is made up of a chain of hydrocarbons (H-C-H; hydrogen and carbon).   The carbon atoms need four electrons to complete their outermost valence shell of eight electrons.  The hydrogen atoms need one atom to complete their outermost valence shell of two electrons.  Each carbon atom in the chain shares one electron with the carbon atoms on either side and an electron with each of the two hydrogen atoms in their link. 

Unsaturated fats --  These are the “good” fats which don’t clog our arteries. The Diagram shows two unsaturated fats. They have at least one double bond between two of the carbon atoms in the hydrocarbon chain. Carbon atoms share two electrons with one of the carbon atoms in the next link, instead of the normal situation in which they share one electron with the carbon atom and one electron with a hydrogen atom.  Double bonded carbon atoms don’t need the electron from the hydrogen atom to fill their valence shells.
VLCSFAs -- This is an abbreviation for Very Long Chain Saturated Fatty Acids.  They are saturated fats with very long hydrocarbon chains in their tails. Children with ALD have high levels of VLCSFAs, Lignoceric Acid (C24:0) and Cerotic Acid (C26:0).
VLCUFAs  -- This is an abbreviation for Very Long Chain Unsaturated Fatty Acids.  These are, apparently, not harmful. 
Enzyme – An enzyme is a biochemical catalyst produced by an organism.  It causes a specific chemical reaction involving molecules of other substances without the enzyme itself being destroyed or changed. For example, our saliva contains enzymes that break down carbohydrates into glucose, a simple sugar.  If you spit on a soda cracker and let it sit for a few minutes, it will taste sweet when you eat it.  

The body gets VLCSFAs in two ways:  from food and it makes its own.  When a living thing makes substances on its own, the process is called biosynthesis.   Another definition of biosynthesis is that it is the production of biological compounds by chemical reactions that occur within living cells.
Endoplasmic reticulum – This is a highly convoluted membrane within cells in the human body that contains enzymes that make various compounds including VLCSFAs and VLCUSFAs.   In the endoplasmic reticulum, carbohydrate links (H-C-H) are added to chains of fatty acids to make very long chain fatty acids.
How does the body regulate VLCSFA levels?
Peroxisomes are microbodies (organelles) within cells that oxidize and break down various proteins and lipids.  Peroxisomes in liver cells oxidize and degrade excess VLCSFAs.
Adrenoleukodystrophy (ALD) -- This is a recessive X linked genetic disease in which the body does not make the protein that transports excess  VLCSFAs into the peroxisomes.  Thus VLCSFAs build up in the body.  35% of boys with the ALD genetic defect develop the aggressive early childhood form of the disease.  65% develop symptoms, usually much milder symptoms, later in life.
Oleic acid  -- See Diagrams of Four Fatty Acids.  This is a monounsaturated fatty acid found in olive oil, almonds, and other foods and herbs.  Monounsaturated means that there is one double bond between carbon atoms in its tail.  Oleic acid contains 18 carbon atoms and is written as (C18:1).
Erucic acid  -- See Diagrams of Four Fatty Acids.  This is a 22 carbon monounsaturated fatty acid written as (C22:1).  Erucic acid is present in rapeseed oil used as food in the Orient.   It causes plaque to build up in the arteries of rats and they die.

Competitive inhibition – This is a biological process in which more than one substance is competing for the active sites of one enzyme. The substance that has a higher concentration will have more access to the enzyme sites and more of that substance will be modified by the enzyme.
A model of competitive inhibition is people trying to get a limited number of vaccinations.  Some people are adults and others are children.  If we bring in thousands of children, and if there are a limited number of nurses available to give the vaccine, and if persons who receive the vaccine are chosen on a random basis from the entire group, then very few adults will be vaccinated.
In the human body, when only a limited number of enzyme sites are available, scientists can sometimes reduce the rate at which one compound is changed by giving the patient so much of the other compound that the first compound is crowded out and less of it reaches the enzyme site to be changed.  In effect, the two types of molecules are in competition with each other. 

Hypothesis – A hypothesis is a tentative explanation of a causal connection or of a fact or situation in the natural world that can be tested through experiment or observation.  Hypotheses are based on educated guesses and often assert a cause and effect relationship.
At the beginning of “Lorenzo’s Oil”, scientists had made an educated guess that the enzyme that added hydrocarbon links to the chains in VLCSFAs in the body worked only on saturated fats and that a separate enzyme added hydrocarbon links to unsaturated fats to make VLCUFAs.  If this hypothesis was true, then competitive inhibition would not work to limit biosynthesis of VLCSFAs.
An example of a hypothesis is:   Removing almost all VLCSFAs in the diet of a person with ALD will cause the level of VLCSFAs in their body to decrease. (In the treatment of children with ALD, this hypothesis was disproven.)
Independent and Dependent Variables -- In a hypothesis, the variable that the scientist changes is called the independent variable.  The variable the scientist does not change is called the dependent variable.  
In our example of the diet restricted in VLCSFAs, the independent variable is the diet low in VLCSFAs.  The dependent variable is the people on whom the experiment is conducted.

Anomaly -- In scientific research, an anomaly is an unusual result which appears to be specific to only one or a few subjects.   An example is if a substance produces a specific result in one person but does not produce that result in other people.
Control group  -- An experiment in which the independent variable is not changed or in which it is modified to something that creates a given, known effect. The purpose of a control group is to make sure it was the change in the independent variable that caused any change that is observed in the dependent variable.
In our hypothetical of determining whether lowering VLCSFAs in diet would reduce VLCSFA levels in ALD patients, a control group would have been ALD patients whose diet was not changed.
Symposium –  A meeting in which the participants exchange information and theories is called a symposium.  Every year, scientists travel to meet, present their research findings, and to talk in hundreds of symposia all over the world. 

Clinical trial – A clinical trial is medical research that tries out new treatments or medicine on people. Strict ethical guidelines govern clinical trials.  Scientists conducting clinical trials must be careful not to hurt the people participating in the trial. Ordinarily if a substance is damaging to laboratory animals, it will not be given to people in a clinical trial. Clinical trials must be reviewed and approved by various committees of scientists before they can be started.
For an excellent web site on the scientific method, see How Science Works from the University of California at Berkeley.
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