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Origin of Life

1. Cosmotic Theory

a. Extraplanetary source of life, brought to earth by comet or meteor

b. Rejected: interplanetary journey and atmospheric entry too harsh

2. Spontaneous Generation (Denovosynthesis or Abiogenesis) Theory

a. Non-living things can produce non-living things
b. Pasteur Disproved

3. Chemical Evolution – MOST ACCEPTED

a. Primordial atmosphere changed (CO2, N2, H2S, H2O, Methane, Ammonia) 
5 billion years ago

b. Ultraviolet Radiation caused water to break down into H + O, 
putting O2 into atmosphere (photolysis)

c. Synthesis Began: atoms joined into molecules which became macromolecules which became Amino Acids, Nucleotides, Small Proteins, Lipids)
Miller & Urey (1953): developed an experiment to recreate primordial atmosphere, obtained molecules of biological significance. Discovered that initial synthesis occurred in oceans and at beaches. 

d. Polymerzation – Formation of proteins & nucleic acids
Dehydration reactions may have begin on rocks or beaches, monomers joined without assistance of enzymes – Spontaneous Process
Syndey Fox: Experimentally formed polypeptides, polynucleotides, RNA segments


4. RNA – first genetic material, may be formed de-novo when certain nucleotides are mixed. Some RNA will act like enzymes facilitating further RNA synthesis (Ribosomes). 
a. “RNA World” = hypothetical period when RNA served as enzymes and genetic material

5. First Cells: Membrane enclosed cooperating molecules.

a. Probionts: primitive cell-like units, gave rise to pro-cells which became prokaryotes
Techniques Used to Study Cellular Organization

1. Microscopy/Magnification  - MOST IMPORTANT

a. Shorter the wavelength of the particles from the illuminator, the greater the power of the microscope

i. Visible light
1. Wavelength is 400-700nm

2. maximum resolving power is .2μm    
(Smallest Bacteria = Chlamydia = 1μm)

3. maximum magnification is 2000x

ii. Electron Microscopy

1. Wavelength is .05Å

2. Maximum resolving power is .025Å

a. Commonly used resolving power is 4Å in biology

3. Maximum Magnification is Millions of times

a. Commonly used is 1000x-400,000x

b. First Microscope: Anton von Leeuwenhoek, observed yeast with microscope
i. J.J. Thompson 1897: wavelengths of electrons (.5 Å)
ii. Rwyloff: wavelengths of electrons (.5 Å)
c. Compund Microscope: Robert Hooke, observed cells in microscope

d. TYPES OF MICROSCOPES

i. Bright Field: visible light

1. colored or clear specimen on light background

2. observation of dead stained organisms (or live w/contrast)

ii. Dark Field, Abbe’s Condenser: Visible light with condenser

1. bright specimen on dark background

2. observation of unstained or hard-to-stain organisms

3. motion is visible

iii. Phase Contrast (Fritz Zirnicke): Visible Light w/ phase-shifting condenser

1. Specimin has different degrees of darkness and lightness

2. observation of internal structures of unstained, living organisms

iv. Nomarski: Visible Light out-of-phase (higher resolution)
1. Image appears 3D

2. observation of finer details of internal structure (unstained/alive)

v. Fluorescence: UV light

1. Bright specimen on dark background

2. Diagnostic tool for detection of organisms or antibodies in clinical specimins or for immunological studies

3. DYES: Fluorochromes (Acridine Orange & Primulin)
vi. Confocal: Laser Light (40x greater resolution)

1. non-fuzzy thin section image

2. observation of very specific levels of specimen

vii. Digital: Computer technology focuses light and takes photographs

viii. Transmission Electron: electron beam & electromagnetic lenses

1. image projected onto a video screen

2. highly magnified image

3. Examination of thin sections of cells for details of internal structure, exterior of cells, or viruses

ix. Scanning Electron: electron beam & electromagnetic lenses

1. provides detailed 3D view of surfaces

2. observation of exterior surfaces of cells or internal surfaces

x. Scanning Tunneling: wire probe to trace surfaces, allowing electrons to move, creating electrical currents that reveal highs and lows

