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Human Health Lecture notes

Lecture 1 Human Body and Organization

(From highest to lowest)

1.Organism
2.Organ System
3.Organ
4.Tissue
5.Cell
6.Molecule 
7.Atom
Some Functional Characteristics Necessary to Maintain Life

1. Maintenance of Boundaries

To support the specific environment required for the internal processes, it is necessary to maintain separation from the surroundings. The opposite of this state is death (when the body breaks down and is ultimately returned to the environment).

Similarly, at every level of organization of the body, a boundary must be maintained in order to create the environment necessary for a particular structure to conduct specialized processes.

2. Movement

It is necessary to move within our environment to gather the material necessary to support our existence (which is usually found at the shopping center). Limbs and gross structures of our anatomy (like our mouths) have to move in relation to our bodies to use this material. 

Similarly, structures within our bodies (organs such as the heart) move to maintain their specialized functions (such as pumping blood through our vasculature). All cells have a cytostructure designed to move substances between compartments of the cell.

 

3. Responsiveness

The capacity to detect changes in our environment is vital for us to make the appropriate adjustments to our behavior. (Because we can detect a car driving towards, we have the opportunity to respond appropriately and get out of the way.) 

Within our bodies we need to detect the prevailing conditions in order to make similarly vital responses. Factors such as acidity, body temperature, glucose levels and oxygen concentrations must be maintained within certain ideal parameters. Therefore, we have detectors to monitor these conditions and internal mechanisms to produce the necessary response. Without them we could not survive.

4. Digestion and Metabolism

To ensure survival we consume material from our environment (food and water) and absorb this material into our bodies (digestion). These substances usually have to be broken down into their constituent parts to be useful. In many cases the components are reassembled into molecules that are required for cellular and extracellular maintenance. Substances may undergo many transformations before they are ultimately removed from the body. (For example if we eat a lot of sugar it may be converted into glycogen for storage. Later, when there is less glucose available from the diet, glycogen may be breakdown into its component sugar molecules and burned for energy or attached to structures such as receptors or cell membranes.)

5. Reproduction

Because structures in organisms wear out, new ones have to be made to replace them. As cells lose their integrity or functional capacity many are also replaced. We also reproduce to "replace" ourselves and to maintain the survival of our species by having children.

6. Growth

It is necessary to grow from our original form at conception into mature adults capable of independent survival and reproduction. Of course, it is also necessary to grow intellectually and spiritually throughout life to obtain the wisdom to lead a satisfying life and to pass our acquired knowledge to the next generation.

 

Homeostasis

All systems, cells, organs and organ systems have mechanisms to monitor and maintain the conditions necessary to sustain their activity and survival. There are also structures that are designed to perform specific functions for the organism — the cardiovascular system circulates nutrients and gases, the respiratory system exchanges gases with the environment. Each structure must maintain its own existence and is also specialized to provide some benefit for the organism as a whole. Furthermore, structures are designed to monitor and control conditions so that both activities occur under ideal conditions. These conditions are usually set, under normal circumstances, and are the homeostatic conditions. There are situations when set points may have to change because circumstances change so new homeostatic conditions are maintained. 

Homeostasis is maintained by Negative Feedback Mechanisms. 
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A. What constitutes or defines life? 


1. Able to reproduce?  - 

a.Viruses do that but they are little more than a genome and a few proteins.  Takes over host cellular enzymes to replicate itself.

b. Prion is just protein that is able to "infect'" other cells then convert normal proteins in the neurons of the brain to defective ones by acting as a template for the conversion.


2.  When does life start?  When two gametes combined to form a single cell that divides?


3. Generally, life as we know it  has several important attributes

DNA 



a. A genome (DNA) that contains all the information necessary to reproduce more of the organism.  Also contains the information necessary for making all the basic components that make up the organism.  Is the master plan.

energy


b. All living organisms need a source of energy. i.e. stuff that can take into the organism that can be used as fuel to run it.  For bacteria this can be sulfur or iron.  For human it = food.


c. Most organisms respond to stimuli.  i.e. they interact with their environment.  Receptors, sensors of various types.  

Homeostasis d. Most organisms maintain a state of homeostasis.  This means they are able keep the environment within the organism with in a certain range of what would be considered "normal" for that organism.  This can vary widely for each organism.  Includes regulating levels of salts, nutrients, gasses.  Example: maintenance of normal glucose levels in the blood.  Involves a feedback system.


e. Since organisms have DNA information book they are able to pass this info. on to the next generation.  Consists of a series of individual traits that are unique to that particular organism.  If the organism is sexual (not all are) then the traits of each organism can be added to the new organism to produce a new unique individual = inheritance. 


f. Another unique feature of all organisms are their ability to adapt to their environment.  i.e. they evolve.  Generally comes about though mutations that result in ability of the organism to survive more successfully with in a certain environment.


g. Organisms are dependent on other organisms.  = energy/ food chain.  

h. What defines death?

