1. Major Themes in Biology and Health

Atoms
· Atoms are the building blocks for every physical thing
· An element is composed of one type of atom
· Atoms contain
· Protons (positive charge)
· Electrons (negative charge)
· Neutrons (neutral)
· Atomic structure
· The center of the atom is the nucleus; it contains protons and neutrons
· Electrons move around the nucleus in orbitals due to the attraction of opposite charges
· Human body: carbon, hydrogen, oxygen, nitrogen

Chemical Bonding
· If the outer orbital is full, the atom is stable
· If there are vacancies, the atom is reactive
· Atoms like sodium and chloride will bond to fill those vacancies, creating salt

Molecules
· Some atoms share electrons to complete their outer shells, creating a chemical bond
· Chemical bonding combines atoms into molecules

Macromolecules
· play a major role in the cell 
· formed from sub-units
· nucleic acids
· DNA & RNA
· made from nucleotides
· proteins
· regulate chemical reactions in cells
· protein rich foods contain amino acids
· act as transporters
· lipids
· glycerol & fatty acids make up lipids
· excellent energy
· make up cell membranes
· carbohydrates
· glucose
· strings of glucose forms starch


The Cell Theory
1. All organisms are composed of one or more cells
2. The cell is the smallest unit that has the properties of life
3. Cells arise only from the growth and division of preexisting cells
· The cell is an organism’s basic unit of structure and function
· The cell membrane regulates what can enter and leave the cell
· The cell must regulate and coordinate several processes, otherwise disease may result

Energy Extraction & Use
· Metabolism refers to all the chemical reactions in a cell that sustain life
· The sun is the ultimate source of energy:
· Plants capture energy from light to make sugars
· Organisms extract energy from the food they eat
· Energy is stored in chemical bonds and is used for a variety of cellular functions
· takes energy to make sugar
· producers, consumers, decomposers
· trophic levels
· as energy passes through trophic levels, it gets lost through heat

The energy and carbon economy of an ecosystem
· Ecosystem -> Interactions of living and non-living components
· Interactions result in cycling of nutrients
· Global scale
· Plants & other photosynthetic organisms have generated all of the O2 in the air
· Human interactions can have drastic consequences
· CO2 in atmosphere & global warming
· Energy transformed from one form to another. 
· Producers
· Consumers
· Decomposers
· Trophic Level: A particular position occupied by a group of organisms in a food chain.
· Energy loss (heat) as it transitions btwn trophic levels

Chemical Reactions & Enzymes
· Chemical reactions in cells
· Break molecules into smaller components
· Join molecules into larger structures -- Need energy input
· Enzymes 
· are proteins that speed up chemical reactions
· every reaction needs a little kick of input energy
· enzymes lower activation energy
· Enzymes are often controlled by negative feedback control

Feedback mechanisms regulate biological systems
· Regulation is a necessary function of life.
· Feedback in a system regulates biological reactions. 
· Negative feedback loop -- the product of the loop inhibits the process of the loop 
· Product of enzyme-catalyzed pathway acts as a regulator of the reaction
· Helps conserve cellular resources
· Mechanism is allosteric regulation

How Do Organisms Reproduce?
· Some organisms inherit genes from two parents
· Each parent has a different combination of alleles
· The unique combination of inherited alleles makes each individual genetically different
· Copying DNA
· The first step in reproduction is to copy the DNA
· When the cell divides, each daughter cell receives a copy of the DNA
· DNA copying is very accurate, but errors called mutations can occur
· When a mutation occurs in a gene, it makes a new allele
· Pathway of information flow
· information stored in DNA
· copied into RNA (transcription)
· information is read by ribosomes and guides the production of proteins
· Asexual reproduction
· involves a single parent; 
· daughter cells are genetically identical.
· prokaryotic cells
· mitosis
· Sexual reproduction
· fuses two gametes; 
· daughter cells are genetically unique.
· increases genetic diversity
· meiosis
· genetic recombination
· chromosomes exchange material
· increases sexual diversity
· Reproduction is necessary
· Living organisms are part of a chain of ancestors and descendants, leading to genetic continuity
· Mutation and sexual reproduction guarantee genetic diversity from one generation to the next--the basis for evolution
· Reproduction allows cells to be replaced when they die

Inheritance
· Inheritance involves passing information from one generation to the next
· For humans, this genetic information is contained in sperm and egg cells
· each one has 23 chromosome pairs

Evolution accounts for the unity and diversity of life
· "Nothing in biology makes sense except in the light of evolution.”
· Theodosius Dobzhansky (one of the founders of modern evolutionary theory)
· Organisms are modified descendants of common ancestors
· Evolution explains patterns of unity and diversity 
· Similar traits among organisms are explained by descent from common ancestors
· Differences among organisms are explained by the accumulation of heritable changes
· Defined
· In a population, some alleles are common, while others are rare
· Evolution occurs when the frequency of alleles changes in a population over time
· Charles Darwin and the Theory of Natural Selection
· Darwin published On the Origin of Species by Means of Natural Selection in 1859
· The two main points in "The Origin of Species" are 
· Descent with modification (species currently in existence arose from a succession of ancestral species)
· Natural selection (differential mortality and fertility, the method by which modification occurs).
· Darwin’s observations
· Most organisms produce more than one or two offspring
· Populations cannot increase in size indefinitely
· Food and other resources are limited for most populations
· -- Individuals within a population compete for limited resources
· Individuals within populations exhibit variability in many characteristics
· Many variations have a genetic basis that is inherited by subsequent generations
· -- Hereditary characteristics may allow some individuals to survive longer and reproduce more than others
· Evolution via natural selection
· Natural selection acts on the phenotype, or the observable characteristics of an organism.
·  The genetic (heritable) basis of any phenotype which creates a reproductive advantage will become more common in a population.
· A population’s characteristics will change over the generations as advantageous, heritable characteristics become more common.
· Over time, this process results in adaptations that specialize populations for particular roles and may eventually result in the emergence of a new species.
· Extending Darwin’s Theory
· As species change, they become better adapted to their environment
· If species change enough, new species may arise
· Evolution is the Unifying Theme in Biology
· All forms of life are related
· Vertebrates are diverse but show many similarities in body structure

Diversity
· Diversity refers to the variety of life forms in the natural world
· Biodiversity
· Number of species of organisms
· Life exists from ocean floor to the atmosphere
· Approximately 1.3 million species have been named to date
· Recent estimates say there are 30 million living species
· Estimates say there are 50 billion that have gone extinct
· Why should you care?
· Biodiversity of plants, fungi, & bacteria has allowed development of therapeutic drugs
· Biodiversity can dilute the spread of vector-borne infectious diseases
· Evolutionary Diversification Leads to Degrees of Relatedness
· Evolution results in diversity with a distinct pattern, similar to a family tree
· Species that shared a recent common ancestor have similarities in genetics, appearance, behavior
· Biologists can organize species into a hierarchy
· Organizing Hierarchies in the Diversity of Life
· Carolus Linnaeus defined a hierarchical classification for living organisms
· Each species has a unique scientific name
· Reflects the evolutionary history of organisms
· 3 Domains of Life
· Bacteria
· Archaea
· Eukarya
· created by looking at ribosomal DNA
· world is thought to have been based on RNA
· Unity in the diversity of life
· Example
· DNA is the universal genetic language common to all organisms
· Unity is evident in many features of cell structure
· New properties emerge at each level in the Biological Hierarchy
· Emergent properties due to arrangement and interactions of parts as complexity increases
· Reductionist versus Holistic approach
· Systems biology attempts to model the dynamic behavior of whole biological systems based on studying interactions of its parts
· In The School of Public Health and Health Systems Holistic or Systems-Based Approach to Health

Health Definitions
· Bio-medical model of health 
· Lack of disease
· Reductionist
· Health as a Resource or Capacity
· Determinants of Health -- Not just your Biology!
· Many different conceptual models for health determinants 

2. The Scientific Method

Robert Koch
· He studied anthrax, a scourge for farm animals and farmers
· Showed that anthrax is caused by  specific micro-organism
· He also showed that the bacterium could produce spores which could germinate to create new bacterial cells
· Koch’s postulates
· Rules to establish whether a particular micro-organisms causes a particular disease
· Koch won the Nobel prize in 1905 for his work on the germ theory of disease

How Does Science Work?
· The scientific method is a set of procedures scientists use in their investigations
· It is not always followed step by step
· Scientific method begins with observations (what you can see, hear, etc.) and facts (things you know to be true) about the natural world
·  It continues with a hypothesis (a possible cause for what is being studied) and a prediction (educated speculation about what an outcome will be)
· Finally, results are tested and evaluated
· Scientific method is usually done with a controlled experiment (next slide) in which a scientist keeps all variables the same except the one under investigation
· The experiment is repeated, and if the results are the same, confidence in the hypothesis increases
· The hypothesis is never proven, though
· Theories are similar to hypotheses, but they provide a bigger picture of how some aspect of nature works. A theory may weave together supporting evidence from several scientific fields. 
· Like hypotheses, however, theories are only supported by the evidence, not proven

Controlled Experiment
· Research subjects split up into two groups
· Control group 
· Experimental group
· Both groups treated the same way except for one factor
· Called the independent variable whose effect the experiment is designed to show
· Additional variables that have not been controlled for are called confounding variables

Null Hypothesis
· If there is a difference in the results of experimental treatment vs. controls
· What is the probability this is due to chance alone?
· The hypothesis that the experimental tmt had no effect is the null hypothesis
· If the probability (p) of the observed difference is less than 1 in 20 (p <= 0.05)
· Null hypothesis is disproved
· Observed difference is significant

Repeatability
· Experiments must be repeatable and yield similar results
· If not, there must be some unrecognized (i.e. uncontrolled) factor in the experiment
· Results should be published 
· Other scientists must be able to follow the same procedure and obtain a similar outcome
· Hypotheses that have been confirmed repeatedly by many observations come to be called theories

Hypothesis Testing and Scientific Proof
· Science is based on a type of logic known as inductive reasoning – the search for general truths from specific observations
· Example
·  Our hypothesis is that the sun orbits the Earth once a day
· This predicts that the sun will rise in the east and set in the west every day.  It does, but our hypothesis is still false
· We neglected to consider another hypothesis: The Earth rotates around its axis once a day

Inductive & Deductive Reasoning
· Inductive reasoning 
· Facts are accumulated via observation until the sheet weight of evidence allows a logical general statement to be made
· Statement that “all living things are composed of cells”
· Deductive reasoning 
· Begins with a general statement that leads logically to one or more conclusions: if-then series of associations
· Can be used for making predictions 
· If oatmeal consumption lowers blood cholesterol levels, then a person will lower his blood cholesterol level by eating a bowl of oatmeal for 6 weeks

What Assumptions Does Science Make About Nature?
· Science assumes that the rules for cause and effect hold for all natural phenomena 
· Every event in nature has a cause, and since cause and effect are related, a scientist can learn about causes by observing the effects that occur
· If a scientist sets up the correct causes (conditions), the effects (results) can be predicted in advance
· Assumes that events are consistent and repeatable
· Also assumes that effects in the natural world all have natural causes, rather than supernatural ones – known as materialism
· This is required for science to work.  
· Sometime conflicts with other approaches to knowledge, particularly religion

