BIOL 140 Complete Notes

Module 1: Introduction

Lecture 1 Material

Why Study Microbiology?

· Firstly, what is microbiology?  How old is this field?  And what did this study give rise to?
· It is the science of microorganisms (organisms that are very small and unicellular)
· It is only a century old (before then, microscopes weren't powerful enough)
· Microbiology has given rise to molecular biology and biotechnology
· What phylogenic domains include organisms which are considered to be microbes?
· Prokaryotic domains: archaea and bacteria
· Eukaryotic domains: algae, fungi, and protozoa
· What are fundamental processes which microbes (like all other organisms) participate in?  Expound on each as necessary.
· Metabolism: take up nutrients, make energy, use energy, etc.
· Reproduction: make new cells (binary fission is a biggie in this field)
· Differentiation: creating a new cell structure UN-identical from the old one (i.e. spore production)
· Communication: sending chemicals back and forth to act as signals
· Movement: think about flagella, etc.
· Evolution: this is what phylogenetic trees are all about
· Explain how microorganisms set the stage for life on earth as we know it today.
· They were the first life on earth because they were able to tolerate a wider variety of environmental conditions than we can
· In particular, blue-green algae called cyanobacteria came first because they didn't need oxygen and could extract energy from the sun
· Note that even cyanobacteria had to come from some universal ancestor that eventually gave rise to all organisms (phylogenetic trees show us that everything is related on at least SOME level)
· Eventually, their cellular processes (i.e. the production of oxygen!) created a biosphere where we could survive
· When this happened, multi-cellular organisms evolved from microorganisms
· Talk about microorganisms now and in the future.
· More than 50% of the biomass on earth is microorganisms (i.e. if you take all the carbon and weigh it)
· Microorganisms will be on earth forever because they are so diverse and easily adaptable that they can handle any change in living conditions
· Name and comment on 5 major areas of applied microbiology.
· Agriculture: there are many microbiological processes which are essential in agriculture
· For example, bacteria accumulate in the root nodules of alfalfa plants and "fix nitrogen", which means they turn nitrogen into ammonia, which is needed by the plant to grow
· This saves the farmers from having to use fertilizer, which is damaging to the environment
· Energy/environment: microbiological processes can be used to make fuels (i.e. corn -> ethanol), to clean up pollutant spills by consuming the undesirable substance, and so on
· Disease: lots of diseases (especially infectious ones) have a microbiological basis, and so understanding and research of microbiology in this respect can help us cure the diseases
· Food: microbiology helps us to understand why we have to preserve foods, etc.
· Biotechnology: this is a HUGE area where we use microbes to do technological things for us such as gene therapy, the creation of insulin by giving the gene to bacteria, etc.
 