4. Scientific hypothesis.



Scientific theory is based on a testable hypothesis that is born out by reproducible results.



Steps in Testing a Hypothesis -

1) Observe something in nature and pose a theory as to how you think it works = a hypothesis

2) Devise a series of experiments to test whether or not your hypothesis is true.

3) Do the experiments many times and record your results. Involves controls, data collection analysis of results. Analyze your results (data) to determine whether probability supports your hypothesis = statistics.  

4) Repeated testing of the hypothesis over time by many different people will either bear out or negate a hypothesis.  The hypothesis becomes a theory only after numerous tests confirm its correctness.  Since, in many cases you can never test every possible case, your theory is supported by probability with in a certain range that the hypothesis is true.  This is the real meaning of theory in science.

Example:  Hypothesis:  people who wear shoes have less foot injuries.

2. The Chemistry of life

a. The atom

Matter - formed from atoms.  Assumes various states = gas, liquid or solid.

1) Matter formed from atoms.  Matter formed from atoms all of the same type = elements.  Atoms that make up each element are different

2) Atom formed form proton + charge, neutron 0 charge,  and electron - charge.

· Simplest element is hydrogen = 1 proton, 1 electron

· The rest of the elements have neutrons.  Elements all have an atomic # = number of protons.  

· Atomic mass # = the number of neutrons + protons.  

· Knowing these numbers permits prediction of chemical properties.

3) Electrons spin around the nucleus.  The - charge is attracted to the + charge of the proton.  Electrons of like charge repel each other.  

· The spin region of an electron = shell.  Atoms with more than 2 electrons have more energy shells that are further and further away from the nucleus and at higher energy levels.  

· Octet rule - tendency to try and fill each energy shell with 8 electrons.  Those atoms that do not have 8 electrons in the outer shell are chemically reactive.  Those that do have the outer shell filled are not.  Show fig.2.8

4) When two of the the same atom combine or form a union they form a molecule (N2).  They are joined by chemical bonds.  Chemical bonds occur when two or more elements share electrons.

5) Unions between two or more different elements form compounds (H2O)

6).  when chemicals are combined but they do not join in a chemical bond the form a Mixture.


b. Chemical bonds


Ionic bonds
· If an atom looses or gains an electron that is more or less than it normally has then it is no longer neutral, it becomes charged, it becomes an ion. Atoms tend to seek the most stable state (8 electrons in the outer shell).  Thus if sodium, which has one electron in its outer shell is combined with chlorine (that has 7 electrons in its outer shell)  are combined in a way that sodium donates an electron to chlorine each now has more stable configuration in which sodium now has a + charge and chlorine has a - charge.  They now attract each  other  = an ionic bond.  Generally these compounds form salts. 
· A covalent bond is one in which two atoms share a pair of electrons.  Nether atom has enough pull to steal the electron from the other atom so they share them and again reach a stable conformation.  Hydrogen each has a single electron.  Together they form a pair of electrons that is more stable.  Fluorine has 7 electrons each.  Covalently bound they now each have 8 electrons in the outer shell.  Or Fluorine can bind with hydrogen to do the same thing.

· Examples:

· A covalent bond can be electrically neutral = nonpolar or electrically charged = polar compound.  A polar covalent bond is weakly neg. at one end (O) and weakly positive at the other end (H).  Water is a polar covalent bond.

· Hydrogen bonds are weak attractions between atoms in different molecules.  Example:  H20, is covalent bond between 0 and H. but the - charged 0 of one water can form a hydrogen bond to the + charge of the H in another water.

· If water forms a hydrogen bond with other polar compounds (sugar) the compound is called hydrophilic.

· When a hydrophilic compound dissolves in water it is called a solute.  So + sodium is attracted to the neg. end of water and - chlorine is attracted to the + end of the water molecule.

· If no hydrogen bond is formed as in the case of oil, the compound is called hydrophobic.  

c. Acids, Bases and Buffers

· In a living organism even small changes in pH can be disastrous.  But what is pH and how does the body control it?

