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History of science

Aztecs & Mayans

Chinese ( wrote about pot?

Hamarabi

Abraham

David

Egyptians

The influence of supernatural affects health. Religious rites were performed.

6th BC – Thales – there is something more than gods and spirits

Empededes – there are four elements (air, fire, water, and earth)

The four elements had four qualities and are associated with four bodily fluids.

Yellow bile (liver) ( fire

Black bile (spleen) ( earth

Phlegm (brain) ( water

Blood (heart) ( air

They also represent four personalities:

· Phlegmatic (water)

· Sanguine (air)

· Cholic (fire)

· Melancholic (earth)

Triadic Hierarchy – living things were organized into three groups. Each group breaks off into three more groups, etc. Aristotle – “father of zoology”

Hipocrates - Lived on Cos. He wrote a book, On the Sacred Disease, about epilepsy.

Temple of Asceplus – Son of Apollo

Hipocrates is the founder of medicine. Hypocratic Oath = free medical school?

Natural Law vs. Causality

Revelation vs. Rationality

Plinius (Pliny) – Roman who wrote a thirty-seven set volume encyclopedia

Galen – 131-200 AD. Greek doctor/surgeon who went to the Coliseum to study decapitations

200-1200 AD – Dry period of science. There was a reliance on religious dogma.

St. Augustine & St. Monica (mother)

St. Bede

Islam – 1000 AD

Avicenna

Thomas Aquinas & St. Albert (Magnus?)

1543 AD – Father Copernicus had a geocentric view of the universe

1564-1642 – Galileo had a heliocentric view of the universe. Pope John Paul II forgave him.

1564 – Vesalius (anatomist)

“Circulation of Blood”

Greeks thought that the veins contained blood and the arteries were air ducts.

Hiropholus? Detected a pulse in the artery.

Galen – both veins and arteries contained blood back and forth from the heart.

Vesalius – right side to left side of the heart. Little holes. He wrote De Humani Corporis Fabrica, The Way the Human Body Works (1543). He took a pilgrimage to the Holy Land and was lost at sea.

Leonardo di Vinci

Fabricuis – valves in the veins

1628 – Harvey published a 72 page book, De Moto et Sanguinis
tourniquet – arteries come from the heart. Veins go to the heart.

Calculations = 3x body weight per hour

Malphigi – there are connections between the veins and the arteries (capillaries)

Van Helmont- “father of biochemistry.” He grew a 164 pound tree but the soil only lost two ounces.

1577-1644 – Anthony von Leeuwonhook invented the microscope.

Malphigi saw the capillaries under the microscope. Pholgisten?

Vitalism vs. Mechanicalistic

Ethology – study of behavior

Histology

Ecology

Oncology

Redi rejected the theory of spontaneous regeneration.

Linnaeus classified organisms, using binomial nomenclature. Systema Natura.

1744-1829 – Lamarch theorized evolution? Inheritance of Acquired Characteristics?

Cuvier – Paleontologist who examined fossils.

Darwin (& Wallace) – Natural Selection

Malthusian Theory:

Population = geometric

Food = arithmetic

Three Things Needed – starvation, disease, and war

Germs:

Pasteur

Lister – aseptic

Koch – grew bacteria

Petri – petri dish

Jenner – vaccine (vaca means cow)

Botany = plants

Zoology = animals

Anatomy = structure

Physiology = function

Embryology = development

Schleiden and Schwann

Mendel – “father of genetics”

Watson and Crick – double helix. Franklin & ?? not able to get Nobel Prize.

90% of science = today

Szent-Gyorgi?

Science = seeing what everyone else is seeing, but thinking what no else has thought.

Carl Wunderlich – 98.6 degrees ???

1868 – tested 25,000 people

Mackoviak – 98.2 degrees

Hypothesis – possible answer

Experiment – Fig. 1.4 Page 7

Scientific Method

See Fig 1.4 Page 7 for diagram.

Theory – scientifically accepted general principle that explains phenomena

Occum’s Razor – You should only use the bare essentials. Cut out the excess.

