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Archaean Eon

(3800 - 2500 Ma)

Aerobic:

· Requires oxygen
· Switch from anaerobic to aerobic conditions at the end of Archaean Era by bacteria such as cyanobacteria
· These bacteria used light and split water molecules to create the carbon-carbon bonds of glucose, and produced oxygen as a metabolic waste
· Those small little bacteria produced the ozone layer we have today, and all the initial oxygen that set the stage for the first unicellular eukaryotes - the Kingdom Protista
· These bacterial cells will ultimately become the plastids of the photosynthetic eukaryotes
· Aerobic organisms require oxygen for cellular respiration, which is the process of breaking down pyruvate during the Krebs cycle, and making ATP by oxidative phosphorylation
· Takes place in the mitochondrion
· Much more effective way of generating ATP than anaerobic respiration (fermentation)
· At first, oxygen was dissolved in the water, and forced anaerobic prokaryotes to take refuge in the deep oceans where the toxic oxygen didn’t accumulate
· Oxygen started to appear in the atmosphere, and oxidized the minerals of the earth the earth began to rust
· Appearance of oxidized minerals in the earth’s rocks identifies the end of the Archaean eon and the start of the Proterozoic
· Oxygen accumulated in the atmosphere where it reacted to form ozone - ozone filtered  out the ultraviolet light that caused damaging mutations in organisms that lived close to the surface of the oceans
Anaerobic:

- No oxygen
· Hadeon and beginning of Archaean Eons were anaerobic conditions
· Anaerobes are organisms that do not require oxygen to live - oxygen is often even toxic to anaerobes - some extremophiles 
· Oxygen in our atmosphere came from metabolic waste of anaerobes when they used light and split water molecules to form carbon-carbon bonds in glucose
Antibiotic resistance:

· Bacteria that are resistant to antibiotics - “Superbugs”
· Bacteria is able to survive exposure to an antibiotic
· Natural selection amongst bacteria - survivors have traits that they pass on through horizontal gene transfer (conjugation, transduction, transformation)
· We produce artificial chemicals to attempt to control bacteria, we don’t kill everything, and those that remain have resistant traits that they pass on 
· Many antibiotic resistance genes reside on plasmids, facilitating their transfer
· Example: Tuberculosis
· We now use “drug cocktails” to attempt 100% kill
· Major cause is the widespread use and misuse of antibiotics
Archaea:

· One of the 3 Domains of life
· Prokaryotes were divided into two groups - Bacteria and Archea
· Include some of the oldest living organisms
· Reproductive diversity - horizontal gene transfer
· Metabolic diversity
· Thrive best under extreme conditions, e.g. high salts, extreme temperatures
· Methanogens, Extreme halophiles, Extreme Thermophiles
· Many live in anaerobic conditions
· Unique lipid composition of the plasma membrane
· Methanogens recycle organic material - landfill sites are being mined for their accumulated methane that is now tapped as fuel
ATP Synthase:

· A membrane-spanning protein enzyme complex that couples the energetically favourable transport of protons across a membrane to synthesize ATP
· In animal cells it is found in the mitochondrial membrane
Autotroph:

· Producers in the food chain
· Produces its own food
· Organism with a metabolic process capable of building organic carbon molecules such as glucose
· Uses (reduces) atmospheric carbon dioxide (gaseous form)
· Often use water as reducing agent
· Release waste as a product, often in the form of O2
· The most complex carbon-carbon bonds are built by living organisms
· e.g. Phototrophs, Chemoorganotrophs, Chemolithotrophs
Bacillus bacteria:

- Prokaryote, Domain Bacteria

· Gram positive
· Rod shaped
· Can stay dormant for extended periods
· A type of bacillus causes anthrax
· Endospore at one end
Bacteria (Eubacteria):