What Are the Principal Features of Science?
· Science is based on evidence rather than on opinion or belief
· Empirical evidence is information that one gets from direct observation, from experience, or from the results of experiments and other tests of hypotheses 
· Science has a commitment to testability – a procedure for determining the evidence in support of a hypothesis
· Means that the hypothesis must be falsifiable – a test that is able to be proven wrong
· Although most investigations are narrow in scope, scientists are still interested in the generality of their work – how widely it applies to situations other than the one being tested

How Does Science Differ from Other Ways of Knowing?
· Science has been very successful, but this does not mean that it is superior to other ways of knowing
· Other areas attempt to address other types of questions using methods appropriate for their subject area

How Does Science Differ from Pseudoscience and Quackery?
· It is important to know the difference between science and pseudoscience (fake science) 
· Creationism is an example of pseudoscience
·  It is the idea that a divine being created all the species in a single event
· While it may be a valid theological notion, it is not a scientific hypothesis
· Creationists sometimes will make up “facts.”  In contrast to claims made by creationists, evidence clearly shows that dinosaurs and humans did NOT inhabit the Earth at the same time
· It is also important to know the difference between science and quackery (promoting the use and/or purchase of remedies even when there is no scientific evidence or plausible rationale for their effectiveness)
· Quackery is even worse – they take advantage of people when they are sick and vulnerable
· The claims are all over the place, from a supplement that will cure fatigue to a copper bracelet that will reduce arthritis
· Science tells us that anti-inflammatory medications are better than copper bracelets – which would you try?
· Evolution predicts that species have changed over time, and the fossil record evidence from embryos and molecular studies confirm it

3. Cell Structure & Function

Cell Theory
· As microscopes improved, scientists recognized that all organisms are composed of cells
· The cell theory was proposed in 1839
· All organisms are composed of one or more cells
· The cell is the smallest unit that has the properties of life
· Cells arise only from the growth and division of preexisting cells

Anton Van Leeuwenhoek
· made over 500 microscopes & looked at specimens
· Observations essential to understanding the cellular basis of reproduction
· proposed that sperms enter an egg

What are the basis structures of animal cells?
· Each of us developed from a single, eukaryotic cell containing a nucleus and organelles
· “The mansion of our birth”: Albert Claude
· Organelles are important in the development of multi-cellular organisms
· Common features of these cells provide evidence for a common ancestor

Cell Membranes
· Made of lipids and proteins
· Plasma membrane surrounds cell
· Protects cell’s internal environment
· Cytosol: semifluid ‘brew’ of salts, nutrients, and proteins
· Acts as a permeability barrier
· Other membranes surround organelles 
· phospholipid bilayer in the cell membrane
· hydrophilic phospholipid heads
· hydrophobic “tails” (fatty acids)
· Phospholipds line up tail-tail spontaneously

Lipids & Health
· Doctors test for three types of lipids in blood: 
· LDL (bad cholesterol), HDL (good cholesterol), and triglycerides
· There are 600 different types of lipids in human plasma
· Many are associated with diseases: diabetes, stroke, cancer, arthritis, Alzheimer’s disease
· Prostaglandins are inflammation-producing hormones made from lipids

Nucleus
· Information center
· Contains DNA in form of chromatin
· Where DNA is transcribed into RNA
· Surrounded by double-membrane called nuclear envelope
· Nuclear pores for transport in and out of nucleus
· Nucleolus: packaging of ribosomal components

Endomembrane System
· Produces important molecules (proteins & lipids) and delivers them to key locations within and outside the cell;  Consists of:
· Endoplasmic reticulum: “protein clothier and lipid factory”
· Rough ER: 
· studded with ribosomes, produces “secretory” proteins
· Smooth ER: 
· synthesis of fats and lipids; breaks down and eliminates toxic substances
· Golgi apparatus: 
· “Finishing, Packaging, and Mailing Centers”
· adds finishing touches to proteins made in RER
· Lysosomes: 
· “Recycling Centers and Garbage Trucks”
· various transport vesicles
· Secretory destined for exocytosis 
· Endosomes: 
· vesicles containing materials brought into cell from the extracellular fluid via endocytosis

Ribosome Blockers
· All cell’s contain ribosomes
· Including bacteria
· Composed of proteins and RNA
· Free ribosomes in cytosol -- cytosolic proteins
· Ribosomes attached to Rough ER -- secretory proteins
· Function in synthesis of proteins (polypeptides)
· Many antibiotics target bacterial ribosomes
· Differ in structure from human ribosomes
· X-ray crystallography used to examine molecular structure

Mitochondria 
· Cellular power plants
· Site of aerobic respiration -- Formation of ATP in presence of oxygen
· Surrounded by inner and outer membranes
· Inner membrane has dense infoldings called cristae to greatly increase surface area 
· -- Jam packed with ATP-synthase enzymes
· contain DNA & machinery to transcribe it into RNA and translate RNA into proteins
· Resemble prokaryotes in many ways
· Theory of endosymbiosis 
· states that mitochondria are descendants of oxygen-loving bacteria

Organelles and Human Diseases
· Mitochondrial Disorders
· Human mtDNA contains 37 genes:
· Defects in Mitochondrial genes can cause disease
· Maternal inheritance
· Each human cell has 100s mitochondria, each with 2-10 copies of mtDNA 
· -- variability in severity of genetic defects
· Muscle/Nerve Tissue: 35 myopathies, several affecting nerve function
· - Hypertrophic cardiomyopathy, mitochondrial encephalomyopathy
· Lysosomal Disorders
· Over 40 heritable lysosomal storage diseases
· Harmful accumulation of polysaccharides or lipids
· Defective proteins:
· Key enzymes for degradation
· Transport of degradation products out of lysosome
· Targeting of lysosomal proteins to the lysosome
· Tay-Sachs disease: 
· Defective lysosomal enzyme which cleaves a glycolipid
· Accumulation of glycolipid ganglioside GM2 in nervous tissue 

Cytoplasm, Cytosol and Cytoskeleton
· Cytoplasm: 
· Portion of cell not occupied by nucleus
· Contains cytosol and organelles
· Cytosol: 
· semifluid, gel-like substance, in animal cells cytosol is half of internal volume
· Site of many enzymatic reactions, initial steps of energy metabolism
· Cytoskeleton: 
· 3-D array of interconnected microfilaments, microtubules, and intermediate filaments
· Dynamic matrix that maintains cell shape
· Cell movement and cell division
· Contraction of muscle cells, beating of cilia and flagella
· Highway for active transport of organelles and macromolecules

4. Human Development & Reproduction 

How Do Eggs and Sperm Form?
· Sexually reproducing organisms make gametes (sex cells)
· X & Y are the sex chromosomes
· Eggs and sperm are produced by meiosis
· Sperm are formed in the testes
· Eggs are formed in the ovaries

Human Chromosomes
· 46 chromosomes organized into 23 homologous pairs
· Meiosis halves the number of chromosomes
· Begins with a single diploid cell (two sets of chromosomes) 
· Ends with four haploid cells (one set of chromosomes)

Meiosis I: The First Round of Cell Division
1. Interphase
a. Growth 
b. Chromosomes replicate
2. Prophase I
a. Chromosomes condense
b. Nuclear membrane dissolves
c. Spindle forms
i. Centrioles form a centrosome
ii. The matching chromosomes from mom & dad (homologues) pair up
3. Prometaphase I
a. cross-over and genetic recombination occur btwn matching sections
4. Metaphase I
a. Homologues line up in the center
5. Anaphase I
a. Homologues separate to opposite poles
6. Telophase I
a. Nuclear membranes form
7. Cytokinesis
a. Cell pinches in two
· Each daughter cell (2) is haploid

Meiosis II: The Second Round of Cell Division
1. Prophase II
a. Chromosomes attach to the spindle
2. Metaphase II
a. Chromosomes line up in the center
3. Anaphase II
a. Chromosomes separate
4. Telophase II
a. Nuclear membrane reforms
5. Cytokinesis II
a. Cells pinch in two
· End result of meiosis is four haploid daughter cells.

Spindle Errors
· Nondisjunction
· ending up with an abnormal # of chromosomes
· polar bodies disintegrate
· ex. Trisomy 21 – Down syndrome

Mechanisms That Contribute to Genetic Diversity
· Genetic recombination (crossing over) during prometaphase I
· Random segregation of maternal & paternal chromosomes @ prometaphase/metaphase1
· Alternative combinations at prometaphase/metaphase II
· Random fertilization (1 out of the many sperms gets to the egg)

What Happens in Fertilization?
· During fertilization, a sperm fuses with an egg to form a diploid zygote
· The zygote has one set of chromosomes from each parent
· Occurs in the fallopian tubes of the female
· Sperm deposited in vagina, swims to fallopian tubes & fertilizes
· natural selection -- best swimmers tend to have no genetic mutations
· Ectopic pregnancy
· fertilization/implantation happens in the uterine tube (dangerous)
· Zona pellucida: 
· protective covering around the egg
· The sperm binds to the surface, triggering fusion
· If fertilization is not successful, the egg is absorbed

How Do We Know Eggs and Sperm are Both Needed for Fertilization?
· Lazzaro Spallanzani placed trousers on male frogs that inhibited fertilization
· Oskar Hertwig observed that the nuclei of the egg and sperm fuse, combining genetic information

How Does an Embryo Form a Fetus?
· After fertilization, embryogenesis begins with cleavage, which forms the embryo
· Cleavage occurs via mitosis
· Chromosomes are replicated and passed onto daughter cells
· Daughter cells are genetically identical to parent cell

Mitosis 
1. Interphase
a. Chromosomes replicate
b. Each chromosome consists of two identical chromatids
c. Cell grows
2. Prophase
a. Chromosomes condense
b. Nuclear membrane dissolves
c. Spindle forms
3. Metaphase
a. Chromosomes line up in the center
4. Anaphase
a. Spindle fibers pull  chromatids apart
b. Chromatids migrate to separate poles
5. Telophase/Cytokinesis
a. Nuclear membrane reforms
b. Cell pinches in two

Blastocyst
· The beginning of specialization
· Inner cell mass: 
· small group of internal cells that will become the embryo proper
· source of embryonic stem cells
· Outer cells
· form the placenta: the organ the connects the developing fetus to the mother’s uterine wall and provides for exchange of nutrients and waste elimination
· Blastocyst implants into uterine wall -- pregnancy established!

Gastrulation
· Cells move to new locations and grow into tissues & organs. 