Two types of reasoning:

Inductive – collection of observations/make more general

Deductive- theory/general to specific

Serendipitous? – Island of Serenedem

Experimental Method:

1. protocol

2. control group

3. random assignments – removes bias

4. double-blind

5. statistical analysis

Three types of variables – independent, dependent, and controlled

1. method of agreement – factor in common with results. Seldom used. There is a hidden cause

2. method of difference – control and experimental group. Eijkman from Indonesia discovered that vitamin B cured beriberi

3. concomitant variation – change one thing and see if other changes. Parallel effect. Example: In Chicago, rainfall is parallel to car sales.

Hat Problem

Limitations on Science

1. Only questions that yield testable hypothesis can be tested. It cannot be religious or supernatural

2. One cannot get quick results

3. One cannot make value or moral judgments. Example: abortion and the nuclear bomb…judgment and uses are determined by society

Teleogy – should not be used in science

Sources of Scientific Information

1. Basic – talking to each other

2. Seminar – reports to other scientists or students

3. Formal meetings using an abstract, a poster, or a presentation

4. Written communication


a. original paper


b. review


c. monograph


d. handbook


e. textbook

Anthony Von Leeuwenhoek – inventor of the microscope

Z. Jansen – made the compound microscope

Two types of lenses used – convex and concave

Red and Blue Light…how do they affect resolving power??

The naked eye can distinguish two distinct points .1 mm apart.

Light microscope – 200 nm (nanometers = 10-9

An organism can only be examined alive using a dissecting microscope or a special light microscope.

Electron microscopes:

Transmission microscope – 2 nm

Scanning electron microscope – 10 nm

Biology – the study of life

Living = …

1. organized – size and shape

2. irritable – respond to change in environment

3. movement

4. metabolism – anabolism and catabolism

5. growth – increase in living substance

6. adaptation – results from irritability

7. homeostasis – Claude Bernard

8. reproduction

The Cell – Cytology

Robert Hooke ( Royal Society. Wrote Micrographia
Lawrence Oken

Robert Browne ( nuclei

1838/1839

Schleiden – plant cells

Schwann – animal cells

Resulted in that all living things come from cells

Purkinje – protoplasm = cytoplasm and nucleoplasm

1853 – Virchow “father of pathology”

Omnis cellulae cellula = cells from cells

Eukaryotes – 1-100 micrometers

Cell – different size and shape

Electron microscopy is used to gather call information (structure)

Ultracentrifugation is used to study function

To break cells down:

1. grind cells

2. osmotic stress

3. ultrasound

Suedeberg – 1935

80, 000 RPM = 500,000 Gs

Two parts in a test tube after centrifugation = supernatant and pellet

Density gradient is used to separate the different parts of the cell

Brown – nucleus

Parts of the cell:

Cytoplasm – cytosol = endo (sol) and ecto (gel)

Nucleus:

· nucleoplasm

· nuclear envelope (membrane)

· pores/annuli (little holes) 9 nm

· nucleolus – “little nucleus.” There is no cell division when it is taken out. Repository for RNA. Produces ribosomes. Actively producing RNA.

· heterochromatin (non-true) - clumps

· euchromatin (true) – in strands ( chromosomes

Chromosome:

DNA- double helix

AGCT

Phosphate and deoxyribose sugar

60% of chromosomes – histones

Eight different kinds of histones. Example: spacer histone

1 turn = 165?

Core – octomer of histone

Nucleosome?

1.7 meters DNA strain

See Fig. 2.4

“resting” nucleus – not doing anything. NOT TRUE!! The nucleus is always active.

Information in one chromosome = 200 books of 1000 pages each!

Most living things have a certain number of chromosomes

· fruitfly = 8

· mouse = 40

· rabbit = 44

· ferns = 128

· humans = 46

Humans = 46 ( 23 and 23 ( 23 and (22 and 1)

The “one” is the sex chromosome and it determines the sex of the organism. The rest of the chromosomes are called autosomes.