1. provides detailed 3D view of surfaces

2. Observation of exterior surfaces of atoms or molecules


2. Staining

a. Simple & Differential Staining

i. Coal Tar – Derivatives of Benzene Ring

ii. Aniline Dyes (colorless)

iii. Chromophores (Chromophoric Group)

iv. Benzene Ring + Chromophore = Chromogen

1. Colored but not binding

v. AuxoChrome – electrically dissociable group helps binding

vi. A Dye has BOTH auxochromic & chromophoric groups

b. Acidic & Basic Dyes (not truly acidic or basic)

i. Negative charge = acidic

ii. Positive charge = basic

3. Biochemical Analytical

a. ________________________________________________________________



4. Ultracentrifugation-Separation
a. Syedberg – first developed technology

b. Separates sub-cellular components or microbes

c. Density gradient: Sugar or CSCl2 ______________________________________
d. Large molecules travel more quickly to the bottom of the tube

e. S-Value -  measure of how heavy a molecule or subcellular component is
i. Where in the centrifuge tube it falls, compare to known density gradient
ii. Higher S-Value means heavier material

iii. S stands for Sedimentation Constant (or sedimentation co-efficient)
Polyacrylamide Gel Electrophoresis (PAGE)

1. Technique used for separating molecules.
2. Requires Restriction enzymes to specifically “slice” molecules. 

3. Uses Electrical field to stimulate migration of molecules across gel
a. Gel is more dense than liquid so smaller molecules can be accurately measured
b. Proteins are separated on the basis of molecular size

i. Smaller Proteins migrate farther, due to molecular weight and size, they are easily able to pass through pores in the gel

ii. Larger molecules migrate more slowly

4. Once migration is complete, bands of different sized proteins are stained.
5. Bands are measured and compared to other cells or known values.
6. Used in Criminology & Human Genome Research

 Prokaryotic Cells - Primative


1) Conventional Bacteria
a) Size: 2-3μm wide, 3-6μm long
b) Shapes: Cocci (round), Rod/Bacilli, Pleomorphic (irregular)

2) Binary Fission

a) Multiplication of prokaryotes (mitosis-like division)

3) Structures of Prokaryotic Cells

a) Pili/Pilus (aka: Fimbria)

i) Like cilia, small finger-like projections of cell wall

ii) Increase Surface Area, Adhesion, Sexual Exchange of genetic material (conguation) as seen in E.coli
b) Capsule – MAY be present

i) Serves for protection

ii) Presence of a capsule indicates pathogenicity (Streptococcus pneumoniae)
iii) Shown by negative staining (Safranin or Methylene Blue)

(1) Background stained by Inidia Ink

(2) Halo around cell is capsule

iv) Colonies

(1) Smooth = wet, dry, pearly = capsulated & pathogenic

(2) Rough = dry, flat = uncapsulated

c) Cell Wall – Required to be “complete”
i) Strength is derived from strong fibers composed of Heteropolymers

(1) Peptidoglycans or Mucopeptides

(2) Glycopeptide or Glucosaminopeptide

(3) Murein Sacculus

ii) Provides Protection & Structure - RIGIDITY
iii) Gram Staining

(1) Gram Positive 
EX:  S.pneumoniae, Staphylococcus
(a) Blue or Purple
(b) Cell wall heteropolymers HEAVILY cross-linked

(c) Cell wall contains THICK layer of peptidoglycans

(2) Gram Negative
EX:  E.coli, Salmonella

(a) Red or Pink

(b) Cell wall heteropolymers rarely cross-linked

(c) Cell wall contains Lipopolysaccharies

iv) Plasma Membrane (AKA Plasmalemma)
(1) Fluid Mosiac & Phospholipid Bilayer – LIVING/SMART
(2) Selectively Permeable- Gatekeeper

(3) Carbohydrate attachments: glycoproteins & glycolipids

(4) Mycoplasma Bacteria also have cholesterol in membrane

(a) Adds rigidity

v) Rhibosomes
(1) Protein Synthesis

vi) Plasmid

(1) Only in Prokaryotes, inserts new sequences of genetic material     VECTOR
vii) Flagellum