Lecture 2 Material

The Historical Roots of Microbiology

· What did Pasteur's famous experiment prove?
· Rather, it DIS-proved the theory of "spontaneous generation": the idea that when (for example) food was left out in the open, the bacteria which grew came from nowhere (i.e. they formed spontaneously)
· Thus what he actually did was PROVE that we need a pre-existing organism in order to form a new one
· How did he achieve this?
· He achieved this by using a special flask (called a "Pasteur flask") where the neck was curved such that air from the outside could not get into the broth which was kept in the bowl of the flask
· He then sterilized the broth by heating it (heat kills almost all bacteria), and then just let it sit there
· It was demonstrated that nothing grew in the broth!  Why?  Because nothing from the air could get to it!
· Then, when he tilted the flask so that air could get to the broth - and when he did so, tons of stuff grew
· What were Koch's postulates?
· [You should know this from HLTH 341]
· Why did he develop them, and what did they help him to conclude?
· He developed them when he was working on Anthrax, and trying to determine whether a certain bacterium called "Bacillus anthracis" caused anthrax
· He eventually concluded that it DID…
· In general, the idea here is that specific organisms cause specific diseases
· Talk (very) briefly about characteristics which prokaryotes and eukaryotes share, and things they do NOT share.
· They are both surrounded by a cell membrane, which separates the outside of the cell from the cytoplasm
· Eukaryotic cells differ from prokaryotic cells in that they contain membrane-enclosed structures (organelles) within them (prokaryotes have nothing inside them which is membrane-enclosed)
· These include mitochondria, chloroplasts, and the nucleus
· It is also notable that eukaryotic cells are (on average) much bigger than prokaryotic cells (which in turn are much bigger than viruses)
· Quickly: characterize viruses, and explain how they are different from cells.
· They are not cells: 
· They don't have open systems (for taking in nutrients and expelling waste)
· They can't reproduce on their own
· They don't move
· Basically, they are particles of genetic material which are only of any consequence when they enter a cell, in which case they can use the cell's biosynthetic machinery to do stuff (most notably to replicate)
· They have been known, however, to infect ALL types of cells
· Quickly comment on ribosomal RNA gene sequencing.  What is the name for this practice?
· OK, so the idea is that looking at ribosomal RNA (part of ribosomes) is very useful for determining evolutionary relationships between organisms
· One reason why rRNA is good is because all organisms have it, because all organisms have ribosomes
· So PHYLOGENY is the practice of isolating rRNA from different organisms, looking at their sequence, then making conclusions about how close the organisms are related based on how similar their rRNA sequences are
· What are the 3 domains of life?  Which families belong in each?  Comment on some general relational trends.
· See Figure 2.7, pg. 27
· There are two distinct lineages of prokaryotes, the Bacteria and the Archaea
· The Archaea are actually more closely related to the Eukarya than they are to the Bacteria
· Anywhere on a phylogenetic tree, a "clade" is a group of organisms with a common ancestor
 

Module 2: The Diversity of Microorganisms

Lecture 3 Material

The Physiological Diversity of Microorganisms

· OK, what are the two things that microorganisms need to get in order to survive?
· Energy (for cellular processes) and carbon (for building stuff)
· Talk about the different names for organisms based on how they get these things.
· Chemotroph vs. phototroph: chemotrophs get energy from chemicals, while phototrophs get energy from light
· Chemoorganotrophs vs. chemolithotroph: chemoorganotrophs get their energy from organic substances, while chemolithotrophs get their energy from inorganic substances
· Heterotrophs vs. autotrophs: heterotrophs get their carbon from pre-existing organic compounds, while autotrophs get their carbon by "fixing" CO2
· Notably, most phototrophs are autotrophs (makes sense that they don't need actual substances for either carbon or energy, right?)
· Also, note that photoautotrophs are primary producers because they produce new organic matter from just carbon dioxide: and thus other organisms can feed off this!
· Describe how organisms can also be classified based on the environments which they thrive in.
· This is particularly relevant for extremophiles, which are microorganisms which thrive in extreme conditions, such as:
· High temperature: hyperthermophile
· Medium high temperature: thermophile
· Low pH: acidophile
· High pH: alkaliphile
· High pressure: barophile
· High salt environment: halophile
· Which phyla are present in the domain Bacteria?  Comment where appropriate on each.
· Proteobacteria: a lot of chemotrophs here (both organo- and litho-)
· Gram-positive bacteria: test positive for the Gram-stain -- it means they have a similar cell wall structure
· Cyanobacteria: they do photosynthesis (thus producing oxygen for us), and they are very visual (we can see them easily)
· Planctomyces: they have a characteristic stalk shape
· Spirochetes: they are in a spiral shape
· Green sulfur and non-sulfur: they are photosynthetic
· Aquifex, thermotoga: they are found in high temperature environments
· Env-OP2: we can't culture these: we only know they exist because we have sequenced their rRNA!  (the same applies to SAR-11, which we saw in a video)
· Now for the domain archaea.  Give a general overview of phylogenetic structures we see here.
· Firstly, the domain can be split into 2 sub-domains: euryarchaeota and crenarchaeota
· The euryarchaeota sub-domain has 3 groups:
· Methanogens: strict anaerobes who produce methane
· Halophiles: strict aerobes who like very salty environments
· Acidophiles: grow best at low pH
· And the crenarchaeota is mostly made up of hyperthermophiles
· Make some general comments about archaea.
· Many of them tend to be extremophiles (different types of these were discussed earlier)
· We have been able to culture fewer of them than we have bacteria (think about why!)
· Explain a surprising trend in the phylogenetic tree for the domain eukarya, and give a hypothesized reason for this trend.
· We see that organisms which branch off early on the tree (i.e. those who evolved long before more complicated multi-cellular structures such as animals did) do NOT have mitochondria
· So, how did we eventually get them?  The endosymbiotic theory explains this: an archaeal organism engulfed a bacterium and they developed a relationship that became obligate (i.e. one couldn't live without the other)
· The bacterium eventually took on the role of making energy for the bacterial cell that housed it
· We sense that this is the case because now when we examine eukaryotic cells, we see that their mitochondria have their OWN DNA…and it is different from that of the main genome!
· Notably, chloroplasts developed the same way: from the engulfing of a cyanobacterium (remember because cyanobacteria do photosynthesis!)
 