· Water composed of 2H and O.  
These molecules ionize  to form H+ and OH-  that are found in equal concentrations in pure water.  However, if the ratio of H+ to OH- changes then you form either an acid or base and this is the basis for the pH scale

· The pH scale goes from 1-14 with neutral being at 7.  When you have more H+ ions the solution becomes acid.  The more H+ the lower the pH.  More OH- = base and a higher pH level.  A strong acid has pH of 1like HCL.  A weak acid like lemon juice has a pH of  2.3.  

· So an acid is  something that donates protons or H+ ions to the solution.  While a base is something that adds hydroxy ions or OH- to the solution.   

· A strong acid completely gives up its H+ ions while a weak one does not.  True also for OH- .  Bases neutralize acids by releasing OH- that balances out and combines with H+

Buffers

· One of the best ways that the body can control pH is with buffers that are present in the blood, extracellular space and even within the cells.   

· What is a buffer?  It is when a weak acid and a weak base act together to maintain pH within a certain range.   

· Example of a biological buffer:  carbonic acid H2C03 and bicarbonate HCO3- are buffers.  If blood becomes too acidic, bicarbonate combines with the H+ ions to form carbonic acid.  If the blood does not have enough base carbonic acid can supply H+ ion.  So the acid and base in this case tend to shuttle back and forth to maintain the pH at a point around pH7.   

· Different buffers have differing pH optimal ranges with in which they function best.

d. Organic compounds

· Up to now we have been talking about various types of chemicals that are not necessarily associated with live organism.  They can be but they are also found in many non-living locations.

· So what kinds of chemicals are most often associated with life?  These are called organic compounds, however, they are also not necessarily always part of living organisms.  Example:  The chemical  benzene is an organic compound but is not normally part of living organism.  So all living organisms have organic compounds in them but not all organic compounds are necessarily found in living organisms.  

· What is an organic compound?  One with carbon.  Why is carbon a good building block for making organic compounds found in life?  Because it has four sites that can share electrons with other atoms.  This makes it able to form a large variety of different compounds.

· When other atoms or molecules bind to carbon in place of H these are called functional groups.  A variety of functional groups can then form additional bonds with other molecules to make a biologically active compound.  

· Functional groups can be added to groups of carbon atoms during simple chemical reactions such as the ones we have described above.  But special proteins called enzymes can often perform the reaction faster and more efficiently.  Describe.  Enzymes can synthesize new biological compounds (synthesis rxns.) or they can break them down ( hydrolysis rxns.).  

We will describe briefly some of the various classifications of basic compounds found in living organisms so you will recognize them when we mention them later.

e. Carbohydrates

· Extremely abundant biological compound.  Used as source of energy, found on the surface of cells. Formed from C, H and O in ration 1:2:1.  

· Is formed from sugars that are linked together in various forms.
Basic classifications: monosaccharides, oligosaccharides, polysaccharides.

1) Monosaccharides are single sugar molecules- consists of 5-6 carbon ring with OH and aldehyde or ketone side groups.  Dissolves in water and tastes sweet.  Examples: fructose, glucose, ribose.  

2) Oligosaccharides - short chains ( >2) of monosaccharides linked together.  Two = disaccharide - sucrose, lactose = galactose and glucose.  Oligosaccharides often linked to proteins form hormones, cell surface antigens.  

3) Polysaccharides - Long chain sugars.  Carbohydrates, glycogen, starch, cellulose (plants).

e. Lipids

· Are long chain carbon compounds with functional groups on the end.  In general they are hydrophobic but  in the case of phospholipids they have a hydrophilic end.

· Function as energy source and main component of cell membranes. 

· Different categories include : lipid, fatty acids, triglycerides, phospholipids, sterols. Show examples.

f. Amino acids and proteins


Consists of central carbon atom with an amino group on one end, a carboxy group on the other end and a side group or R group and determines the type of amino acid.  Exceptions are proline and hydroxyproline = Imino acids


There are 20 different amino acids coded for in the DNA and from these different AA are formed proteins.


When groups of amino acids are linked together by peptide bond they form proteins.  

Each of the AA has different set of properties based on the type of side groups that it has.  


Are three different levels of protein structure. Primary, secondary and terterary.

1) Primary structure is the protein sequence itself.  

2) Secondary structure is formed when a particular sequence of AA undergoes folding based on the AA types in the sequence.  Is formed by H bonds and interactions between side groups of various AA types that can fold and swivel. Can form alpha helix or pleated sheet structure. 

3) The secondary structure of a protein causes it to fold around and back on itself  so that it assumes a 3-D structure and side groups within one aspect of the secondary structure can further interact with other side groups some distance down the peptide chain = tertiary structure.

