OBJECTIVES:
· What is a cell?
· What is it made of? Name organelles and their roles/functions
· Comparing scales/sizes for cells/organelles
· Explain cell theory (theory of the cell?) and endosymbiosis
· Explain and compare main types of cells
· Explain different types of microscopy and use in biology

History
Mid 1600s
· Hooke made a microscope using principle of telescopes in reverse
· Wanted to know how plants grew bigger
· First looked at cork = dead cells, only cell walls remained
· Small rooms  cellulae  cells
· Leeuwenhoek made a better one around the same time
Mid 1800s
· Cell theory
· All organisms are made of one or more cells
· Cells are the basic structural and functional units of all living organisms
· Cells arise from other cells by division (life comes from life)o

Cell features
· Common characteristics
· Components (some organelles)
· Basic chemistry, rxns to accomplish important biochemical activities
· Metabolism using ATP, converting nutrients to energy
· Genetic material DNA
· Differences in diversity
· Wide range of sizes
· Simple or complex shape depending on fxn
· General or specialized roles

Cell size and fxn
· Micrometre = 10^-6 metres
· Nanometre = 10^-9 metres
· Prokaryote size 1-5 micrometres
· Eukaryote size 10-100 micrometres
· Eukaryotes > nucleus, prokaryotes, mitochondria > viruses > ribosomes > proteins

Microscopy
· Light microscope
· Uses light to illuminate specimen
· Bright field: light transmitted through specimen, sometimes dyed
· Dark field: angled illumination, bright image seen where specimen scatters light
· Phase-contrast: refraction differences caused by density is seen
· Nomarski/differential interference contrast: similar to phase contrast, enhancing density to give 3D effect
· Fluorescent: fluorescent-stained parts of specimen glow under UV light
· Confocal laser scanning: fluorescent-stained specimen is scanned by laser, single plane is seen, sharper 3D
· Electron microscope
· Uses electrons to illuminate specimen
· Higher resolution (shorter wavelength = better)
· Transmission electron (TEM): electron beam hits specimen in vacuum, parts that scatter electron are dark (viewing internal)
· Scanning electron (SEM): electron beam scans over specimen, excited electrons (brighter)  on specimen surface are converted to a 3D image (viewing surface)
· [image: Researchers discover simple coating technique using tannic acid and iron]

Why are cells small?
· Cells are small bc of high surface requirement for volume SA:V
· As cells grow bigger, volume increases at higher rate than surface area does
· Cell would need more nutrients, etc. using surfaces to carry out fxns
· SA importance includes for nutrients intake, expelling waste, keeping crucial concentration gradient (allowing for biochemical rxns, keeping pH)
· Available SA limits volume growth, cell would also have to work harder when bigger
· More efficient to have many small cells than one big cell
· Cells can remain individual or assemble with similar ones to carry out a greater fxn

2 main types of cells
· Prokaryotes
· Unicellular bacteria/archaea
· About mitochondria size, 1-5 micrometres
· Small genome with plasmids
· Simple but adaptable
· Eukaryotes
· Unicellular protists, multicellular plants/fungi/animals
· 10-100 micrometres
· Larger genomes with associated proteins
· Complex, has transport systems, compartmentalization
· Do not change/adapt as easily because change involves more parts, larger genome

What about viruses?
· Not life forms on their own, need hosts to do life fxns
· Not belonging to tree of life, organisms are on the edge of life form

Model Research organisms
· Model organisms have rapid, development, short life cycles, small adult size, making them easy to research
· Observing these small simpler organisms helps us understand biological processes in larger complex organisms
· Ex. E. coli, baker’s/brewer’s yeast, fruit fly, free-living nematode (“the worm”), thale cress (plant), zebrafish, mouse, anole (lizard).

Prokaryotic cells
· No nucleus, instead a central region called the NUCLEOID contains the DNA but is not membrane bound
· DNA is one big loop supercoiled to be dense
· 3 most common shapes: sphere, rod, spiral
· RIBOSOMES are present for protein production (from RNA transcription, translation)
· [bookmark: _GoBack]3 membrane layers: plasma membrane, cell wall, capsule
· Plasma membrane is encased in CELL WALL and CAPSULE, providing rigidity, protection
· Capsule is only when GLYCOCALYX layer is hardened, otherwise it is SLIME LAYER (loose)
· Membrane regulates ins and outs, contains ATP making system
· Have similar cytoskeletal structures to eukarya
· No internal membrane, no organelles (except ribosomes), no compartmentalization
· Main transport by FLAGELLA: rotates in a socket
· Is made of microtubules?, proteins, does wave mvmt (very efficient)
· Some have PILI, cell wall extensions for attachment (ex. SEX PILUS attaches to other prokaryote during mating) They do mvmt similar to cilia
· Pili are made of piline protein. For anchoring, moving, protection.

Prokarya: bacteria and archaea
· Bacteria and archaea used to be in same domain due to similar appearances
· But archaea turned out to be more similar to eukarya (ex. similar rRNA, phospholipids)

Eukaryotic cells
· Membrane bound organelles, compartmentalization
· DNA is protected in nuclear double membrane
· Centriole, no capsule
· Use of internal transport system: motor proteins, microtubules, microfilaments, vesicles
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