· One of the 2 Domains of Prokaryotes
· “Living Fossils” - no reason to change in 2.5 billion years, perfectly adapted and can get their energy from anything, and the carbon in any form
· Bacteria are the most metabolically diverse organisms - use all six metabolic types
· Morphologically diverse - rods, spheres (cocci), rods (bacilli), spirals (spririlla)
· One of the oldest living organisms on earth - started during the Archean eon
· Primary endosymbiosis - mitochondria in animals, plants also engulfed cyanobacteria to form chloroplasts
· A-sexual reproduction - horizontal
· Cytoplasm surrounded by a lipid membrane which encloses the contents of the cell
· No membrane-bound organelles 
· Circular chromosome in the nucleoid - compact DNA (no chromosomes) supercoiled tightly to protect DNA
· Second piece of DNA - the plasmid 
· Peptidoglycan cell wall made from polysaccharide chains cross linked by peptides containing D-amino acids
· Gram-positive and Gram-negative cell walls
· Usually smaller than eukaryotes - one tenths the size of eukaryotic cells
· Haploid
· No introns
· Any mutations or changes in the DNA sequence of the genome that occur are going to be expressed, because there is no second copy of the gene or DNA sequence as in the chromosomes of diploid organisms
· Important role of nitrogen fixation
· Pathogenic forms cause disease in plant and animals
· Decomposition
Bacterial flagellum:

· Not all bacteria are motile, but those that re have the same molecular motor driving the flagellum
· Consists of three parts: the flagellum, the hook ,and the basal structure/motor
· Flagellum made up by the polymerization of thousand of copies of just one protein
· Flagellum is connected to the basal structure/motor using the hook
· Hook joins the flagellum and the motor
· The motor includes a series of proteins, that because of their amino acid compositions, span the plasma membrane to form rings
· The number of rings depends on whether the bacterium is Gram-positive or Gram-negative
· There is a pair of rings associated with each membrane - 4 in G-n, 2 in G-p
· The motor is driven by a proton gradient
· Hydrolysis of ATP moves a proton across the inner membrane, and as they accumulate, a proton gradian from outside to the inside of the bacteria begins to build
· The only way for the proton to move down the gradient is to pass through the opening in the motor proteins
· As they pass through the motor protein, the energy is used to create a conformational change in the motor proteins that moves the central rotor attached to the hook that spins inside the rings embedded in the plasma membrane.
· Switch proteins can change whether the motor is spinning clockwise or counter clockwise
· The whole complex is made up of 20 proteins
Bacteriophage:

· A virus that infects bacteria
· Consist of an outer protein capsid enclosing genetic material
· May have a lytic cycle, lysogenic cycle, or both
· Takes over a bacterial cell and kills them during the lytic phase of the viral life cycle
· The virus takes over the host cell’s replication, transcription and translation machinery and uses it to replicate its genome
· Responsible for transduction horizontal gene transfer in bacteria 
Binary fission:

· Simplest form of bacterial reproduction
· When the bacterial genome is duplicated, each copy links itself to the cell wall
· Ass the cell divides, a copy of the genome ends up in each of the daughter cells
· The plasmid replicates itself independent of the division cycle of the bacterial cell
· When the bacterial cell divides, the plasmids and other cytoplasmic elements, including the ribosomes, are partitioned randomly between the two daughter cells
· The plasmid may also be incorporated into the genome of the bacterium - if so, the plasmid DNA is replicated at the same time as the bacterial genome
Capsule:

· An external layer of sticky or slimy polysaccharides coating the cell wall in many prokaryotes
· Forms a glycocalyx over the surface of the bacterial cell
· Functions include: sticking bacterial cells together to form biofilms as a defense against bacteriophages and phagocytosis by protists, or the immune system of other organisms
Cellular respiration:

· The process by which energy-rich molecules are broken down to produce energy in the form of ATP
· Set of metabolic reactions that take place in the cells of organisms to convert biochemical energy from nutrients into ATP
· Release waste products
· Catabolic reactions
· Redox reactions
· Occurs in the mitochondrion of eukaryotes 
· One of the key ways a cell gains useful energy to fuel cellular activities such as biosynthesis, locomotion, or transportation of molecules across cell membranes
· Organisms that use oxygen as a final electron acceptor in respiration are aerobic, while those that do not are anaerobic
Cellulose:

· Organic compound
· Polysaccharide consisting of a linear chain of several hundred to over ten thousand linked glucose units attached by glycosidic bonds
· Structural component of the primary cell wall of plants - gives it rigidity
· Most common organic compound on earth 
Chemolithoheterotroph:

· Source of high energy electrons: minerals
· Source of carbon: Organic carbon
Chemolithotrophs:

· Source of high energy electrons: minerals
· Source of carbon: Carbon dioxide
Chemoorganoheterotroph:

· Source of high energy electrons: organic compounds
· Source of carbon: organic compounds
Chemoorganotroph:

· Source of high energy electrons: Organic compounds
· Source of carbon: Carbon dioxide
Chitin:

· A polysaccharide
· Contains nitrogen
· Main component in the cell wall of fungi
· Main component of the exoskeletons of arthropods i.e. crustaceans (crabs, lobsters)
· Main component of exoskeletons of insects
Circular genome:

· Form of DNA found in bacteria, archaea, viruses
· Form of mitochondrial DNA and plastid DNA
· No chromosomes, or second complementary loop (haploid)
· Folding pattern of the genome protects the DNA
· Located in the nucleoid, no membrane
· Second piece of circular DNA - the plasmid
Coccal bacteria:

· One of the three distinct types of morphological shapes in bacteria
· Spherical shaped
·  Often arrange themselves in groups - clumps or chains
· example: streptococcus 
Conjugation:

· If a bacterium with pilli (and F-factor) encounters one without, the two become connected
· A single stranded copy of the plasmid DNA is transferred from the F-positive to the F-negative bacterial cell
· The complementary strand is produced, and the bacterial cell now contains a plasmid 
· Horizontal gene transfer
Cyanobacteria:

- Ancient Phylum of bacteria, thought to have come into existence 3.8 billion years ago

· Obtain their energy through photosynthesis (first photoautotrophs)
· Throughout the Archaean eon, transformed the planet into an aerobic environment
· Tremendously successful, still around today, but in aerobic form
· Through endosymbiosis, became the mitochondrion and chloroplasts in plants
Daughter cell:

· 2 identical cells that are the result of mitosis in eukaryotes and binary fission in prokaryotes
· Identical to parents
· Asexual reproduction
· Diploid in eukaryotes, haploid in bacteria and archaea
Electron donor:

· Chemical entity that donates electrons to another compound in redox reactions
· It is the reducing agent, and oxidize itself
· Example: during cellular respiration of plants, water donates an electron when it is split
Electron receptor:

· Chemical entity that receives electrons from another compound in redox reactions
· Is the oxidizing agent, and reduced itself
· Example: during cellular respiration in animals, during the electron transport chain/chemiosmosis, oxygen is the final electron acceptor
Electron transport chain:

· Couples electron transfer between electron donor such as NADH and electron acceptor such as oxygen with the transfer of H+ ions (protons) across a membrane 
· Proton gradient across the membrane generates chemical energy
· Electron transport chains are the cellular mechanisms used extracting energy from sunlight in photosynthesis, and from redox reactions in cellular respiration
Endosymbiosis:

· The theory that mitochondria and plastids (chloroplasts) originated as free-living bacteria that were engulfed by another cell
· Mitochondria is more efficient at generating ATP - eukaryote cell uses ATP, and provides mitochondrion with pyruvate
· Mitochondria and Chloroplasts have their own DNA that is circular, and similar to that of bacteria
· Ribosomes similar to those of bacteria
· Similar in size to bacteria
· Replicate through binary fission like bacteria
· Primary endosymbiosis involves the engulfment of a bacterium by another free living organism
· Secondary endosymbiosis is when the product of endosymbiosis is itself engulfed and retained by another free living eukaryote
Eukaryota:

· One of the three major taxonomic Domains
· Organisms whose cells contain complex structures (organelles) enclosed within a membrane - endomembrane system
· Have a nucleus enclosed within a membrane, where DNA is contained
· 2 types of cellular division - mitosis, a-sexual, 2 identical daughter cells, and meiosis - 4 haploid gametes with a unique mix of the parental chromosomes
· Larger cells than prokaryotes
· DNA divided into chromosomes
· Split into 3 Kingdoms - Animaliae, Plantae, Fungi
· Unicellular eukaryotes (protista) came into being at the end of the Archaean era as the atmosphere started to contain oxygen
· Exist as unicellular as amoebae
· Exist as multicellular organisms with specialized tissues 
Extremophile:

· Organism that thrives in physically or geochemically extreme conditions that are detrimental to most life on Earth
· Present in both the domain Archaea and Bacteria
· Possible extremophiles came to earth on meteorite (Panspermia theory)
· Extreme temperatures (high or low)
· Areas with high concentration of sulfur
· High salt concentration
· Extremely acidic/basic conditions
Fermentation:

· Lactic acid fermentation in living organisms, first discovered by Louis Pasteur
· Anaerobic respiration (usually)
· Glycolysis (first step in cellular respiration) - much less efficient way of generating ATP from the spitting of glucose molecules
· Alcoholic fermentation is the conversion of pyruvate into ethanol and carbon dioxide
· Primitive eukaryotes were only capable of producing ATP in anaerobic conditions through fermentation, until they consumed bacteria to become mitochondria
Flagellar hook:

· One of the 3 major structural components of bacterial flagellum
· Attaches the flagellum filament to the basal structure/motor
Flagellar motor:

· One of the 3 major structural components of bacterial flagellum - also referred to as the basal structure
· Includes a series of proteins, that due to their amino acid compositions, span the plasma membrane to form rings
· The motor is driven by a proton gradient
· The only way for the protons to move down the gradient is to pass through the opening in the motor proteins
· As they pass through the motor protein, the energy is used to create a conformational change in the motor proteins that moves the central rotor attached to the hook that spins inside the rings embedded in the plasma membrane
· Switch proteins can switch whether the motor is spinning clockwise or counter clockwise
· Only made up of 20 proteins
Flagellum:

· A long, threadlike, cellular appendage 
· Responsible for movement
· Found in both prokaryotes and eukaryotes, but with different structures and modes of locomotion
· Evolutionarily unrelated in prokaryotes and eukaryotes - analogous 
F-negative and F-positive bacteria:

· F-plasmid/F-factor (fertility factor)
· Plasmids are a second pice of DNA in bacteria that reproduce independently of the cell cycle
· Plasmids are also capable of transferring themselves between bacteria
· The presence of a “fertility gene” on the plasmid produces pilli on the surface of the cell wall (F-positive)
· If a bacterium with pilli encounters one without, the two become connected (conjugate), and a single stranded copy of the plasmid DNA is transferred from the F-positive bacterium to the other F-negative bacterial cell
Gram-negative bacteria:

· Peptidoglycan layer is a thinner layer sandwiched between an inner and outer plasma membrane
· Two plasma membranes with the periplasm between
· The additional outer plasma membrane prevents the staining of the peptidoglycan layer
· Often pathogenic - the outer lipid layer contains endotoxins that make the bacteria toxic
· Outer lipid layer also prevents penicillin from damaging the peptidoglycan layer
· The Gram stain does not take
Gram-positive bacterial:

· Peptidoglycan layer is thick, and on the outermost surface of the bacterium
· Because the thick layer of peptidoglycan is exposed, it can be easily damaged by penicillin and other antibiotics
· Peptidoglycan cell wall composed of dimer sugar molecules, and amino acids that give rigidity to the cell wall
· Not pathogenic
· May or may not have a capsule
· Stain takes
Halophiles:

· Extremophiles - usually archaean
· Thrive in environments with very high concentrations of salt
· Live in places like the Great Salt Lake, and the Dead Sea
Heterotroph:

· One of the two major subdivisions of metabolic pathways
· Heterotrophs build using carbon that already exists as part of an organic carbon-carbon bond
· Acquires energy and nutrients by eating other organisms or their remains 
· Autotrophs supply the organic carbon that heterotrophs build with
· E.g. Photoheterotrophs, Chemoorganoheterotrophs, Chemolithotrophic heterotrophs
Horizontal gene transfer:

· A-sexual method prokaryotes use to replicate (Domains Bacteria and Archaea)
· Major reason for antibiotic resistance
· Various methods result in extreme diversity
· Mechanisms include:
· Binary fission
· Conjugation
· Transformation
· Transduction
Lithotrophs:

· Organism that uses an inorganic substrate (usually of mineral origin) to obtain energy
· Can obtain carbon by either carbon dioxide or organic molecules
· Often extremophiles
Metabolism:

· Based on how organisms get high energy electrons - Photons from sun, energy stored in Carbon-Carbon bonds in organic compounds, from minerals
· Source of Carbon - From atmospheric CO2 or preexisting organic compounds
· Combining these two categories, there are 6 types of metabolism
Methanogens:

· Microorganisms that produce methane as a metabolic byproduct
· Domain Archaea
· Extremophiles
Monera:

· One of the taxonomic groups in the 5-kingdom classification system
· Kingdom Monera contains unicellular organisms without a nucleus i.e. Prokaryotes
· Organisms in kingdom Monera were divided into two domains - Archaea and Bacteria
Nitrogen fixation:

· Metabolic process by which Nitrogen (N2) in the atmosphere is converted (reduced) into ammonia (NH3)
· Bacteria and Archaea, Lightening
· A process that is essential for life 
· Many essential basic building blocks of life contain Nitrogen - Nucleotides, DNA, RNA, amino acids, proteins
· Part of the nitrogen cycle that moves nitrogen between the huge atmospheric gaseous molecular nitrogen, and several much smaller pools of nitrogen-containing compounds in soils, marine, freshwater, and living organisms
· Nitrogen makes plants grow faster - nodules are swellings in the roots of legume plants that house the bacteria responsible for capturing atmospheric nitrogen
Nucleoid:

· Specialized region of the cytoplasm of prokaryotes where the circular double helical supercoiled genome is located
· The central region of a prokaryotic cell
· No boundary membrane separating it from the cytoplasm
· Location where DNA replication, and RNA transcription occur
Oxidized:

· Substance from which the electrons are removed during a redox reaction
· After reaction have a more positive charge
· Reducing agent
Pathogen:

· An infectious agent/germ
· Microbe or microorganism such as a virus, bacterium, prion, or fungus that causes disease in its animal or plant host
· The human immune system and helpful bacteria present in the body’s normal flora are natural defense mechanisms against pathogens
· In bacteria, Gram-negative bacteria are often pathogenic
· Eg. Viruses cause: Smallpox, influenza, ebola
· Eg. Bacterial pathogens cause: tetanus, typhoid fever. Bacteria can often be killed by antibiotics that destroy the peptidoglycan cell wall
Penicillin:

· Group of antibiotics derived from fungus
· Historically significant because they were the first drugs that were effective against many previously serious diseases such as syphilis and infections caused by streptococci and staphylococci 
· Still widely used today, but many types of bacteria are now resistant
· Usually used to treat Gram-positive organisms
Peptidoglycan:

· Cell wall in bacterial cells
· Composed of two different sugars that form a dimer, and these dimers are then strung together. Every second sugar has four amino acid peptides attached to it. 
· The small peptide chain is the key for allowing two different peptidoglycan fibers to interact
· An enzyme will form covalent linkages between the two terminal amino acids of the peptide chains belonging to two different peptidoglycan molecules, which repeated multiple times is the basis for the peptidoglycan layer’s strength and rigidity
· Common to both Gram-positive and Gram-negative bacteria, but only stains on Gram-positive bacteria due to the thick peptidoglycan layer being out the outermost of the cell
Periplasm:

· Space between the peptidoglycan cell wall and cell membrane of bacteria cells
· Gram negative cells have 2 plasma membranes with the periplasm between them
· Contains a peptidoglycan chains gel containing enzymes, nutrient binding and transport proteins, antibiotic resistant proteins
· Enzymes in the gel are involved in various biochemical pathways including peptidoglycan synthesis, electron transport
Photohetertrophs:

· Heterotrophic organisms that use light for energy, but cannot use carbon dioxide as their sole carbon source
· Source of high energy electrons: Sunlight
· Source of Carbon: Organic compounds
Photosynthesis:

· The conversion of light energy to chemical energy in the form of glucose, and other organic molecules
· Phototrophs use sunlight as the source of energy, split water, and release O2 as waste
· Vital for aerobic life on earth
· Primary producers use photosynthesis
· Occurs in plants, algae, bacteria
Phototrophs:

