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Topic 1- Introduction & Cell Features
Learning Objectives
How did life evolve into organisms and cells? (Review from BIO1130 and/or BIO1109)
· What are the different types or classes of organisms?
· What is a cell?
· What is a cell made of? Define the different features, organelles and explain the roles/functions for each
· What are the different scales/sizes for cells and organelles?
· Explain the theory of the cell and the theory of endosymbiosis – can you provide some examples?
· What are the main groups or types of cells and how do they differ?
· Understand the different types of microscopy and their requirements for use in cell biology

Cell Classification
· Prokaryotes: no nucleus 
· Biochemically the most diverse organism
· Include species that can obtain all their energy and nutrients from inorganic chemical sources
· Further divides to bacteria and archaea
· Small unicellular organisms with compact genome
· Eukaryotes: nucleus possessors 

Organelles
Lysosomes (animals): 
· Responsible for degrading certain components that have become obsolete for the cell (metabolic waste). 
· Nucleases degrade RNA and DNA into mononucleotide
· Protease degrade proteins and peptides
· Phosphatases remove phosphate groups from mononucleotides
· If the lysosome burst it can kill the cell, contains digestive enzymes which can damage cells. 

Vacuoles (plants): 
· Store small molecules and enable the cell to elongate rapidly

Peroxisome: 
· Degrade fatty acids and toxic compounds



Mitochondria: 
· Principal sites of ATP production in aerobic cells

Chloroplasts (plants): 
· Sites of photosynthesis (powerhouse of the cell)
· Contain three membrane limited compartments
· Plastids: chloroplasts, amyloplasts, chromoplasts. 
· Eukaryote e.g. with chloroplast is plant, prokaryote e.g. is algae

Endoplasmic Reticulum: 
· Network of interconnected internal membranes 
· Smooth: synthesize fatty acids and phospholipids
· Rough: synthesize certain membrane and organelle proteins and virtually all proteins to be secreted from the cell. 
· Ribosomes: translation (protein synthesis)

Golgi Vesicles: 
· Process and sort secretory and membrane proteins 
· Proteins are packages transported from rough ER to Golgi, chemical and structural changes, packages can be secreted out of the cell or carried to other organelles. 

[bookmark: _GoBack]Nucleus: 
· Double membraned, contains nucleolus and a fibrous matrix
· Stores genetic information within a membrane
· Nucleoid (plant): Area without membrane where DNA is stored
· Nucleolus: assembly of ribosomes

Cytoplasm: 
· Site of transcription of DNA to mRNA

Cytosol: 
· Contains many particles and cytoskeletal fibers
· Major site of cellular metabolism

Cell Wall: 
· Plasmodesmata: pores to fit things through the cell wall (e.g. water, ions)

Cytosol: 
· Aqueous media within the cell 


Endosymbiosis 
“The endosymbiotic theory describes how a large host cell and ingested bacteria could easily become dependent on one another for survival, resulting in a permanent relationship. Over millions of years of evolution, mitochondria and chloroplasts have become more specialized and today they cannot live outside the cell.”
Evidence of the Theory of Endosymbiosis:
· Morphology: shape of mitochondria and chloroplasts and size (um) are similar to bacteria and archea 
· Reproduction: only by binary fission
· Genome: circular mDNA and cpDNA
· Transcription and translation: machinery in place
· Electron transport: double membrane with ETC
· Sequence: bacterial branch on tree of life (mitochondria = proteobacteria; chloroplasts= cyanobacteria) 

Microscopy
· Light microscopes require cells to be fixed and stained. 
· Fluorescent microscopes find specific molecules using fluorescent dyes to find antibodies 
· Dark or bright field microscopes look at living cells with phase contrast. 
· 3D: Confocal microscopy and image deconvolution
Learning Session
· Cell theory (is it a cell?): 
· All organisms are composed of one or more cells
· The cell is the basic structural and functional unit of all living organisms (Schwann, 1839)
· Cells arise only from division of pre-existing cells (Virchow, 1855) 
· General cell features
· Wide range of sizes (nm to m) 
· Simple or complex shape related to function
· General or very specialized role
· Components – membrane, cytoplasm, not necessarily nucleus. 
· Basic chemistry
· Metabolism (ATP) – not the same, and waste disposal. 
· DNA -- All contain a way of storing or possessing genetic information. 
· Prokaryotes vs. eukaryotes 
· Prokaryotes have additional layers to the plasma membrane for extra protection (rigidity, movement). 

	
	Prokaryotes
	Eukaryotes

	Cell Size
	Small
	5-20x bigger

	Cellular Organization
	Simple
	Network of internal membrane structures, surrounded by cytosol. 

	Genome
	Plasmid
	Linear genomes (protein association) 

	Organelles
	
	Ribosomes do not have a compartment, with varied functions depending on cells role. 



· Bacterial cells: 
· No internal compartment, no nucleus, no organelles. 
· Unprotected DNA: 
· DNA is more vulnerable. 
· Simpler, more transferable, easily adaptable, 
· Transcription and translation occur much faster. 
· Kleptoplasty: process of sea slug stealing chloroplasts from vaucheria litorea

Questions
What is a cell?
· Something that contains genetic information

Are there any life forms that exist that do not have any cells? NO. 
· Viruses are not organisms because they require a host cell, therefore it’s not living. 
· Reference cell theory. 

Why are cells small?
· SA:V ratios – diffusion rates
· Adequate concentrations or synthetic capacity (I don’t understand this) 

What elements of organism can we use to classify them in phylogenetic trees?
· Cell membrane – the content (phospholipids) 
· RNA sequencing – ribosomal RNA is specific to species
· Hints: 
· Prokaryote or eukaryote
· DNA sequencing– won’t be precise enough
· Type and number of flagellum

What is transcription?
· DNA to RNA, within the nucleus. 

Where does translation begin?
· mRNA converting into protein, within the rough endoplasmic reticulum (ribosomes)
· Afterwards go to the Golgi. 
· Mitochondria has its own genome; therefore, it can transcribe and translate its protein. 
· Able to do that because it used to be separate. 
· Difference between smooth and rough endoplasmic reticulum
· Smooth synthesises lipids

Droopy plants: 
· When the vacuole fills, it helps to keep the plant supported. Without osmosis, it cannot fill with water, as such cannot exert pressure. 
· Tonoplast is the name of the membrane on the vacuole. 

What distinguishes eukaryotes from bacteria and archaea?
· Nuclear envelope (separating DNA from the rest of intracellular components)
· Membranous compartments with specific roles (ER, mitochondria, etc.)

Possible exam question: 
· Organizing size comparatively (not memorising their size) 
· Which type of microscopy is most appropriate based on what you’re doing? 
· Labelling organelle from a cartoon. 
· What distinguishes eukaryotes from bacteria and archaea?
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