Cell Morphology

· Explain the different ways that a cell's shape can be described.
· Coccus: round
· Rod: rod-shaped
· Spirillum: spiral-shaped pattern
· Spirochete: tightly coiled
· Appendaged: long tubular extensions that can provide STRONG suction
· Filamentous: long, thin cells
· Comment on trends in microorganism sizes.  Why is this important?
· Protozoa are usually quite small: the majority are between 0.5 and 2 micrometers
· This is significant because it means that the surface area-volume relationship of the cell is such that there is a lot of surface area for the cell's volume
· This is an ideal situation because it makes it easier for nutrients and waste products to go in and out of the cell - thus the internal metabolic processes can go faster
· Comment on the epulopiscium fishelsoni.
· It is a bacterium found in the gut of tropical surgeon fish because it is a nutrient-rich environment there
· So the surface area-volume relationship is relevant here: why does the environment have to be so rich?  Because otherwise, the fishelsoni's size makes it hard to access nutrients!
· It is related to Clostridium, which is a gram-positive organism (we can tell this by analyzing the rRNA of both organisms)
· This species is unusual because it is a huge prokaryote…and as mentioned, prokaryotes are usually small!
 

The Cytoplasmic Membrane

· Give a quick overview of the cell membrane.
· It surrounds the cell and controls the passage of substances into and out of the cell
· It consists of a phospholipid bilayer - that is, pairs of phospholipids (phosphate + glycerol + fatty acid) are structured such that the internal environment of the wall is hydrophobic (hence the hydrocarbon chain) and the outside-facing parts are hydrophilic
· Comment on a crucial difference between bacteria and archaea with respect to their cell membranes.
· The phospholipids which make up the cell membranes are structured differently in each type of organism
· With bacteria, there is an ester linkage between glycerol and the long hydrocarbon chain (making it a fatty acid, actually)
· With archaea, there is an ether linkage between glycerol and the hydrocarbon chain, meaning that there is no carboxyl group (making the hydrocarbon chain a poly-isoprene structure, NOT a fatty acid)
· Discuss 3 main functions of the cytoplasmic membrane.
· It acts as a permeability barrier: this means that it prevents substances from freely going in and out.  Instead, it only lets small, uncharged, hydrophobic molecules pass
· It is a protein anchor: there are tons of proteins stuck in this membrane, and they have different purposes such as transporting substances, generating energy, and performing chemotaxis
· It allows for the proton motive force: you know this!  Recall that prokaryotes don't have mitochondria so they perform it using their cell membrane…
· Make some comments on transport proteins.
· These guys are stuck in the membrane, and they allow the cell to accumulate solutes against the concentration gradient (so even if there is more X on the inside than the outside, it still allows more X to come in)
· They are SPECIFIC to their own substrates…or at least a CLASS of substrates
· Membranes (of course) possess more than one kind of transporter, and furthermore the cells controls how many of which type are out there based on what they need, what is available, etc.
 