Organization of the Animal Body 
· Cells 
· Are specialized and organized into tissues
· Tissue 
· A group of cells with the same structure and function, 
· working as a unit to carry out one or more activities 
· Organ 
· An assembly of tissues integrated into a structure that carries out a specific function
· Organ system
· A group of organs that carry out related steps in a major physiological process

Animal Tissues
· Epithelial tissue 
· forms protective, secretory, and absorptive coverings of body structures 
· Connective tissue 
· supports other body tissues 
· Muscle tissue 
· produces the force for body movement 
· Nervous tissue 
· receives, integrates, and transmits information

Cell Junction
· Junctions link cells in a tissue
· Anchoring junctions “weld” cells together 
· Tight junctions seal cells into a leak-proof layer 
· Gap junctions form direct avenues of communication between the cytoplasm of adjacent cells in the same tissue

Organ Formation
· Folding of tissue to form tubes
· folding up ectoderm tissue to form neurol tube
· top creates brain, bottom created spinal cord

Cellular Specialization
· every cell has the same material but different function

Differentiation
· The zygote can produce any type of cell; adult cells are specialized
· The change in cells from unlimited potential to cells that are specialized is cell differentiation
· Cells take on specific structures and functions
· Zygote cells in early stages are not committed
· Cell differentiation depends upon
· Cell communication via chemical signals
· Gene expression
· different genes are “turned on” in different cells controlled by transcriptional regulators (aka Transcription factors)

5. Inheritance, Genes, & Phenotype

Malaria
· an infectious disease caused by a parasite 
· plasomodium falciparum
· protozoan (a single-celled organism) 
· carried by a vector mosquito
· once injected into humans, will reside in the red blood cells (the cells that carry oxygen in the blood)
· Currently, no vaccine against malaria is available

Sickle Cell Disease
· an inherited disorder where red blood cells appear sickle shaped
· more than 20% of individuals living near water had the sickle cell trait
· Dr. James Herrick examined some blood taken from a person with anemia, a disease in which a person is deficient in hemoglobin (the protein that carries oxygen in the blood)
· He noticed that the red blood cells were sickle-shaped
· Later, it was discovered that the red blood cells would become sickle-shaped under a low-oxygen condition
· Sickle cell disease is the most common inherited blood disorder in the United States
· Normal red blood cells
·  are flexible
· Sickle cells
· are rigid and can get stuck, forming blood clots
· A whole host of physical symptoms result from this disease
· Sickle cell disease results from inheriting an abnormal gene that codes for hemoglobin
· HbA: normal hemoglobin
· Once HbA gives up oxygen, it goes back to its normal shape.
· HbS: abnormal hemoglobin
· Once HbS gives up oxygen, it forms long fibers. 
· Inheriting HbA means that the person will not have sickle cell disease
· Inheriting one copy of HbA and one copy of HbS means that the person will be a carrier of the disorder
· To get sickle cell disease, the person has to inherit one copy of HbS from the mother, and one copy of HbS from the father


Could Molecular Medicine Prevent Sickle Cell Disease?
· Linus Pauling wanted to see if the sickle cell disease could be studied, prevented or cured at the biochemical level
· Began by studying HbA and HbS to see if they were chemically different 
· -- using electrophoresis of Proteins (i.e. HbA & HbS) NOT DNA. 
1. restriction enzymes cut DNA into segments of different sizes
2. DNA segments are placed into wells/slots in a porous gel
3. electric current passes through the chamber, DNA fragments move towards the positively charged end
4. smaller DNA segments migrate the furthest and fastest; large ones migrate the least far and the slowest
· The HbA & HbS had a different distribution and localization of electrical charges on their surfaces
· He also demonstrated that carriers contained an equal mix of HbA and HbS
· He was able to show that one could trace the cause of a disease to an alteration in the structure of a protein
· Pauling argued that because sickle cell disease was inherited, genes must determine the structure of proteins
· It wasn’t until much later that the exact difference between HbA and HbS was discovered  
· Vernon Ingram was able to show that they differ in just one amino acid (the building blocks of proteins)
· Normal -- Glu, hydrophilic
· Sickle -- Val, hydrophobic

Where Is Our Genetic Information Stored?
· Many theories tried to explain how heredity worked
· Pangenesis
· an idea that each part of the body produced a characteristic seed that traveled to the reproductive organs. 
· This theory was debunked by August Weismann in the 1880s
· Mendel
· first person to use the scientific method to study inheritance 
· Popular belief at the time was the blending theory of inheritance
· Traits blend evenly in offspring via mixing of parents’ blood
· Mendel pea plant experiments disproved this
· Quantitative rules of inheritance

How Did Mendel Discover the Rules of Inheritance?
· Mendel chose garden peas to experiment
· simple to cultivate and matings may be controlled
· focus on one trait at a time
· ex. flower colour, pod colour, stem length
· follow the cross for more than one generation
· collect quantitative data
· he counted the number of progeny possessing a trait and kept detailed records
1. Mendel manually pollinated purple & white flowers (P generation)
2. In the 1st generation (F1), all of the plants had purple flowers
3. Mendel crossed the purple flowers using either self- or cross-pollination
4. In the 2nd generation (F2), 705 plants had purple flowers, 224 had white flowers
· Mendel concluded that purple was dominant to white and that flower colour must be regulated by 2 hereditary factors
· The experiment yielded two important results:
· The white trait disappeared in the results of the first cross but then reappeared in the next cross.  Therefore, purple must be dominant to white.
· Flower color must be regulated by two factors. 
· These factors are sorted into different gametes
· Mendel didn’t know about meiosis or gametes, but he knew that there had to be two independent factors, one purple, one white.
· Traits are easier to see when doing a monohybrid cross, a type of cross where only one trait is under investigation
· Mendel’s Hypotheses
1. Adult plants carry a pair of factors (genes) that govern inheritance of each character (trait)
2. If two alleles of a gene are different, one allele is dominant over the other
3. Two alleles of a gene segregate (separate) and enter gametes singly
4. Alleles of genes that govern two different characters segregate independently during formation of gametes
a. Independent assortment during meiosis -- Only for unlinked genes (i.e. genes NOT on the same chromosome)!
· we can apply these rules to most organisms that sexually reproduce
· Ex. a person with sickle cell disease has two genes, each of which codes for HbS
· Someone with normal red blood cells has two genes that code for HbA
· A carrier has one of each
· research revealed basic info about inheritance
· genes come in multiple forms/alleles
· alleles of a gene are sorted individually into gametes during meiosis
· certain traits exhibit dominant/recessive relationship
· How Much Do Mendel’s Rules Explain? 
· most genes affect more than 1 characteristic
· ex. people w/ SCD are less susceptible to malaria
· Mendel’s rules do not completely explain inheritance
· Inheritance can be much more complicated:
· Alleles can interact, so can genes with each other
· In sickle cell disease, one copy of the sickle cell allele cannot totally dominate the normal HbA allele.  They interact, which is why the carrier has a mild form of the disease. 
· Genes can also interact with one another in different ways
· Different alleles determine your pigmentation.  But if a person has a “no pigmentation” allele, it doesn’t matter what the other allele is, the person will be an albino.
· Genes do not always affect just one characteristic
· Most genes affect more than one characteristic
· We have already seen this in sickle cell disease (those people are less susceptible to malaria)
· This is also seen in cystic fibrosis a disease in which a thick mucus accumulates in the lungs and digestive system -- mutation in membrane chloride channel
· Carriers of the CF allele are resistant to cholera and other intestinal diseases
· Gene expression depends on the environment
· Flowers of Hydrangea will vary depending on the acidity of the soil
· Carp are a slender fish if they develop in the absence of predators.  If they are present, body shape changes.
· epigenetic code controls gene activity
· controls gene activity with chemical tags that mark DNA (purple diamonds) and the "tails" of histone proteins (purple triangles).
· These markings help determine whether genes will be transcribed by RNA polymerase. 
· Genes hidden from access to RNA polymerase are not expressed.
· Identical twins have same genome
· Differences in phenotype are caused by environmental factors
· Many of these are acquired via the epigenome

Inheritance Patterns for Single-Gene Disorders
· Autosomal recessive inheritance 
· 2 bad copies of a gene tend to skip generations (parents are usually unaffected)
· Autosomal
· non-sex chromosome
· Autosomal dominant inheritance
· only 1 parent needs to have the gene to pass it on

Pedigree Analysis
· genetic counselling
· looks @ family history & makes pedigree chart
· not very useful for looking @ more complicated diseases

What Are Genes Made Of?
· Genes are made of DNA (deoxyribonucleic acid)
· They are composed of subunits called nucleotides.
· Each nucleotide has a phosphate group, a sugar (deoxyribose), &  a nitrogen containing base:
· adenine (A)
· thymine (T)
· guanine (G) 
· cytosine (C)
· double helix strand
· nitrogen containing bases control DNA
· bases form a hydrogen bond

Rosalind Franklin
· figured out a way to crystallize single strands of DNA 
· took x-ray photos of it
· Watson & Crick stole her data & published their famous Model of DNA as a spiral staircase-shaped double helix
· 1962: Nobel prize to Watson, Crick, and Wilkins
· discovered structure of two strands that are complementary reveals how genetic info is stored, transferred, and copied

How Does DNA Function?
· Frederick Griffith’s experiment demonstrated that there was a substance that could transform bacteria.
1. injected mice w/ living smooth bacteria
a. mice died
2. injected mice w/ living rough bacteria
a. mice remained healthy
3. injected mice w/ dead smooth bacteria
a. mice remained healthy
4. injected mice w/ a mixture of dead smooth and living rough bacteria
a. mice died
· When Griffith examined the cells of the dead mice, noticed that all of the bacteria were smooth
· The cells of the living rough bacteria were transformed by the cells of the dead smooth bacteria
· Happened b/c of horizontal gene transfer
· Bacteria can share DNA & become resistant
· Avery, MacLeod, and McCarty demonstrated that DNA was the material responsible for transforming the bacteria. 
1. They killed smooth bacteria
2. Then used enzymes to eliminate carbohydrate, protein, fat, RNA, or DNA from the virulent filtrate
3. Combined each filtrate from which one type of molecule had been eliminated w/ the rough bacteria
· Only the mixtures containing DNA combined w/ rough bacteria resulted in the appearance of smooth bacteria
· DNA was the transforming substance 

What Processes Must DNA Accomplish?
· The molecule of inheritance must accomplish three functions:
1. It must replicate.
a. Replication is the process by which the double helix of DNA unzips and new strands form.
b. Because of the base pairing rules, the information for replication is built right into the molecule.
c. The strands separate, with each strand serving as a template to make a new strand. 
d. Many enzymes involved in the process --  DNA polymerase, enzymes to unwind helix, etc. 
2. It must be able to mutate.
a. A mutation is a change in the sequence of DNA. 
b. If mutation didn’t occur, then life would never change.
c. Most of time, no physical change can be detected. 
d. Other times, the change can be lethal, cause a disease, or confer a selective advantage.
e. Some mutations occur “spontaneously” during replication 
i. built-in proofreading mechanisms may miss
f. Some occur as result of exposure to mutagens
i. UV light, radiation, industrial chemicals, tobacco smoke, viruses
ii. If DNA repair mechanisms fail mutation persists  
3. It must somehow direct the production of the proteins responsible for physical changes. 
a. Three aspects of producing proteins:
i. Genetic code 
1. Information
a. 4 nucleotide bases in DNA or RNA sequences
i. DNA: A,T,G,C	-- RNA: A,U,G,C
b. 20 different amino acids in polypeptides
2. Code
a. One-letter words: Only 4 combinations
b. Two-letter words: Only 16 combinations
c. Three-letter words: 64 combinations
d. more combinations than # of amino acids (redundancy)
e. when RNA is carrying out transcription, it reads off template strand & creates complementary strand
ii. Transcription
1. Intermediaries are produced for proteins to be produced, called RNA.
2. RNA is different than DNA:
a. Ribose, not deoxyribose
b. Uracil is used instead of thymine.
c. RNA is single-stranded. 
3. Three major types of RNA are needed for translation: messenger RNA, transfer RNA, and ribosomal RNA.
4. All RNA is produced via transcription. 
5. Initiation
a. RNA polymerase makes a copy of the nucleotide
6. Elongation
a. RNA polymerase makes a copy of the nucleotide sequence of the DNA
7. Termination
a. completed RNA is released from the DNA & RNA polymerase
iii. Translation
1. The process by which the information in RNA is converted to a new language: amino acid sequences. 
2. For this process to occur, the three types of RNA have specific roles:
a. Messenger RNA (mRNA): contains the information to be translated into protein, read in groups of three nucleotides called codons.
b. Transfer RNA (tRNA): carrier molecule with a group of three nucleotides at one end that will match with the codon on mRNA, called an anticodon. The other end has an attachment for amino acids. 
c. Ribosomal RNA (rRNA): (along with proteins) forms ribosomes -  clamp-like structures that hold mRNA and tRNA in the correct orientation so that the amino acids can be connected together. 