Barr discovered the “Barr body.” In the female cell, it is the dark spot of the nucleus…the inactive X chromosome

Acid + Base = salt and H2O

DN(Acid) and RN(Acid) are basophilic. A basic dye is used such as Meth Blue and Cl-
Cytoplasm contains proteins which are acidophilic. It stains with an acid base. Sodium eosinate

Endosymbiotes = mitochondria and the chloroplasts

1950 – Mitochondria discovered. Had folds with enzymes called cristae

Oxidative and phosphoralative?

The mitochondria:

- consists of a matrix and cristae. ATPase is an enzyme found on the cristae.

The powerhouse of the cell. It converts glucose into energy.

There are 37 genes separate from the chromosomes.

Mitochondria is passed on by mother —> son and daughter

The chloroplasts:

Photosynthetic and anaerobic

Thylakoids form grana. Each granum is connected by a lamellae. The matrix is called the stroma.

Chlorophyll ABCD. According to the absorption spectrum, most violet, blue, orange, and red light are absorbed.

Endoplasmic (inside) Reticulum (network):

It is a membrane network from the nuclear envelope.

Three functions:

· compartmentalization

· channel for moving things

· enzymes

Smooth ER has no ribosomes. Its functions are lipid synthesis, steroids, and bio-transformation. Lots of smooth ER in sdrenal glands, testes, and ovaries.

Rough ER has ribosomes (protein factories). Ribosomes are 25 nm across and 16-17 nm wide. In eukaryotes, they are 40-60 Suedberg units (S). In prokaryotes, they are 30-50S.

Golgi Apparatus/Complex/Body/Dictyosome.

Proteins are transported to the golgi —> prelim, glycoproteins, lipoproteins, cellulose, lipids for membranes, packages. The cis is the area closer to the protein. The trans is the area out of the golgi, closer to the cell membrane.

CENTRAL DOGMA: Section of DNA in nucleus —> mRNA (single strand) —> rRNA with tRNA (attached with an amino acid) —> forms a protein chain

Microbodies such as mucus is secreted. Secretion cells have big golgi bodies.

Secretion/Exocytosis? – making of substance that can be used outside of the cell

Ingestion – take food in system

Digestion – metabolic breakdown of food

Egestion – elimination of indigestible substances

Excretion – elimination of metabolic waste

Endocytosis – taking material in —> phagocytosis (cell eating) & pinocytosis (cell drinking)

Microsomes and Microbodies:

Do not exist in reality. 1941, Claude and Palade won the Nobel Prize. Microsomes are artifacts. Fractured ER, lipids, and ribosomes from centrifugation. Causes protein synthesis.

Microbodies are inclusions of the cell…made in the Golgi.

Lysosomes contain hydrolytic enzymes. Hydrolysis = breakdown using water.

Christian de Duve 1950s

Neutrophils and white blood cells. Important for development. There are 40 diseases that are caused by malfunctioning lysosomes. Tay-Sachs disease affects Jewish…causes them to die in two years. John O’ Brian is an LMU alumni who discovered a way to find out if one has the Tay-Sachs disease.

Peroxisome = H2O2 hydrogen peroxide

Glyoxysomes are found in plant seeds. They are enzymes that convert fats to proteins.

Vacuoles are reservoir in plants. Tonoplasts prevent wilting.

Plastids:

· chloroplast

· amyloplast – stores starch

· leukoplasts – white

· chromoplasts – color in flower petals

Cytoskeleton (microtrabecular lattice) – structures cytosol. Structured, yet dynamic

· shape

· cell movement

· cell division

· framework for positioning and moving substances

There are three major components:

· Microfilaments

The smallest component. 7 nm in diameter. Used for locomotion (movement), structural (in the microvilli because actin filaments can contract?), amoeboid movement, cyclosis, (in cell division) cleavage furrow with actin.

It consists of G actin molecules. A bunch of G actin molecules make an F-actin molecule? They twine around. Phalloidin enhances microfilaments. Cytochalasin B destroys it.

There is a dense network of microfilaments in the cell cortex and the villi.

· Microtubules

25 nm in diameter. It is made of tubulin (alpha) and tubulin (beta).  An alpha and a beta tubulin form a dimer. A bunch of dimers form a protofilament. There are exactly 13 molecules around the ring (LOOK IN THE BOOK).