4) When groups of proteins become bonded to each other and interact they form a quaternary structure

5)  Next add sugar or lipid groups to the proteins = glycoproteins and lipoproteins.  

g. Nucleotides and nucleic acids

· Nucleotides are small organic compounds composed of sugars, a phosphate groups and a base.  

· Sugar can be either ribose, or deoxyribose.  The difference between the two is that deoxyribose has 1 oxygen vs ribose that has two.

· The base can have either a single or double carbon ring that contains nitrogen.

· One important nucleotide is ATP (adenosine triphosphate).  3 phosphate groups on the end of  a nucleotide = adenosine.  This is an energy compound because when ATP releases a phosphate to other molecules giving them energy to do something.  In the case of an enzyme it may give it energy to perform a reaction.  So ATP is very important for metabolism (define).

· Nucleotides also form nucleic acids = DNA or RNA = doxyribonucleic acid and ribonucleic acid.   DNA forms the basis for the genetic code.  

· DNA formed from a double strand of deocyribonucleic acids bound to each other in a string by their phosphate groups.  The two strands attach to each other by hydrogen bonds formed between the bases.

· There are four different kinds of deocyribonucleic acids that are different from each other based on their bases.  The genetic code is based on different combinations of these four bases that form the DNA strands linked together to make a chromosome.

· Ribonucleic acid is another type of nucleic acid that has ribose instead of deoxyribose as its sugar.  Also important for genetic code but in a different way than DNA.  Is sort of an expendable genetic message that  the cell uses.  Will discuss more later when we talk about cells. 

3. Cells


a. Introductions


b. Cytoskeleton


c. Plasma membrane


d. Diffusion and osmosis


e. Other methods of membrane transport


f.  The nucleus


g. Mitochondria


h. Cellular metabolism

4.  DNA, Genes and Molecular Biology

A. Dna Structure, Replication And Repair


DNA is a double helix of complementary antiparallel chains.  Worked out by james Watson and Francis Crick in 1953 = beginning of the modern era of molecular biology.  Based on X-ray diffraction patterns and model building.


DNA consists of two associated polynucleotide strands that wind together to form a double helix.  Has sugar phosphate backbone on the outside and base pairs on the interior.


Base pairs are complementary - Adenine binds to thymine and guanine binds to cytosine.

DNA AND RNA SYNTHESIS


Both DNA and RNA are synthesized from DNA template.  To make a copy of either nucleic acid, the two strands of DNA must be separated temporarily by a polymerase = denaturation.


DNA replicates during cell division so that genetic code can be passed on to the new cell.  When this happens,  both strands of the original DNA act as templates for the formation of a second strand.  Copied in a 5' to 3' direction by a DNA polymerase.  Step include a helicase to unwind the duplex, a topoisomerase to remove supercoils and a specialized RNA polymerase to form an RNA primer since DNA polymerase cannot start chains.


After copy the two new DNA molecules each consist of one old strand and one new strand = semiconservative replication.


DNA polymerase has editing function to correct mistakes.  Cell also has DNA repair system consisting of enzymes that monitor DNA for defects caused by UV, chemical, radiation etc.


RNA is transcribed from DNA by RNA polymerase.  Polymerase opens up double DNA strands and forms RNA molecule.  Usually only one strand of DNA is transcribed.


Steps in transcription:

1. Template recognition - binding of RNA polymerase to DNA at promoter.  DNA strands separated with one strand acting as template for base pairing with ribonucleotides

2. Initiation - synthesis of 1st nucleotide bonds in RNA.  Polymerase sits on promoter while first 9 nucleotide bonds synthesized.  Initiation ends when polymerase moves off the promoter.  Promoter is the sequence of DNA necessary for polymerase to bind to the template and accomplish initiation.

3. Elongation - promoter moves along DNA and extends RNA chain.  keeps unwinding DNA and adding nucleotides to the 3' end of the RNA chain.  After polymerase moves on the DNA strand repairs with its complementary strand.  

4. Termination - When no more bases are added to RNA chain.  DNA signal the causes termination = terminator sequence.

5. RNA bases are C, U, A, G.

B.  DNA To RNA To Protein


Central dogma of biology = DNA TO RNA TO PROTEIN.  Should be modified to DNA to RNA to protein back to DNA since the proteins direct the first step in the process.


Three different RNAs  necessary to produce protein:  mRNA, tRNA, and rRNA.


1) mRNA contains the three base code for the protein sequence.  Codes for 20 different AA.  Three nucleotides needed since one would give only 4 posibilities, 2 would give 8 but three gives 43  possibilities or 64.


2) The code is degenerate = redundancies.  