Post-Transcriptional Processing in Eukaryotes
· After transcription of a gene, we have pre-mRNA
· Must go through further processing
· Splicing
· Genes are often interrupted by stretches of DNA (introns) that do not contain instructions for making a protein
· The DNA segments that do contain protein-making instructions are known as exons
· Alternative Splicing
· Arranging exons into different patterns allows cells to use one gene to encode different proteins
· One of the reasons why our 20,000 or so genes can encode thousands of different proteins
· addition of Poly-A tail on one end
· addition of a cap on the other

Why Is Protein Structure So Important?	
· Proteins have the most diverse set of functions, so they have the most diverse set of structures.
· Proteins do what they do because of their shape.  
· When you change their shape, you can inhibit or change their function.
· Primary structure
· the order & identity of amino acids hooked together during the process of translation	
· Secondary & tertiary structures
· refer to the folding that this string of amino acids undergoes to achieve its most stable & functional shape
· Quaternary structure
· refers to the final structure of the combined proteins

Genetic Screening
· Tay-Sachs disease: Success
· Mutation in enzyme that breaks down fatty molecule GM2
· GM2 builds up in nervous system and kills neurons -- children with 2 copies of mutant allele die by age 5
· High in Ashkenazi Jewish population (1 out of 27 is a carrier)
· Active engagement of physicians with religious groups and community members to campaign for screening potential parents 
· reduction in # of infants born with TSD by 90%
· Sickle-cell disease: historically was a dismal failure (in U.S.)
· Testing of African American in early 1970s
· No consent, community outreach, or adequate public education
· Individuals who were carriers were discriminated against, denied health & life insurance
· Mistrust still lingers today
· Newborn screening in Ontario
· Mutations in Metabolic enzymes, Cystic Fibrosis, sickle-cell disease


Biology in Perspective
· Sickle cell disease demonstrates how a complex syndrome can result from the malfunctioning of a single protein (due to a singe base pair change in the DNA)
· Is the sickle cell allele a bad thing?  --- carriers are resistant to malaria
· Genes do not function in isolation --- entire genetic background matters
· Pathway from info in DNA to protein is not so straightforward 
· Alleles interact with each other, as do genes
· A single gene can affect multiple traits
· Environment plays an important role in how genes behave
· Many diseases are Multi-factorial

6. Cellular and Genetic Basis of Disease: Cancer

What is Cancer?
· Cancer: 
· disease of uncontrolled cell growth
· Caused by genetic mutations that regulate cell division.
· Cancer is the leading cause of death in Canada --- 30% of all deaths
· survival rates increasing for all cancers combined
· depends on type of cancer
· Skin cancer is on the rise
· melanoma -- most invasive/dangerous type
· life expectancy is 20 years

How Does Cancer Make You Sick?
· Cells are carefully regulated and organized
· Cell proliferation is balanced with cell death
· If cells don’t work, tissues don’t work, organs don’t work, organ system …

Tumor Formation
· If cell division is not regulated, tumors form
· Benign tumors do not spread and are generally harmless
· Malignant tumors occur when cell division is uncontrollable and cells resulting in cancer
· Cancer cells also can become invasive at this point
· Health Consequences
· Tumor grows and impairs organ function
· Metastasis: cancer cells enter the bloodstream, producing secondary tumors
· Angiogenesis: Blood vessels are routed to the tumor, depriving normal cells of oxygen

How Do Cancer Cells Differ from Normal Cells?
· Normal cells
· Communicate via chemical signals that influence cell division and program cell death
· Stop dividing at a certain density
· Only divide a certain number of times
· Cancer cells
· Lack effective communication
· Keep dividing regardless of density
· Cancer cells in culture continue to grow on top of one another
· Are not programmed to die

Cancer cells have defects in communication:
· Signal molecules
· Receptors that bind these signals
· Abnormal genes

Molecules That Regulate Cell Division
· Growth factors bind to receptors on the cell
· Activate signal transducers to relay information
· Activate transcription factors to regulate gene activity
· In Cancer Cells…
· Receptors may be permanently activated
· Signal transducers may be stuck in an activated state
· Transcription factors may be produced, even if preceding steps are absent
· Signals that trigger apoptosis (programmed cell death) are ignored
· Normal cells undergo apoptosis when damaged; cancer cells do not
· DNA repair mechanisms may be impaired (XP)
· Too many signal molecules produced

The Cell Cycle
· each daughter cell enters its own cell cycle 
· Mitosis (M)
· the chromosomes seperate into daughter cells and the cell divides
· Gap 1 (G1)
· the cell grows and prepares for DNA synthesis
· Synthesis (S)
· all of the chromosomes replicate
· Gap 2 (G2)
· the cell continues to grow and prepares again for mitosis
· Checkpoints in cell cycle
· Checkpoints regulate the timing of cell division  molecular “inspectors” that must give OK to move forward to next phase of cell cycle
· G1 checkpoint : are raw materials available?
· M checkpoint : are chromosomes attached to the spindle?
· Cancer cells ignore checkpoints
· Internal controls
· Important internal controls create checkpoints
· Ensure that reactions of one stage are complete before cycle proceeds to next stage
· Examples
· If not all DNA is replicated during S phase, cell slows down during G2 phase to allow “catch up”
· If DNA damaged, inhibitory events prevent onset of S phase to give cell time to repair damage
· External controls
· Based on surface receptors that recognize and bind signals 
· Peptide hormones and growth factors
· Cell-surface molecules 
· Molecules of the extracellular matrix
· Binding triggers internal reactions that speed, slow, or stop cell division
· Growth factor signaling needed for proliferation

In What Ways Is Cancer a Genetic Disorder?
· Cancer cells have mutated DNA that is passed to daughter cells
· DNA mutations alter cell division
· If DNA repair doesn’t occur, mutations accumulate
· Genetic mutations can increase the risk of cancer

Oncogenes
· Proto-oncogenes regulate cell division
· Mutations result in oncogenes, which remain turned “on”, resulting in uncontrolled division
Tumor Suppressor Genes
· Tumor suppressor genes encode for proteins that halt cell division
· Mutations alter TSGs, releasing a “brake”
· In leukemia, the TSG NF-1 is mutated, resulting in uncontrolled cell proliferation
· Normal function of NF-1 is to inhibit a proto-oncogene named ras that activated cell division
· Knowledge of which oncogenes and faulty tumor suppressor genes are present in certain cancers may help in diagnosis, prognosis, and even treatment
· 30% of breast cancers involve oncogene erbB-2, a growth factor receptor 
· -- overproduced on breast cell membranes
· Drug Herceptin binds to erbB-2 protein and stops it from triggering cell division 

Chromosomal Abnormalities
· Parts of chromosomes can brake, rearrange, or become lost
· May turn on oncogenes or disable TSGs
· The Philadelphia Chromosome
· Patients with chronic myelogenous leukemia (CML) have an unusual, small chromosome
· Chromosomes 9 and 22 exchange pieces
· This places two proto-oncogenes close together, turning them “on”

What Risk Factors Are Associated with Cancer?
· At least 2/3 of cancers are influenced by factors we can control:
· Smoking 
· Ernest Wynder study: cigarette smokers are 40X more likely to develop lung cancer
· 80–90% of lung cancers are attributable to smoking
· Alcohol (excessive)
· Cancers of the mouth, throat, liver, larynx, and esophagus are associated with heavy drinking
· Smoking AND drinking increases the risk of esophageal cancer up to 40X compared to a non-smoker/non-drinker
· Diet and exercise
· 35% of cancers can be attributed to diet
· 5% of prostate and breast cancers in adults are linked to lack of exercise and excess body fat in childhood
· Excessive exposure to UV (radiation)
· Exposure to UV radiation has been linked to >90% of skin cancers
· Protection from sun exposure and avoiding tanning beds minimizes risk
· Other factors are beyond our control:
· Infections
· Human papillomavirus (HPV): sexually transmitted virus associated with cervical cancer
· Early detection of cervical cancer with annual Pap tests 
· Gardasil, a vaccine against certain forms of HPV, was approved in 2006
· Exposure to carcinogens and pollutants
· 5% of cancer deaths can be linked to exposure to carcinogens in the workplace
· Scientists estimate that 2% of cancers can be attributed to air, water, and soil pollution
· Inheritance
· 5-10% of cancers are linked to inheritance
· Two genes can increase the risk of breast cancer: BRCA-1 and BRCA-2
· Women with mutant forms have an 84% chance of developing breast cancer
· Age
· Mutations in DNA accumulate as you age, increasing the likelihood of cancer
· Poverty
· Increases an individual’s risk of cancer
· Risk factors are more prevalent:
· Smoking, poor diet, exposure to workplace carcinogens, exposure to infectious agents
· Lack of health care: late diagnosis and expensive treatments


Peyton Rous
· Won the Nobel Prize for his work with tumorigenic viruses
· Extracted liquid from the tumor of a chicken, making sure no cells were present
· Demonstrated this was sufficient to cause cancer when injected in a healthy chicken

Cancer Myths and Controversies
· Alkaline diet and cancer
· Antiperspirants, parabens, and breast cancer
· Disposable water bottles
· Do some specific foods prevent or cure cancer?
· Lead in lipstick
· Sugar and cancer

How Is Cancer Diagnosed?
· Paying attention to changes in your body
· A lump in your breast, testis, or elsewhere 
· Changes in a wart or mole, especially in size or color 
· Changes in bowel or bladder habits 
· Persistent indigestion or heartburn; difficulty swallowing 
· Unusual bleeding 
· Screening
· Blood tests
· Ultrasound
· Biopsy
· CT scan
· Send thin beams of X-rays at different angles to produce 3D images
· Tumors absorb more X-rays and appear darker
· MRI

How Is Cancer Treated?
· Surgery: localized tumors
· Radiation: exposes cancer cells to X-rays
· Chemotherapy: drugs that inhibit cell division
· Immunotherapy: the patient’s immune system is used to fight cancer
· Angiogenesis inhibitors: drugs inhibit growth of blood vessels, tumor unable to obtain nutrients and oxygen

Why Cancer Treatments Sometimes Fail
· As tumors proliferate, mutations accumulate
· Natural selection works on cancer cells too
· New cancer cells may develop resistance to chemotherapy drugs

How Can Cancer Be Prevented?
· Don’t smoke
· Maintain balanced diet, exercise
· Avoid UV exposure
· Avoid excess alcohol
· Avoid known carcinogens
· Get regular check-ups
· Chemoprevention
· Phytochemicals in plants may decrease cancer risk
· Dithiolethione (found in broccoli, cabbage, and cauliflower) may inhibit tumor development

7. Biotechnology & Health

Case Study: Carrie Buck and the American Eugenics Movement 
· When her widowed mother, Emma, was committed to the Colony for Epileptics and Feebleminded in 1920, Carrie Buck, only 14 years old, was sent to live with the Dobbses. 
· Carrie’s life with the Dobbses was clouded by her mother’s reputation, and she was treated poorly. 
· Carrie was removed from school by the Dobbs to do more housework and was “loaned” her out to other households.
· Carrie got pregnant at 17 when she claimed she was raped. 
· The Dobbses did not believe her and had her committed.
· Carrie was the test case of the new eugenics law.
· The way to improve “human stock” is to prevent biologically defective people from having children. 
· The law stated that a person could be sterilized for “the good of society.”