The Cell Wall of Prokaryotes

· Make some (general!) comments on cell walls.  What is their purpose?  What are the two main types and how do they differ?  What are they made of?
· OK, so the role of the cell wall is to:
· Maintain the cell's shape (if it were not there, the cell would assume its natural shape of spherical)
· Prevent excess water from leaving or entering so that the cell does not lyse due to turgor pressure (the pressure created when lots of water enters)
· The cell wall is made of peptidoglycan (more on this later)
· The two main types of cell walls are Gram-positive and Gram-negative:
· The Gram-positive cells have their cell membrane, then a layer of peptidoglycan outside of that which forms the cell wall
· The Gram-negative cells have the cell membrane and beyond that an outer membrane made of lipopolysaccharide
· Between these two membranes is the "periplasm", and this is where we find a layer of peptidoglycan (cell wall material!) which, however, is much thinner than with Gram-positive
· Expound on peptidoglycan.
· It is a structure found ONLY in bacteria
· OK, you can think of the structure in terms of rows of alternating molecules of N-acetylglucosamine and N-acetylmuramic acid (NAG and NAM)
· These structures are connected with beta-1,4 linkages
· Between these rows, occasionally there are linkages to keep everything together like a sheet.  These are called peptide crosslinks because they have amino acids like alanine and glutamic acid
· Between different bacterial organisms we see that the amino acids differ
· Recall that we said peptidoglycan is only present in bacteria.  So what do archaea do for cell walls?
· They have something called pseudo-peptidoglycan, which is similar to peptidoglycan
· However, one important difference does exist in that instead of N-acetylmuramic acid, it has N-acetyltalosaminuronic acid
· And NAG is connected to NAT by a beta-1,3 linkage
· Notably, this is lysozyme insensitive so watch out if we ever get an archaeal pathogen in our bodies!
· Discuss teichoic acid.
· This is just an acidic polysaccharide which we often find in the peptidoglycan layer
· FOR GRAM-POSITIVE BACTERIA, that is!
· Discuss two things that are unique to gram-negative bacteria.
· Firstly, we have LPS: this is "lipopolysaccharide", a structure which is part of the OUTER MEMBRANE layer (for gram-NEGATIVE bacteria…so now each kind has a special structure)
· It helps to protect the organism from the environment, but sometimes this results in LPS being very bad for whatever organism the bacteria inhabits
· It can cause strong immune reactions, etc.
· It has a toxic component (lipid A) that makes it dangerous to animals (i.e. this is why Salmonella poisons us)
· It has the following structure: Lipid A --- core polysaccharide --- O-specific polysaccharide
· Also, gram-negative bacteria have porins, which are protein channels that allow molecules to cross the outer membrane
· Realize that these are not necessary for gram-positive bacteria, but we need them now because of the outer membrane layer in gram-negative
· Explain what lysozyme is, and what it does.  Discuss a situation where its effect is different than usual.
· The lysozyme is able to break those beta-1,4 bonds between NAM and NAG in the peptidoglycan, so basically it means it will break the cell wall of any bacteria
· This will kill the bacterium because then water will be able to enter the cell (no longer stopped by the cell wall) and cause lysis, since the osmotic concentration is higher in the cell than out
· One situation where this does not occur is when the surrounding solution is isotonic to the bacterial cell, in which case nothing happens and a "protoplast" (bacterium without cell wall) is formed
 