3) tRNA has anticodon and AA binding site.  If you needed exact base pairing there would have to be exactly 61 tRNAs .  But many cells have less than that.  This is possible because of the wobble effect  where the first two nucleotides specify an AA but the third can vary in the genetic code.  So third "wobble" base on the codon is the first base in the anticodon .


4) Step in protein synthesis.  

a. Cap on mRNA links up with small (30s) subunit of ribosome (= preinitiation complex).  

b. Scans down mRNA to find AUG sequence

c. Met tRNA binds to sequence which causes large rRNA subunit to complete the ribosome.  

d. First position on ribosome called the P position.  

e. Next tRNA brings in the next AA into the A position.  

f. An enzyme (peptidyltransferase) links the first AA to the second one.

g. The bonds between the anticodon on the tRNA and the mRNA are broken and the tRNA for the first AA leaves.

h. Another tRNA-AA enters the A position,  the tRNA-AA in the A position moves to the P position and the process continues.

i. Peptide chain is formed and continues until hits a STOP codon.


c. Regulation of gene activity


d. Genetic engineering in the test tube and the whole animal


e. Cancer - inappropriate gene expression.

Examination #1

5. Body Systems


a. Introduction to systems


b. Basic tissue types



1. Epithelia + cell to cell contact



2. Connective tissue



3. Muscle tissue



4. Nervous tissue


c. Organ systems - Putting the cells together


d. Homeostasis and System Controls

6. The musculo-skeletal system


a. Bone


1) Bone and cartilage


2) Bone growth and remodeling


3)The axial skeleton


4) The appendicular skeleton


5) Joints

b. Muscle


1) Muscle types


2) Control of muscle contraction


3) Skeletal muscle function

7. Digestion and Nutrition


a. Overview of the gastrointestinal (G.I. tract )


b. Glands associated with the GI tract - Liver, pancreas, gall bladder.


c.  The bodies nutritional requirements.


d. Food, energy and bodyweight

8. Blood And Circulation


a. Blood components and formation, and function


b. Getting blood where its going - the cardiovascular system


c. Cardiovascular function - how the system works

Examination #2

9.  The immune system

a. Three lines of defense


b. Cells of the immune system


c. Glands of the immune system


d. Cell-mediated immunity


e. Antibody mediated immunity


f. Complement


g. inflamation

10. The Respiratory system


a. The lungs


b. Control of gas exchange

11. Water-Salt Balance and Excretion


a. How the system works and who does what


b. The kidneys


c. Hormones that influence water and salt balance


d. Acid-base balance

12. The Nervous system


a. The neuron

b. How the neuron works - action potentials, the synapse and neurotransmitters. 


c. Information transfer


d. A general layout of the nervous system


e. The peripheral nervous system


f. The brain and spinal cord.

Examination #3

13. Sensory Reception


a. How the body senses its surroundings


b. Types of sensory receptors - an overview


c. Taste, smell


d. Hearing


e. Vision

14. Hormones


a. The endocrine system overview


b. How hormones work


c. The pituitary


d. Control of glucose metabolism


e. Thyroid


f.  Electrolyte control


g. Calcium control


h. Controlling growth

15. Reproduction


a. Female reproductive system


b. Male reproductive system


c. Pregnancy and birth control

16. Development and Aging


a. Fetal development


b. Childhood


c. Puberty


d. Aging 

Examination #4

General Course Grading Policy

Examinations - Four examinations will be held throughout the course. Each examination worth 100 points.  The final grade for the course will be based on the percentage of points obtained by the student during all examinations out of the total possible number of points. No curve will be applied to grading in this course. Letter grades will be assigned on the following percentage basis:


A = > 90%


B = 80% - 90%


C = 70% - 80%


D = 60% - 70%


F = below 60%

Policy regarding examinations:

No attendance is taken for class during this course.  The choice to attend class is yours, however, you are still responsible for all material in the course.  If you choose to attend a class, please arrive to class on time.   In addition, if you attend class you are expected to remain until the end of class.  Leaving in the middle of a class without notifying the instructor of the reason prior to the start of a class will result in loss of five points from the final grade for each incident.


All questions concerning points and grades for a given examination must be settled by the end of the third school day following the day that the examination is returned to the student. After this time period, the grade will become permanent.


Other than clerical or mathematical errors, students who wish to challenge a response on an examination when their answer differs from the graded answer must do so in writing. The student may cite references from any published text to justify their response, however, personal notes and recollections from lecture are not acceptable. 


Absence from examination will be excused only by 24 hr. PRIOR notification of the instructor. Exceptions to this rule included illness verified by a medical doctor or family or personal emergency in which case the instructor must be notified as soon as possible.
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