Do Complex Human Characteristics Have a Genetic Basis?
· Genetic essentialism: 
· the notion that being human means having a human genome (all the genes in an organism).
· Genetic determinism: 
· the idea that our genes determine, direct, or cause everything about us. 
· A significant amount of evidence shows that genetic determinism is largely incorrect. 
· We can take a look at identical twins to see plenty of differences.
· While genes play a role in many of our characteristics, they do not necessarily determine outcome.  

Gene Therapy
· Many diseases can be attributed to mutations in specific genes.
· Prenatal screening allows us to potentially “weed out” certain traits.
· Genetic syndromes will never be a thing of the past.
· Achondroplasia: 7 of 8 cases are due to new mutations. 
· Gene therapy attempts to be able to cure these types of diseases.
· Two types: somatic gene therapy and germ-line gene therapy.
· Somatic gene therapy: 
· attempts to cure a genetic disorder by inserting a normally functioning gene. 
· First success was in 1990 to help children with severe combined immunodeficiency (SCID).
· In SCID, lymphocytes (a type of white blood cell) are missing an enzyme.
· Patients must be protected from anything that can cause infection.
· Therapy consisted of using a virus to insert the gene of the missing enzyme.  
· Germ-line therapy: 
· aims to correct genetic problems in the germ line (sperm and eggs) so that mutations will not be passed on.

What Are the Benefits and Risks of Genetically Altering Humans?
· Somatic gene therapy: aims to fix an individual.
· Germ-line therapy: aims for genetic changes that will be inherited by all descendants. 
· The ethical challenges of these two are not the same, nor are the benefits and risks. 
· Some arguments against this therapy:
· Not safe, may not be effective, expensive, and we should not “play God.”
· These same arguments have been made every time a new therapy is developed (blood transfusions, vaccines, and surgeries).
· Effectiveness will depend on the type of disease: loss-of-function disease or gain-of-function disease.
· Germ-line gene therapy provides two sureties:
· Defining desirable and undesirable traits.
· Deterministic genetic basis of characteristics.
· Relationship between individual genes and specific characteristics is not straightforward. 
· Some traits (skin color, eye color) are influenced by multiple genes.
· Some individual genes influence more than one trait (albinism).
· One argument is that we already have safe alternatives:
· Genetic counseling is used to inform couples about their relative risk of passing on certain genes associated with disease.  
· Other ethical issues surrounding germ-line therapy:
· Mistakes are permanent and would affect more than one person. 
· We are not sure which genes are “good” and which are “bad.”
· We must distinguish between medical treatment vs. enhancement.  (What if parents wanted a taller child?)
· Germ-line therapy could potentially alter how we feel about the sick and disabled.
· Life Application: Sex Selection
· Male children are preferred in many cultures.
· In these areas, many more boys are being born than girls. 
· The same trend is found in U.S.-born children of parents originally from these areas.
· Selective abortion of females has created a shift in the gender ratio.
· Efforts are underway to rebalance sex ratios for future generations, though it will take decades. 

How Can Stem Cells and Cloning Be Used to Alter People? 
· Stem cells 
· cells that can renew themselves and give rise to other cells
· come from different sources and have different capabilities.  
· Different types of stem cells
· Embryonic Stem Cells
· Somatic Stem Cells (aka Adult stem cells)
· Induced pluripotent stem cells
· Therapeutic cloning 
· produces embryos as sources of healthy stem cells for the medical treatment of individuals.
· To avoid rejection, somatic cell nuclear transfer (SCNT) is used. 
· SCNT takes a nucleus from a healthy cell in a patient’s body and is placed into an egg that has had its own nucleus removed.  
· Somatic Stem Cells
· exist naturally in the body. They are important for growth, healing, and replacing cells that are lost through daily wear and tear.
· Used to cure leukemia with bone marrow transplants
· Leukemia is a cancer of white blood cells --- leukocytes
· Abnormal cancerous leukocytes cannot fight off infection
· In a bone marrow transplant, a patient’s bone marrow stem cells are replaced with those from a healthy matching donor
· First all of patient’s bone marrow and abnormal leukocytes are killed using chemotherapy and radiation
· Potential as therapy
· Stem cells from the blood and bone marrow are routinely used as a treatment for blood-related diseases. 
· However, under natural circumstances somatic stem cells can become only a subset of related cell types
· Special considerations
· Most types of somatic stem cells are present in low abundance and are difficult to isolate and grow in culture
· Transplanted somatic stem cells from a donor to patient requires drugs that suppress the immune system
· Ethical considerations
· Therapy involving somatic stem cells is not controversial
· Umbilical cord blood stem cells
· Umbilical cords traditionally have been discarded
· Rich in stem cells
· Can be used to treat same health problems as those treated using bone marrow transplants
· Advantage is umbilical cord blood stem cell transplants are less prone to rejection
· Induced pluripotent stem (iPS) cells 
· are created artificially in the lab by "reprogramming" a patient's own cells.
· Potential as therapy
· Mouse iPS cells can become any cell in the body (or even a whole mouse) may be true for humans also
· Since iPS cells can be made from a patient's own cells, there is no danger that their immune system will reject them.
· Special considerations
· iPS cells are much less expensive than other therapies
· Reprogramming success is variable
· Ethical considerations
· Therapy involving iPS cells is not controversial
· Reproductive Cloning
· The creation of an organism that is an exact genetic copy of another
· Somatic cell nuclear transfer (SCNT): Making Dolly the Sheep
· Isolate a somatic (i.e non-germ cell) from adult female sheep
· Take an egg cell from a donor sheep and remove its nucleus
· Transfer the nucleus of the somatic cell into the enucleated egg cell 
· With a few chemical tweaks in culture, this egg cell with its new nucleus behaves like a freshly fertilized zygote
· Implant into a surrogate mother --- Offspring will be genetically identical to donor of the somatic cell
· Benefits of stem cell research
· Research has shown promising results, including the regeneration of neurons in the brains of rats with a Parkinson’s-like disease. 
· We can learn how development and birth defects occur. 
· By altering specific genes of stem cells, we can create human disease models. 
· Drugs would be able to be tested on stem cell cultures. 
· Risks of stem cell research
· It’s not yet completely safe
· transplanted stem cells are not always perfectly matched, so rejection can still occur. 
· tumors can form if dosage incorrect
· To get the large number of eggs required for this, women who wish to donate their eggs must undergo hormone treatments that could lead to complications. 
· Could be used for enhancements rather than for medical purposes. 
· Could also extend the human life span beyond what is beneficial to society. 

What Other Challenges Result from Advances in Medical Technology?
· Genetic information is powerful and personal
· Who should be allowed to access this information?
· Potential for discrimination on basis of person’s disease risk 
· In some countries, laws protect genetic and other personal health information
· Genetic information nondiscrimination act (GINA) prohibits discrimination in health insurance coverage (U.S.) and employment based on genetic info
· No such laws in Canada! 
· Accessibility
· Will poor people also have access to these advancements?
· Getting tested for disease genes --- what would you do with info?
· Patenting genes and life forms
· Danger of new eugenic movement:
·  if we are deciding what is desirable, how are we any different than the case study involving Carrie Buck?

Genome of HeLa cells 
· Published in 2013
· Family was not initially consulted --- concerned with privacy
· NIH struck a deal with family
· Data on genome stored in the NIH database
· Researchers have to apply for access
· HeLa genome data access working group reviews applications 
· includes two members of Lacks family  

8. Infectious Diseases & the Immune System

Case Study: The Summer of Sorrow 
· Irish farmers had one crop: potatoes. 
· When a new fungus emerged in the 1840s, it devastated their crops. 
· A flood of Irish immigrants came to the U.S. to escape this famine.
· people were starving & not making any money
· 2 million died due to starvation
· 1 million migrated to Canada on ships
· These immigrants were blamed for the spread of cholera, a serious intestinal infection that was often fatal. 
· They were quarantined on a small island where the death toll became staggering.
· people were dying during their trip to Canada
· 398 ships --- 5000 died on ship, 5000 died on island

What Causes Cholera?
· People who get cholera can become dehydrated from diarrhea and die within 24 hours.
· One of the biggest fears was that no one knew how it spread or what caused it. 
· Two people sought to answer those questions:
· John Snow
· During an outbreak in London in 1854, John Snow traced the paths by which cholera spread. 
· He traced it to a water pump. 
· Sewage had leaked into the water from this pump. 
· When the pump handle was removed, the outbreak stopped. 
· Robert Koch
· Robert Koch wanted to know what was in the water that caused cholera. 
· He examined the feces of cholera patients microscopically and discovered a bacterium, Vibrio cholerae.
· originated in India in 1816
· British troops carried it with them

How Cholera Affects the Body
· Patients lost not only a significant amount of water but also lost electrolytes
· electrically charged substances necessary for muscle function. 
· Losing both sent patients into shock, the body’s response to an inadequate supply of blood for circulation. 
· The intestines become filled with fluid, some of which comes from the circulatory system.
· This leads to a drop in blood pressure and an accelerated heart rate as the heart tries to deliver oxygen to the body. 
· Patients suffer multiple organ failure.

How Vibrio Bacteria Survive and Spread Cholera
· The Vibrio bacteria are pathogenic – they cause disease.
· Vibrio, once ingested, has to get by the acidic environment in the stomach.  They do this by sheer numbers. 
· Once in the small intestine, they attach to cells and secrete a toxin, or poison.
· Part of the toxin enters the cell and interferes with the pathway that controls water balance. 
· The cholera toxin will bind to a G protein, permanently switching it to the “on” position.
· This causes chlorine and sodium to rush into the intestines.  Where these ions go, water goes. 
· Water rushing into the intestine causes diarrhea, which is needed to deliver Vibrio to their next host. 

What Invaders Do We Face?
· We are surrounded by various types of microorganisms.
· Some of them are prokaryotic (no membrane-bound organelles).
· These prokaryotic organisms can help us (digest food) or hurt us (cholera, tuberculosis, cholera).
· Other microorganisms are protozoans, single-celled eukaryotic organisms. 
· Examples include giardiasis, amoebic dysentery, and malaria. 
· Multicellular eukaryotic examples include fungi that cause yeast infections, athlete’s foot, and ringworm. 
· Viruses and prions are other pathogens, but these are not even alive. 
· Viruses have to replicate inside their host’s cell. 
· Prions are self-replicating proteins.
· misfolded version of a normal protein
· only pathogen invisible to the immune system
· Some prions are normally found in the brain. 
· Can be transformed into pathogens that can cause mad cow disease, Creutzfeldt-Jakob disease. 