(1) Made of flagellin, low molecular weight

(2) Mobility

viii) Nucleus

(1) Circular

(2) Double stranded DNA

(3) 2000μm wide

(4) Contains 4000-5000 functional genes

(5) Nucleoid _________________________________________

(6) Chromatin _________________________________________

(7) No nuclear Membrane

(8) Not Diploid – genes may be repeated

ix) Chromosomes

(1) _____________________________________________________

Eukaryotic Cell Components
1. Plasma Membrane (Plasmalemma)

a. Phospholipid Bilayer

b. Selectively Permeable barrier between cytoplasm & external milieu

c. Not Visible with Light Microscope

d. 7nm thick Trilaminar structure (each layer = 2.5nm)

i. Outer & Inner layers = Phospholipids & proteins

ii. Inner layer = fatty acid tails

e. Amphipathic Molecules: Phospholipids, Glycolipids, & Cholesterol calyx

2. Glycocalyx – Cell Coat

a. Carbohydrates attached to outside of plasmalemma

b. Protects the cell from physical & chemical injury

c. Assists cell-to-cell adhesion & recognition

3. Microtubule

4. Centriole

a. ONLY IN ANIMAL CELLS

b. Small cylindrical structures (0.2-0.5μm)

c. Arranged perpendicular to each other

d. Located in the microtubule in the vicinity of the golgi apparatus

e. Formation of MITOTIC SPINDLES

f. Guide formation of cilia & Flagella

5. Microvillus (Filopodium)

6. Cillia/Flagella

a. Membrane bound elongated structures

b. More complex than bacterial flagella

c. Motility

d. Ring of 9 microtubule doublets surrounding a central pair (11 total)

e. Extends into basal body, foundation similar to centriole

7. Rhibosome

a. Small Particle (12nm wide, 25nm long)

b. 60% rRNA, 40% protein

c. 2 unit structure 80s (bigger = 60s, Smaller = 40s)

d. Mitochondrial & Chloroplastic rhibosomes even smaller

i. 50s + 20s = 70s total

ii. Same size as bacterial

8. Endoplasmic Reticulum (ER) – largest of the membrane system (HALF)

a. Rough ER (RER)

i. Protein Synthesis – Translation!

ii. Lined with rhibosomes

iii. Abundance of polyrhibosome, polysome

b. Smooth ER (SER)

i. Anastoming Tubules

ii. flattened

9. Golgi Apparatus – Packing House

a. Synthesis of carbohydrates

b. Modification & sorting of proteins made in the Rough ER

i. Some proteins go to golgi for modification

c. Membranes flattened, Cisternae, rimmed with vesicles budding off

10. Nucleus – Contains genetic material (chromatin)

a. Membrane: Nuclear envelope, connected to ER

b. Nucleolus

i. Site of rhibosome production

11. Lysosome

a. Contain hydrolytic & destructive enzymes

b. pH is ALWAYS acidic

c. enzymes within are involved in digestion of phagocytosed material

d. often seen in saliva, tears, urine

e. prevent infection
f. may also contain damaged organelles to be digested
12. Mitochondria – Power House of the Cell

a. Cellular respiration, converting chemical energy from food

b. Outer membrane and folded inner membrane

c. Self-replicating

d. Their own circular DNA, rhibosomes, & protein synthesis

e. Believed to be prokaryotes living within eukaryotes

13. Chloroplasts – PLANT CELLS

a. Photosynthetic organelles

b. Outer membrane and inner network of discs and tubules

c. Believed to be prokaryotes living within eukaryotes

14. Protoplasm – Fluid Matrix within cell

a. Cytoplasm – Suspends organelles, supported by cytoskeleton

b. Karyoplasm – within Nucleolus

15. Cytoskeleton

a. Maintains Shape & Structure of cell,

b. Suspends organelles and other components

c. Protein Filaments

i. Microtubules (Myosin)

ii. Intermediates

iii. Thin Filaments (Actin)

16. Peroxisomes

a. Self-replicating

b. Carry oxidative enzymes

17. Proteasomes

a. Small organelles

b. Contain proteins responsible for proteolysis of malformed proteins

Specific Eukaryotic Cells

1. Plant Cells

a. Cell Wall

i. Made of Cellulose

ii. 10-100 times thicker than plasmalemma

iii. Plasmodesmata (Plasmodesma) cell-to-cell connections

2. Animal Cells

a. No cell wall

b. “Sticky” glycoproteins on outside of plasmolemma

i. Holds cells together

ii. Regulates cell behavior

iii. Maintains connection with cytoskeleton (internally)

c. Cell-to-Cell Junctions

i. Tight Junctions – hold cells firmly creating leak-proof sheet

ii. Anchoring Junctions (Desmosomes) – rivets cells with cytoskeletons

iii. Gap Junctions – Connection channels between cells that allow the movement of cytoplasm