· Organisms that use light’s energy to build carbon-carbon bonds (Photosynthesis)
· Photon energy knocks electrons into a higher energy state 
· As electrons are transferred through redox pairs, the energy is transferred into the chemical bonds of glucose
· Most phototrophs are Autotrophs
· First Phototrophs are cyanobacteria that  are responsible for oxygen in atmosphere
· Also Photoheterotrophs - who still produce ATP through photophosphorylation, but use organic compounds to build structures
Pilli:

· Hairlike appendages found on the surface of many bacteria
· Appendage required for bacterial conjugation
· Conjugative pilli allow the transfer of DNA between bacteria 
· Encoded by the fertility factor
· If a bacterium has pilli, it is F-positive
Plasmid:

· In bacteria, plasmid is a DNA molecule that is separate from the bacteria’s genome
· Replicate independently of the division cycle of the bacterial cell
· When the bacterial cell divides through binary fission, the plasmids are partitioned between the two daughter cells
· Plasmid may be incorporated into the genome of the bacterium, and can remain there for many generations
· Plasmid contains F-factor, which codes for sexual pilli to initiate conjugation
Prokaryote:

- Exist in both Archaea and Bacteria taxa

· Group of organisms that lack a cell nucleus, or any other membrane-bound organelles
· Reproduce a-sexually, horizontal gene transfer
· Ancient organism, came into existence in anaerobic form at beginning of Archaean Era, split into two as Archaea and Bacteria
· Smaller than eukaryotes, smaller ribosomes, no mitochondria, etc..
· Contain a single loop of chromosomal DNA stored in the area of the cytoplasm called the nucleoid, and a second DNA loop called the plasmid
· Extremophiles
· Motile prokaryotes have a flagellum with containing flagella, hook, and basal structure
Proton gradient:

· When protons are moved across a membrane to accumulate a difference in charge (gradient)
· A form of stored energy
· Occurs in cellular respiration in the electron transport chain of the mitochondria, where protons accumulate between the inner and outer membrane, before falling through the hollow core of the ATP synthase
· Method of driving a bacterial flagellum motor
Redox pair:

· Redox reaction is a coupled oxidation-reduction reaction in which electrons are removed from a donor molecule, and simultaneously added to an acceptor molecules
· Chemical reactions in which atoms have their oxidation number changed
· The pair of an oxidizing and reducing agent that are involved in a particular reaction
· Example NAD+/NADH in cellular respiration, which contributes to a proton gradient that drives the synthesis of ATP in the mitochondria of eukaryotes
Reduced:

· In a Redox reaction, the substance that receives electrons is reduced
· Reduced substance is oxidizing agent
· Becomes more negative in charge
Ribosome:

· Ribosomes are made from RNA and protein
· A particle that assembles amino acids to form proteins 
· Translates the genetic information from RNA into proteins
· Part of the central dogma of biology - DNA is used to make RNA, which is used to make proteins
· Exist in all major Domains of life
Spirochete bacteria:

· Gram-negative
· Helical
· Chemoheterotrophic
· Axial filament type of filament type of flagellum located in periplasmic space, giving the bacterium a corkscrew-type of movement
Stromatolites:

· Layers of ancient fossilized cyanobacteria
· Formed in shallow water
· Provide some of the most ancient records of life on Earth (Precambrian)
Thermophiles:

· A type of extremophile that thrives at extremely high temperatures or extremely low temperatures
· Some are Bacteria, other Archaean
· Would be located around deep sea hydrothermal vents
Transduction:

- Form of horizontal gene transfer in bacteria initiated by bacteriophage

· Normally the DNA of the bacteria disappears during viral infections, but occasionally a piece may remain intact, and when the assembly step for the new viral particles is initiated, it my be encapsulated instead of the viral copy of the genome
· This results in a bacteriophage containing a pice of bacterial DNA instead of viral DNA
· This bacteriophage is capable of injecting its genetic load into another bacterium
· The bacterium has a new piece of bacterial genome that it may incorporate into its genome
Transformation:

· A form of horizontal gene transfer by bacteria
· Bacterium can absorb a DNA strand from the external environment, and splice it into their own genome
· Sometimes it works and a new gene sequence is inserted and becomes active
· Sometimes it does not work, and the DNA is degraded, and salvaged for nucleotides
- Way of introducing variation into genome
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