How Does the Immune System Protect Us?
1. First line of defense:
a. Stops the pathogens from getting in
b. Mechanical and chemical barriers  are nonspecific barriers - they are not designed to stop one particular type of pathogen. 
c. Skin and mucous membranes are types of nonspecific barriers. 
d. Non-specific barriers that can prevent infection
i. General health and well-being
ii. Skin
iii. Sweat
iv. Saliva
v. Mucous membranes
vi. Stomach acid
vii. Tears
viii. Helpful microbes
2. Second line of defense
a. Stops the pathogens from residing in our bodies. These are nonspecific and fall in three categories:
i. Defensive cells: 
1. Dendritic cells and Macrophages “eat” microbes, and natural killer cells kill virus-invaded cells by penetrating their membranes and causing the infected cell to burst. 
ii. Defensive proteins: 
1. Interferons fight viruses and complement proteins coat bacteria, making them easier for macrophages to eat them. 
iii. Inflammatory response: 
1. the red, warm, and painful swelling is called inflammation.  This response brings members of the immune system to the damaged area. 
3. Third line of defense:
a. Two types of specific immune responses: antibody-mediated and cell-mediated. 
b. Antibody-mediated responses are achieved mainly through the action of B lymphocytes, or B cells.
c. B cells have a receptor on their membrane that recognizes foreign molecules, or antigens.
d. Once a B cell has its receptor bind to and recognize an antigen, it does two things:
i. It produces more and more of these receptors (antibodies) and secretes them.
ii. It creates a population of memory cells, cells that do not produce antibodies but remain in the body for years. 
e. Cell-mediated immunity:
i. Involves a different type of white blood cell, the T cell
ii. There are two types of T cells: cytotoxic T cells and helper T cells.
iii. Cytotoxic T cells specialize in killing infected cells or pathogens. 
iv. Helper T cells help in this process and coordinate the activity of the immune system. 

When the immune system fails:
· Sometimes B and T cells attack our own cells, leading to an autoimmune disease like rheumatoid arthritis, multiple sclerosis, lupus, or type 1 diabetes. 
· Sometimes B and T cells are weak and don’t launch a strong attack, as seen in immunosuppressive diseases like AIDS.

The Immune Response Is Two-Fisted
· Bruce Glick was studying the function of the bursa of Fabricius (BF) in chickens by removing it and observing what happened. 
· His friend Timothy Chang was studying immune response of chickens and borrowed some of Glick’s chickens. 
· They discovered two components to an immune response, a cell-mediated one and an antibody-mediated one. 

Life Application: Organ and Tissue Transplantation
· Patients receiving organs have a bigger issue than the surgery itself.
· Immune system is designed to attack anything it perceives as foreign.  
· Unless the organ came from the same person or an identical twin, the cytotoxic T cells will attack it.
· This is why donors are “matched” and recipients take immunosuppressive drugs.
· Currently, not enough organs are available, but regenerative medicine is working to correct that problem.  

How Can We Harness the Immune System?
· Natural immunity: 
· immunity that occurs as a result of having recovered from a previous bout with an infectious disease.
· Vaccination: 
· a weakened form of a pathogen that can be injected or taken orally; it is similar enough to the actual pathogen that memory cells produced by the immune response will recognize and disable the real pathogen if a person is exposed later. 
· Passive immunity: 
· the temporary transfer of antibodies from one individual to another 
· for example, the antibodies that circulate in a mother’s blood can cross the placenta and enter the fetal bloodstream.  Breast milk also has antibodies that help the baby. 

What Can Help If Our Immune System Fails?
· Antivenom: 
· antibodies given by injection that can disable snake venom. 
· Made by injecting goats or horses with increasing amounts of snake venom.
· They make antibodies that can be isolated.
· This is a temporary form of immunity.
· Antibodies: 
· antibodies can be isolated from one person and given to another to help boost immunity.
· This can also be achieved via monoclonal antibodies (Mabs), which target only diseased cells. 
· Antibiotics: 
· the chemicals that microorganisms produce to kill or inhibit other organisms. 
· Overuse has created bacteria that are resistant to multiple types of antibiotics.

Monoclonal Antibodies: Magic Bullets
· Scientists recognized the problem of B cells having a finite life span, and sought to make selected B cells immortal. 
· They collected B cells for a type of antigen and fused it with a cancer cell. 
· These hybrids produce one type of antibody and are immortal.  The antibodies produced are called monoclonal antibodies (MAbs).
· Mabs are being used to treat a whole host of diseases like leukemia, breast cancer, lymphoma, etc. 
· Currently, researchers are working to make the MAbs fully human, eliminating some of the side effects caused by their source (mice). 

ZMapp: Experimental drug to help fight Ebola infection 
· 3 Antibodies
· Collaboration btw.
· 2 U.S. companies
· a biodefense company in Toronto
· Public Health Agency of Canada
· U.S. Government 

How Can We Prevent the Spread of Infectious Disease?
· Wellness: 
· disease spreads more easily through a weakened population.
· Hygiene: 
· practicing good hygiene can prevent the spread of the disease, even during an outbreak. 
· Clean water and sewers: 
· when human waste doesn’t have the chance to seep into drinking water, cholera and other types of infectious diseases
· Proper antibiotic use: 
· improper use of antibiotics can actually help a disease spread. 
· Vaccines: 
· it is important that everyone gets vaccinated, not just an individual.  If everyone is vaccinated, the reservoir for the pathogen is eliminated. 

Anthony S. Fauci
· He was the point person for the fight against HIV/AIDS. 
· When demonstrators stormed the campus where he worked, he invited the leaders to come in and talk.
· This led to the participation of activists in many phases of planning and the development of new models for testing treatments. 
· Dr. Fauci made differences not only as a leader but as a scientist, too.

9. The Evolution of Disease

Case Study: Deadly Malaria 
· Malaria afflicts about 300 million people annually, killing about 1.5 million each year (about 3 every minute).
· Around 7,000 to 10,000 years ago, one of the species that infects humans, Plasmodium falciparum, underwent a population explosion.
· deadliest species that infects humans w/ malaria
· 50% of malaria cases are due to plasmodium
· 90% of malaria-related deaths are due to plasmodium
· One reason that malaria is so deadly is that it is difficult to kill Plasmodium.
· Some strains of this pathogen have evolved resistance to the drugs we use to treat malaria. 
· Humans have evolved various ways to combat malaria; sickle cell is just one way. 

In What Ways Is Your Body an Ecosystem?
· Ecology 
· is the study of the interactions among species and their physical environments.
· Your body is made up of 100 trillion cells
· only 10 trillion are yours
· other 90 trillion cells are bacteria
· benefits us (fights off pathogens, helps with food digestion etc) 
· Different types of interactions
· Commensalism: 
· one species benefits from the interaction, the other is neither helped nor harmed. 
· Mites in your eyebrows
· Mutualism: 
· both species benefit from the interaction.
· Bacteria in your digestive tract
· If conditions change, these interactions can also change. 
· One example is the bacterium Pseudomonas aeruginosa. 
· It can live on you and cause no damage. 
· If a person is already sick, it can cause necrosis (tissue death) when they reach a quorum, or a population large enough to overcome the body’s defenses. 
· Some species don’t have switches and will always cause disease. 

The Many Species That Live on You
· Scientific techniques are much better at looking at the microorganisms that are on us.
· Scientists can collect swab samples, break open all the cells, and look at the ribosomal RNA, which will tell them how many different species there are. 
· Doesn’t tell how us how they behave, but just that they are there. 

Why Do Diseases Evolve Resistance to Antibiotics?
· Penicillin was discovered by Andrew Fleming in 1928, and widespread use began in 1943. 
· More and more bacteria are now resistant to penicillin and the other antibiotics that have since been developed. 
· The few bacteria that don’t die when antibiotics are applied form a resistant population. 
· within 2 years, bacteria develop a resistance to antibiotics
· Most antibiotics occur naturally, made by bacteria, molds, and other species. 
· By killing other organisms, the species that produces the antibiotic has more food for itself.  
· This species also has to be resistant to it.  
· If they evolved resistance to these antibiotics, other species can do the same. 
· Organisms possess resistance genes, one or more genes that make them this way 
· These genes arise via mutations. 
· Mutation alone is too slow to account for the rapid appearance of resistant strains. 
· In horizontal gene transfer, bacteria can get DNA from their neighbors.
· This occurs in three ways:
· Transformation
· bacteria take up short fragments of DNA
· Transduction
· DNA is transferred from one bacterium to another by viruses (infect bacteria, phages, etc.)
· Conjugation  
· DNA is transferred via sexual cell-to-cell contact
· send out pilli & join together w/ another cell
· Although antibiotic resistance provides an advantage, it does so at a cost. 
· Resistant cells need energy to be resistant. 
· This energy is diverted from other processes, like growth and reproduction.
· This is why not all bacteria are resistant.
· When antibiotics are absent, resistance is not an advantage, and resistant strains are outcompeted.
· Why, then, is resistance becoming a major global problem?  
· Because antibiotics are available everywhere. 
· Hospitals are the most dangerous place for this

Life Application: Malaria and DDT
· DDT is a powerful insecticide that was used to kill mosquitoes and other insects. 
· Its use became linked to other environmental issues.
· DDT gets into food chain
· gets into crops -- small animals eat crops -- larger animals eat those small animals 
· results in many deaths of animals b/c concentration of DDT increases as it passes each trophic level
· DDT has adverse effects on the environment but could also prevent malaria. These are the arguments for and against its use. 
· Using DDT will initially decrease the mosquito population, but they rapidly develop resistance. 

Why Are Some Disease More Deadly Than Others?
· Pathogens vary in their virulence
· their ability to cause damage or death. 
· Pathogens can also change their virulence. 
· Some become milder over time, 
· most virulent strain can become selective against itself b/c it kills the host before it can be passed on 
· like the virus called myxoma.  
· Rabbits were becoming a major pest in Australia, so this lethal virus to rabbits was introduced.
· Initially, it killed 99% of infected rabbits.  Today, it kills only about 50%. 
· The evolution of disease involves two ideas:
· Natural selection selects for increased reproductive success, however it occurs. 
· Pathogens have a two-pronged challenge for success:
· Evolve to reproduce successfully within a host.
· Balance this against the need for transmission to a new host.
· There is a trade-off between reproduction within a host and transmission to a new one. 
· If this trade-off favors a milder disease to increase transmission, the pathogen will be milder. 
· If this trade-off favors causing serious damage to the host, the pathogen will be more virulent. 
· The key is to understand which path is selected and why.  Need to know how pathogens evolve inside their host. 
· Once infected, the pathogen reproduces vigorously, causing most of the damage seen during infection.
· Strains with the largest population size are the most likely to be transmitted to a new host.
· Selection for virulence is balanced by the need for the host to survive long enough to pass on the infection. 
· A number of examples support the trade-off hypothesis, but it is not a universal trend.  
· Tuberculosis and influenza are examples. 
· STD’s
· Any STD that interferes with its host’s reproduction will be strongly selected against.
· The trade-off hypothesis predicts that STDs will have a slow onset, stay in the host’s system for a long time, and be fairly mild. 
· Chlamydia 
· is the most common STD in Canada and hence the most successful.  
· Chlamydia is sometimes called a “silent infection” because many people show no symptoms.
· It can lead to other problems like scarring of the fallopian tubes, which can lead to an ectopic pregnancy in which an embryo develops in the fallopian tube.
· can be treated w/ antibiotics
· Syphilis 
· is also successful, developing over decades.  
· Syphilis may also not show symptoms early on, but it can lead to death if not treated.  
· more dangerous than chlamydia 
· invades circulatory/nervous system, skin, bones
· absence of early symptoms & delayed onset of dangerous symptoms is an adaptation

Paul W. Ewald
· Case of diarrhea redirected his career. 
· While he was sick, he wondered if his diarrhea was his way of getting rid of the organism, or the organism’s way of using the hosts body.
· Changed his research focus to host-pathogen interactions. 
· He became a pioneer in the field of evolutionary medicine, based on his idea that illness can only be fully understood through an evolutionary perspective. 