3. Fungi

a. ____________________________________________________________________

____________________________________________________________________

____________________________________________________________________

Chromosomes
1. Humans have 46 diploid chromosomes (23 pairs)

a. Diploid = normal somatic cells = 2n

b. Ploidy refers to the normal multiple of base number of chromosomes

i. n or 2n in most organisms

ii. some plants are 3n or 4n

c. Aneuploidy refers to an ABNORMAL multiple

2. Comprised of highly folded/coiled DNA

a. Single Strand of DNA (2nm wide, 4cm long) coiled

b. Coil of DNA wound onto Histones to form Nucelosomes

i. Each Nucleosome containes 8 histone molecules 

(1) Histones account for ½ mass of eukaryotic chromosomes

(2) “Beads on a String” appearance

(3) Histoprotein contains sulfer

ii. Linked by strands of coiled DNA

iii. Each nucleosome is 11nm wide

c. Nucleosomes coil and fold to 30nm wide

d. Nucleosome coil wraps again and condenses into supercoil.

e. Supercoil loops and folds to Chromosome (1400nm wide)

f. Packagine prevents transcription and causes some genes to be active and others not

i. “Time Action of Genes”

ii. Due to histones

Nuclear Pore Assembly

1. Functions ad bi-directional transport

2. Controls the flow of RNA & rhibosomes across nuclear membrane

3. Small, 100-125nm

4. goes through double nuclear membrane

5. Consists of nuclear pore & glycoproteins

6. Composed of 3 ring-like arrays of proteins, stacked

a. Each ring has 8 fold symmetry

b. Interconnected by spokes

7. includes cytoplasmic fibers & nuclear basket

Important People

	Robert Hooke
	coined the term “Cell”



	Miller & Urey (1953)
	“primordial soup” experiment to recreate a primordial atmosphere and show the formation of building-block molecules



	Oparin & Haldane (1920)
	Preceded Miller & Urey with concept and designed, but couldn’t experimentally prove it and thus the theory was rejected



	Sydney Fox
	experimentally formed polypeptides, polynucleotides, & RNA segments using primordial atmosphere & building block molecules



	Anton Von Leeuwonhoek
	– Father of microbiology

– Developed & Used First Microscope

– Studied yeast, amoeba, eggs, & sperm



	Thompson & Wycoff
(1897)
	Measured the wavelength of electrons (.05 Angstom)
Suggested electrons as a possible light source for microscopes

	Kornberg (1958)
	Created life in a lab, discovered transcription process of DNA



	Pasteur
	Disproved Abiogenesis theory, Pasteurization



	Max Knoll & 
Ernest Ruska (1940)
	Developed first Electron Microscope

	Prusiner (1995)
	Discovered Protein Prions (polymers of nucleotides)



	T.O. Diener
	Discovered Protein Viroids (polymers of Amino Acids)



	Abbe
	Developed Abbe’s Condenser Microscope, which allows us to view unstained or hard-to-stain specimens



	Fritz Zirnicke
	Developed Phase-Shifting condenser microscope which allowed observation if internal structures of living specimens



	Nomarski
	Developed Light Out-of-Phase microscope which produces 3D images



	Syedberg
	Developed ultracentrifugation separation, S-Value is named after him



	Watson & Crick
	Discovered DNA replication & structure



	Stanley Miller
	(of Miller & Urey) worked extensively with centrifugation



	Robert Koch
	Developed “Germ Theory”



	Black
	Wrote Microbiology Textbook




Random Review Info

Prokaryotes Appeared 3500 million years ago

Eukaryotes Appeared 2200 million years ago

Amoeba – unicellular eukaryote

Algae – unicellular or multicellular eukaryote

Polymerase Chain Reaction (PCR) – copying ____________ at thousands per hour
Ribosomes present in prokaryotic cells have S-value of 70

Ribosomes present in eukaryotic cells have S-value of 80
Glycogen is storage polysaccharide
MICROSCOPIC MEASURES:


1 Micron = 1μm = 1 millionth of a meter (10-6m)�1 Nanometer = 1nm = 1 billionth of a meter (10-9m)�1 Ångström = 1Å = 1/10 billionth of a meter (10-10m)





Atrichous = No Flagella





Prokaryotic Bacteria:


Myeoplasma


Ureaplasma


Chlamydia


Rickettsiae


Convential Bacteria


Cyanobacteria








Plasmolysis:�Cells put into Sugar, Salt solution, causing cells to lose water (Exosmosis). Plasmolemma will separate from the cell wall.





# of Diploid Chromosomes:


Ascaris = 4 (nematode)


Humans = 46


Monkey = 42


Corn = 20


Pea = 14


Drosophila= 8 (fruit fly)
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