Its two main functions are axonemal (essential for cilia and flagella) and cytoplasmic (MTOC = MicroTubule Organizing Center where they are formed. Basal body? And centrosome (cell division)??

It maintains the overall shape of the cell. It is responsible for the movement of chromosomes and the movement of substances to the beta (plus) and to the alpha (minus) ends.

MAP = Dynein moves substances to the minus end. Kinesine moves substances to the plus end.

Colchicines- prevents microtubule formation. Important for cancer treatment

Taxol- anti-mitotic drug

· Intermediate filaments

Protein chain with amino and carboxyl end. They have 2 coils. Then, they form tetramers. 48 nm long and 8-12 nm wide. They are the least soluble but the most stable.

Six Classes of Intermediate Filaments

1. Epithelial cell – 15 types

2. Contains keratin – 15 types. Tonofilaments. They give strength to skin tissue

3. fibroblasts (vimentum) and muscles cells (desmin). Gliol cells in brain give it structure.

4. Neurofilament protein gives shape to neurons

5. Nuclear lamina holds nucleus together

6. Nestin – neuronal stem cells. Part of the nervous system.

IF Typing – look in IF in cancer tissue and determine the origin. Diagnostic tool.

Uses of Microtubules

MTOC – cytoplasmic, axonemal, and centrosome (diplosome)

Centriole – central body. Makes spindle fibers. With an electron microscope, you can see two perpendicular centrioles. Made of microtubules. 9 microtubule triplets

Cilia and flagella are made of microtubules.

Basal Body.

9+2 structure. Important for movement

Dynein causes microtubule to bend

Basal Body – kinetosome

Plasma Membrane

· Protecting internal environment

· Regulates

· Allows to interact with cytosol

Overton (and Collander) 1890s

He said that there is a relationship between permeability and the partition coefficient (amount dissolved in amount of oil/amount of water)

Lanneur and the Lanneur Troph. Saw that there is a hydrophobic and hydrophilic end. Single lipid layer.

Gorter and Grendel used red blood cell “ghosts”. Ghosts refer to the membrane w/o cytoplasm. They discovered that it was twice the surface and that twice the amount of lipids are used.

Davson (London) and Danielli (Princeton) -1935

Bimolecular leaflet. 7.5 nm wide. Hydrophilic outside and hydrophobic inside. Glycoproteins and mucopolysaccharides attached to membrane.

Roberton -1959

He had the unit membrane theory. All membranes are the same. WRONGO!!

Nicholson and Singer had the fluid (changing) mosaic (like a mosaic) model

Unwan and Henderson – membrane protein structure

Phospholipid = phosphorylated alcohol – glycerol ( fatty acid/fatty acid?

Different proteins associated with membrane.

Transmembrane – carriers/channels/receptors

Interior – spectrins and clathrins/cytoskeleton

Glycolipid & glycoprotein – help cells stick together. Also, for cell-cell recognition in blood types.

There are integral and peripheral proteins.

Proteins:

1. transport channels

2. enzymes

3. receptors – receive signals

4. identity marker

5. adhere

6. attachment of the cytoskeleton

Diffusion – net movement of molecules from a region of high concentration to a region of low concentration until they are evenly distributed. Thermodynamically, it wants the least amount of energy, but the most entropy.

Two types of Energy: Potential (stored) and Kinetic (active)

Energy = work

Electric or osmotic?

Molecules are in constant motion (temp) at 100 meters per second. Molecules bump into each other causing heat

Osmosis – diffusion across differentially/selectively permeable membranes

Hydrostatic pressure

Osmotic pressure

Molar – 1 mol per L

Molal – 1 L then you add one mol

Osmolar

Osmolal

1 L = 1 kg of water = 55.5 mol or molal?

Colligative properties. 1 mol of substance ( boiling and freezing?

Normal solution = positive charges

Jahn – contractile vacuole

Hypertonic – results in crenation

Isotonic

Hypotonic

In plants, turgor pressure in cell walls?