Where Do New Diseases Come From?
· New diseases (aka emergent diseases) have three sources:
1. Species can evolve into a new strain that causes disease.
2. You can catch the diseases of other species. 
a. the most common.
b. zoonosis
i. migrating to a new habitat, mutations allow it to infect humans, changes in human behaviour/social practices give multiple opportunities for the virus to infect humans
3. Species that normally live in soil or water can invade your body.
· Four stages that a new infectious disease goes through when it makes the jump to humans: 
1. Exposure
a. something occurs that brings the pathogen into contact with us
b. giving multiple opportunities for the pathogen to contact us
i. changes in human behaviour
2. Infection
a. pathogen invades us and reproduces inside
b. must get inside us, get past defences, reproduce quickly
c. if too slow, immune system takes action
d. must mutate into a version that can infect us
3. Transmission
a. a small # of microbes that infect us can be transmitted to another person
b. must reproduce successfully in host first (large population) before transmitting to another person
c. coughing/sneezing are ways to transmit diseases
4. Epidemic
a. fewer still microbes can establish an infection that spreads through a large population
b. evolutionary step, must be well adapted to its host and spreading to other hosts
· Acquired immune deficiency syndrome (AIDS) is the disease caused by the human immunodeficiency virus (HIV).
· First reported in 1983, it has been in the human population for a century. 
· HIV attacks and kills lymphocytes needed for the adaptive immune response (cell-mediated immunity), such as Helper T Cells
· Two forms of HIV: 
· HIV-1 is the more virulent form. 
· HIV-2 is less virulent, and people live longer with this form. 
· It is a relatively new disease that is now in stage 4. (epidemic)
· How it made the jump to humans is uncertain, but it originated in Africa.
· may have jumped when people ate infected chimpanzees (bush meat)
· Changes occurred that gave the virus time to adapt to the human host. 
· medical practices may have contributed by reusing syringes (blood to blood transmission)

How Can Evolution Help Us Control Disease?
· Antibiotic resistance: 
· we must reduce the use of antibiotics, allowing other types of bacteria to compete. 
· Vaccinations: 
· we administer material to provoke the development of immunity to a specific pathogen. 
· Vaccinations have been used successfully for mumps, measles, polio, and chicken pox.
· Other diseases prove difficult to control through vaccines. These are pathogens that mutate rapidly, and thus the immune system can’t recognize it. 
· New vaccines are being developed that target some pathway or behavior and not the organism itself. 
· Diphtheria is a good example.  Vaccines are targeting the toxin the bacteria makes. 
· How vaccines are made
· A vaccine tricks the immune system into thinking it is sick.
· Immune cells recognize foreign proteins on the surface of the pathogen. 
· Vaccines are composed of these surface proteins or other parts of the pathogen that will be recognized by the immune system.  
· Vaccines are not quite as effective as the real pathogen.
· Evolutionary principles tell us that we may be able to design safe “live” vaccines.  
· Pathogens continue to grow in a different environment, so through natural selection it becomes less adapted to humans. These pathogens would be the vaccine. 
· These live vaccines can be cheaper and more effective.
· if you don’t get vaccines, you don’t only put yourself at risk but the elderly & infants too 
· have very little immunity
· protect the herd
· Using the trade-off hypothesis, if behavioral and social practices can make it more difficult for a virus to spread (like HIV), then its virulence will decrease. 
· the more virulent it is, the more likely it is able to multiply and the more likely to get you sick

10. Nutrition, Digestion, Activity, and Wellness

Case Study: Dying for the “Perfect Body”
· Heidi Guenther 
· wanted to be a professional ballerina
· Pressure to maintain a specific body size led Heidi to use diet pills
· got hooked on the pills to become thinner and thinner and lead her to anorexia
· She died at age 22 from cardiac arrest
· Heidi started out at 115 pounds
· Her dance teacher wanted her to lost 5 pounds
· By the end she was down to 93 pounds
· Taylor Hooton 
· baseball player
· used steroids to help him bulk up
· Steroids caused Taylor have severe mood swings and outbursts
· Unsuccessful in his attempts to quit, Taylor committed suicide

How Does What You Eat Influence Your Well Being?
· We extract energy from the food we eat
· Food quality is important
· A balanced diet helps us achieve energy and nutrient requirements

Nutritional Requirements: Components of a Healthy Diet
· 50 essential nutrients
· Macronutrients include protein, fat, and carbohydrate
· Micronutrients include vitamins and minerals
· Digestion allows us to obtain these nutrients from our food

Calories
· Energy in food is expressed as kilocalories (1 kilocalorie = 1000 calories = 1 Calorie)
· 1 kilocalorie=amount of heat it takes to raise the temperature of 1 litre of water one degree Celsius
· A person needs approximately 2000 kilocalories (i.e. 2000 Calories) per day to meet his or her energy needs
· Calories consumed in excess of energy needs are converted to fat and stored in the body
· Of the six classes of essential nutrients, three supply energy

Classes of Essential Nutrients 
· Carbohydrates
· Simple carbohydrates: composed of one or two sugars (mono/disaccharides)
· Complex carbohydrates: chains of sugars linked together (polysaccharides)
· main source of energy in the body
· supply to cells in brain, nervous system, blood
· supply to muscles during exercise
· ex. grains (breads & cereals), fruits, vegetables, milk
· if enough carbs aren't consumed, proteins can be synthesized and broken down 
· Refined carbohydrates versus whole grains
· All grains are whole grains before processing. 
· During processing, the germ and bran are removed leaving just the starchy endosperm
· Insulin
· During digestion, carbohydrates are broken down into glucose for absorption
· In the bloodstream, glucose is used by cells for energy, and the liver and muscles take up glucose & convert it into glycogen for carbohydrate storage.
· The presence of glucose stimulates the pancreas to release insulin
· The insulin hormone binds to receptors on cells leading to activation of glucose transporters on the cell membrane
· Insulin and glucose levels rise and fall following  a meal or snack containing any type of carbohydrate.
· Glycemic index is a measure of how the ingestion of a particular food affects blood glucose levels. 
· Meals containing high glycemic index foods may increase appetite and a diet rich in these foods increases the risk of diabetes and heart disease.(contributes to risk of obesity, diabetes, and heart disease)
· Proteins
· form important parts of the body’s main structural components: muscles and bones.
· also blood, enzymes, some hormones, cell membranes
· repair tissue, regulate water & acid-base balance, help in growth, supply energy
· Important for regulating chemical reactions
· Made from amino acids
· We produce 12 amino acids
· We must ingest the other 8 essential amino acids in our diet  “complete proteins”
· non-vegetarians get all the essential amino acids in their meat
· vegetarians have to consume essential amino acids in different foods like tofu 
· ex. meat, fish, poultry, eggs, milk products, legumes, nuts
· Fats
· A type of lipid
· Most concentrated source of energy
· -heart only uses fat as a source of energy
· Major fuel for body during rest and light activity
· Fats stored in the body are usable energy, help to insulate your body, and support and cushion your organs.
· Source of fatty acids to build phospholipids
· Help absorb fat-soluble vitamins
· Essential in Small Amounts
· Lipids and Cell Membranes
· Phospholipds line up tail-tail spontaneously
· The balls at the ends are “water-loving”
· hydrophillic 
· The fatty-acid tails are “water-fearing”
· hydrophobic
· Cholesterol
· Adds structure and rigidity
· Structure 
· glycerol molecule (red) + 3 fatty acid chains (hydrocarbons)
· Differences in the fatty acid structure within a triglyceride result in different types of fats.
· Types of Fatty Acids
· Saturated fatty acids
· Solid at room temperature and are generally found naturally in animal products
· No double bonds in hydrocarbon chains
· Unsaturated fatty acids
· Liquid at room temperature and usually come from plant sources
· Monounsaturated 
· may start to solidify at refrigerator temperatures.
· Examples include olive and canola oils. 
· One double bond in hydrocarbon chain
· Polyunsaturated
· Examples include soybean, corn and fish oils.
· Two or more double bonds in hydrocarbon chain
· Hydrogenation and Trans Fats
· Hydrogenation 
· Turns unsaturated fatty acids into more-solid fats
· make healthy fats, unhealthy
· Extends shelf life and prevent separation of fatty oil
· Highly saturated
· Changes some unsaturated into Trans fatty acids
· Bad for heart health
· Effects of different fats on health
· Different types of fats have very different effects on health.
· Saturated and trans fatty acids increase low-density lipoprotein (bad cholesterol)
· can leads to heart attacks, stokes, plaque build up on arteries 
· Monosaturated fatty acids increase levels of high-density lipoproteins. (good cholesterol)
· Omega-3 fatty acids have heart-healthy effects.
· Most Canadians consume sufficient amounts of essential fats; limiting unhealthy fats is a much greater health concern. 
· Cholesterol
· Fatty, wax-like substance that circulates through the bloodstream and is an important component of:
· cell membranes (affect fluidity)
· sex hormones (estrogen & testosterone)
· vitamin D
· fluid that coats the lungs
· protective myelin sheaths around nerves
· The body obtains cholesterol from the liver, which manufactures it, and from food.
· Excessive levels it can clog arteries and increase risk of CVD.
· Cholesterol is carried in the blood in protein-lipid packages called lipoproteins 
·  HDL (good) and LDL (bad) cholesterol
· Vitamins
· coenzymes that regulate chemical pathways
· organic in nature, much bigger in structure, help other enzymes do their job to regulate chemical pathways
· Vitamins are organic substances required in small amounts to regulate various processes within living cells. 
· Humans require 13 vitamins, four of which are fat soluble and nine are water soluble.
· Solubility affects how the vitamin is absorbed, transported, and stored in the body.
· Water-soluble vitamins are absorbed directly into the bloodstream while fat-soluble vitamins require a more complex absorptive process.
· fat-soluble—vitamin a, d, e, k, gets stored in the liver and fat tissues 
· must be consumed from diet, body doesn’t produce it itself
· Many vitamins help chemical reactions take place. They provide no energy to the body directly but help unleash the energy stored in carbohydrates, proteins, and fats. 
· Vitamins are critical in the production of red blood cells and the maintenance of the nervous, skeletal, and immune system. 
· Some vitamins act as antioxidants.
· cut down/destroy/neutralize free radicals, vitamin c, e, a(betacarotene)
· The human body does not manufacture most of the vitamins it requires and must obtain them from foods.
· If your diet lacks a particular vitamin characteristic symptoms of deficiency can develop (scurvy, rickets, increased risk of cardiovascular disease, cancer, etc.)
· Extra vitamins in the diet can also be harmful.
· To retain nutrients during the storage and cooking of foods, consume or process vegetables as soon as possible after purchasing.   
· scurvy
· —lack of vitamin c, no access to fruits and vegetables when travelling on boats, get spots on skin, spongy gums, fatal
· Rickets
· —lack of vitamin d, important in bone formation, children in poor countries, abnormal bone shapes
· cvd
· —lack of vitamin d 
· too much vitamin a
· —damages liver (originally stored in liver), pregnant women should be careful about vitamin a 
· still unclear on how much vitamin is actually needed in the body
· a-blindness in children in poor countries
· b-can lead to birth defects if not enough consumed during pregnancy
· c-important role in immune system
· d-bone formation, can possibly prevent cancer (reducing risk), reduce risk for cvd, decreases blood pressure, northern countries get less vitamin d bc sun isn't always out (must consume in diet)—MS higher level in Canada than other countries (not enough d)
· e-acts as an antioxidant
· Minerals
· inorganic compounds important for bone and tooth development, muscle contraction, nerve impulses, and fluid balance
· elements (ca, mg), important part of the structure of protein
· —not a source of energy but rather they play important role in getting energetic reactions to occur
· Minerals are inorganic elements you need in relatively small amounts to help regulate body functions, aid in the growth and maintenance of body tissues, and act as catalysts to help release energy.
· Certain conditions, such as anemia (not enough iron) or osteoporosis (low bone density), can develop if essential mineral consumption is too small or too large.
· important in childhood—growth
· calcium, iron, magnesium, zinc—not enough Canadians consuming these minerals
· Fiber
· indigestible carbohydrate that cleanses digestive system
· Nondigestible carbohydrates provided by plants
· Fiber consumption necessary for good health.
· Soluble fiber 
· delays stomach emptying, slows down digestion
· slow the movement of glucose into the blood after eating
· reduce absorption of cholesterol
· found in oat bran & legumes, beans
· Insoluble fiber
· increases fecal bulk 
· makes large intestine healthier
· helps prevent constipation, hemorrhoids, and other digestive disorders
· found in wheat bran & psyllium seed
· All plants contain some dietary fiber.
· The processing of packaged foods can remove fiber.
· To reduce the risk of chronic disease (like colon cancer) and maintain intestinal health, Health Canada recommends a daily fiber intake of 38 grams for adult men and 25 grams for adult women.
· Canadians consume about half the recommended intake.
· Water
· You are composed of about 60% water
· All fluids you consume can count toward your total daily fluid intake.
· Men require 3.7 litres of water; women require 2.7 litres (from food and water)
· if w/o—die within days
· need it to digest and absorb food, medium for the reactions in the body,
· as you take in water, you also lose water (sweat, evaporation etc)
· possible to consume too much water- water poisoning

Other Substances in Food
· Antioxidants 
· can help protect the body from damage caused by free radicals.
· Phytochemicals
· substances found in plant foods, may help prevent chronic disease.

Linus Pauling
· Stressed importance of maintaining ideal “reaction conditions” in the body
· Argued that generous amounts of vitamins improve human health
· hemoglobin protein has diff structure in people w anemia than the normal
· vitamin c suppresses growth of tumors in rats
· too many vitamin c- you pee it out, can lead to kidney stones, itchy bum, irritable gastrointestinal tract

How Does the Body Extract Nutrients from Food?
· Humans digest all their food extracellularly; that is, outside of cells.
· Digestive enzymes are secreted from cells lining the inner surfaces of various exocrine glands.
· The enzymes hydrolyze the macromolecules in food into small, soluble molecules that can be absorbed into cells.
· hydrolyze—adding (water) hydrogen, and breaking down macromolecules to simpler molecules 
· all has access to the outside world (mouth, exocrine glands, anus)

5 Stages of Digestion in Animals with a Digestive Tube 
1. Mechanical processing (chewing and grinding of food) 
2. Secretion of enzymes and other digestive aids into the digestive tract 
3. Enzymatic hydrolysis of food molecules into molecular subunits
4. Absorption of molecular subunits across cell membranes
5. Elimination of undigested matter

From the Mouth to the Stomach
· Swallowed food moves toward the stomach by peristalsis
· The sphincter regulates the opening between the esophagus and the stomach
· Stomach
· Stomach secretes gastric juice
· Hydrochloric acid
· Protein-digesting enzyme 
· Mucus (coat cells of stomach from the acidic environment)
· Stomach churns acid contents into chyme
· Released in pulses into small intestine --- duodenum
· Small intestine
· The small intestine absorbs nutrients into the bloodstream
· first part is duodenum
· Absorption of nutrients begins in the small intestine
· Specializations to optimize absorption
· Intestinal villi 
· Microvilli
· villi increase surface area
· The Pancreas and the Liver
· The pancreas (endocrine portion) secretes hormones:
· insulin: target cells take up glucose from blood
· glucagon: release of glucose from liver (glycogen breakdown)
· Exocrine portion of pancreas
· From the Intestine to the Bloodstream
· food molecules that have not been absorbed by the small intestine are absorbed into the bloodstream
· epithelial cells decide what gets absorbed into the bloodstream
· indigestible material moves into the colon where water, salts, and some vitamins are absorbed
· feces are stored in the rectum before being eliminated

How Do Cells Extract Energy from Food?
· Cellular respiration: process through which cells extract energy from food
· Involves series of controlled chemical reactions that release energy from food and store it in other molecules
· These molecules are like the cell’s batteries, supporting all the functions of the cell

Metabolism
· Digestion is enzyme-catalyzed hydrolysis of:
· polysaccharides (e.g., starch) to sugars
· proteins to amino acids
· fats to fatty acids and glycerol
· nucleic acids to nucleotides
· Absorption into the body & transport into cells
· Absorption into cells
· Within cells, molecules are further degraded into simpler molecules containing 2 to 4 carbon atoms --- Metabolism
· Anabolic & Catabolic
· These simpler molecules have two possible fates:
· They may proceed up various anabolic pathways and serve as the building blocks for macromolecules of the cell:
· polysaccharides
· fats
· proteins
· nucleic acids
· They may be still further degraded in catabolic pathways: ultimately to simple inorganic molecules such as carbon dioxide (CO2), H2O, and ammonia (NH3).
· Release large amounts of energy in form of ATP


Interconversion of Fuels
· Can also catabolize fats & proteins to make ATP
· Fats
· glycerol converted to PGAL and fed into glycolysis pathway 
· Fatty acids converted into Acetyl-CoA and enter Kreb’s cycle
· Proteins
· Amino acids are deaminated  --- removal of nitrogen
· Produces nitrogenous waste 
· Remaining fragments enter pathway at several points 
· Urea Cycle from Breakdown of Proteins
· Urea is the chief nitrogenous waste of mammals.
· Most of our nitrogenous waste comes from the breakdown of amino acids.
· Deamination of amino acids results in the production of ammonia (NH3).
· Ammonia is extremely toxic but the liver converts the ammonia into urea.
· Urea is removed efficiently by the kidneys.
· This is called the urea cycle.

What Can a Person Do to Maintain a Healthy Weight?
· Energy consumed in food Calories must balance energy spent
· Basal metabolic rate: amount of Calories required to support life functions
· Calorie requirements are sensitive to the amount of physical exercise
· Losing weight safely means decreasing Calories (while maintaining balanced nutrients) and increasing exercise

Body Mass Index
· Tool for determining healthy weight range based on height and weight

What If Weight Becomes an Obsession?
· Obsessions with body image can lead to eating disorders such as anorexia nervosa and bulimia
· Negative impacts to health may result in death

Steroid Abuse
· Steroids are drugs that mimic the functions of male sex hormones like testosterone, which increase muscle mass
· Side effects include: 
· shrinkage of testicles, reduced sperm count, kidney and liver damage, heart disease, and psychological problems

Drunkorexia
· Some women skip meals to save Calories for alcohol consumption
· This is a dangerous combination of an eating disorder and a substance abuse problem

How do Muscles & Bones Keep us Active?
· Skeleton composed of 206 bones (adult body)
· Provides support
· Protects soft parts
· rib cage protects organs
· Stores minerals such as calcium
· if body is low on calcium, it takes it from the bones
· Produces blood cells
· middle of bone is bone marrow—contains specific stem cells for this
· some bones fuse in adolescence 
· axial
· skull, sternum, ribs, spine
· appendicular
· arms, legs, hips, attachment points (shoulders, hips)
· Muscles
· Movement is possible due to muscles and ligaments, which connect bones together
· Joints provide range of motion
· Tendons connect bones to muscles
· Diff types of joints
· hinge (knee, elbow), ball and socket (hip, allows full 3d motion)
· When two bones come together it has cartilage (allows bones to come in contact smoothly together)
· Produce motion
· muscles need to contract and pull at the bone, muscles need to antagonize direction (go in opposite directions)
· 40% of weight comes from muscles
· Two other types of muscles (besides skeletal)
· Cardiac: 
· Heart beats continuously
· Involuntary control
· Huge energy needs: lots of mitochondria, fats are a main source of fuel.
· heart has more mitochondria than any other cell type in the body
· Smooth: 
· Also involuntary
· Built into blood vessels, bladder, intestines, uterus
· slower, rhythmic, sustained contractions
· Moving muscles
· Muscle fibers are controlled by neurons, which send signals to contract
· The sliding action is powered by ATP
· sarcomere
· smallest unit of contraction for muscles
· myosin
· motor protein, produces motion

How Can You Keep in Shape?
· Exercise allows muscles to grow and increase in strength --- more muscle increases Basal metabolic rate
· Aerobic exercise strengthens the heart
· can’t grow whole new muscle cells but rather growing more myofibril in the muscle cells
· at rest (muscles not moving), uses ATP

Supplements
· Many athletes take supplements:
· Diuretics
· alter balance of fluids in the body
· makes them urinate and decrease more weight
· dangerous, messes with kidneys
· dehydration, muscle cramps, fatigue
· Creatine
· source muscles will use for tap
· short term rapid use of energy
· muscle cramps, stomach cramps, nausea
· retain water (opp of diurectics)
· Vanadium
· increase muscle mass (not a lot of evidence)
· diaper 
· Boron
· nutrition supplement for plants, not people
· Stimulants
· banned
· suppress appetite 
· reduce fatgiue, improve alertness
· make people more aggressive
· increase blood pressure, abnormal heart rate (heart attack)
· Supplements can have side effects and may contain impurities

How Do We Balance Looking Good with Being Healthy?
· Social media can skew our perception of what is normal and healthy
· Maintaining a healthy body requires
· Balanced and varied diet
· Regular physical activity
· Adequate sleep
· Effective stress management

Stress Weakens the Immune Response
· Exposure to virus produced colds in stressed individuals in greater frequency than low-stressed subjects
· In another study stressed subjects with infections tend to have higher levels of inflammatory cytokines