Staining Cells

· What are the 3 main steps for staining cells for microscopic observation (specifically Gram stain)?
· Preparing a smear: spread the culture over the slide and let it dry
· Heat fixing and staining: pass the slide through a flame to "heat fix" (i.e. bind it to the slide), then flood the slide with the crystal violet stain, then wash it with alcohol
· Bonus step: stain again with safranin (pink color), so the Gram-negative bacteria where the crystal violet didn't stay turns pink
· Microscopy: examine the slide
· Explain why the cells with an outer membrane are Gram-negative, and the ones with an inner membrane are Gram-positive.
· When the cells have an outer membrane, the alcohol is easily able to penetrate it and come to wash out the crystal violet stain
· But when the cells just have all that peptidoglycan cell wall, the alcohol cannot penetrate it because the wall closes its pores after being stained crystal violet
 

Module 3: Cell Structures and their Functions

Lecture 4 Material

Motility

· What is flagella, and what are the different ways they are arranged around a cell?
· A flagella is a special structure on a cell which gives it "motility", or the ability to move
· They can be placed in different arrangements on the cell:
· Polar flagella: single flagella attached at one or both ends of the cell
· Peritrichous flagella: many different flagella distributed around the cell
· Lophotrichous flagella: tufts of flagella on the end, like tufts of hair
· Discuss the structure of a flagellum.
· The actual flagellum has three parts:
· Inside the cell wall/cell membrane: the "basal body"
· Connecting the basal body to the part of the flagellum outside the cell: the "hook"
· Extending from the hook to the outside world: the "filament"
· Surrounding the basal body are different "ring" proteins, found at different layers:
· Outer membrane: the "L" ring
· Periplasmic space: the "P" ring
· Cell membrane: "MS" ring and then the "C" ring
· This rings are surrounded by upright proteins called Mot proteins and Fli proteins
· See Figure 4.56, pg. 94
· Explain how the flagellum works.
· So the Mot proteins generate torque, which causes the flagella to rotate
· They get their power from a proton motive force (protons moving through the Mot proteins, 1000 protons per revolution)
· The Fli proteins control which direction the flagella rotates in (as well as turning the motor on and off)
· Counterclockwise rotation: cells goes forward in a "run" (more later)
· Clockwise rotation: cells "tumble" or go backwards
· Drop some more knowledge about flagellar motion.
· More than 40 genes are involved in coding the proteins which make up a flagellum
· Some genes are regulatory, so if you mess them up then things won't be regulated and can get crazy
· And they can propel bacterial cells at speeds up to 60 cell lengths/sec (cheetah is only 25)
· It is an energetically expensive process (recall 1000 protons per turn), so it must be very useful (and it is) or else organisms have them would not survive
· Discuss the biosynthesis of flagella.
· A flagellum grows from its base (not its tip): meaning that the stuff at the base of the flagellum gets made first:
· MS/C rings, then Fli and Mot proteins, then P ring, then L ring, then hook, then filament
· Notably, the flagellin proteins that make up the filament are synthesized in the cytoplasm, and passed through the flagellum until they get to the end, where they are added on (here they are aided by a flagellin "cap" apparatus)
· Explain how (and why) polar flagella move differently than peritrichous flagella.
· Peritrichous flagella:
· For going "straight", the flagella all bundle together (remember they are originally apart) and rotate counterclockwise
· When it comes time to change direction, the flagella separate and rotate clockwise, and this causes the cell to spin and point in a different direction
· Polar flagella: there are two types -- reversible and unidirectional
· Reversible ones can just switch their direction of rotation when they want to change direction
· Unidirectional ones have to stop, re-orient themselves, then keep going (they can only rotate one way)
· Discuss two main methods for motility in non-aqueous environments (i.e. those with no water).
· Polysaccharide "slime layers": the cell secretes slime onto the surface it is on, and this somehow pulls the cell along
· So if you see these on a cell plate, you will be able to see "tentacles" of slime coming out from the cell area
· Mini feet: motility proteins stick out of the cell and move against the surface, almost like feet
· Again the proton motive force is necessary for this...
 

Chemotaxis

· What is chemotaxis?  What happens in the absence of chemotaxis?
· It is when we have movement in response to a chemical gradient: the cell can sense varied concentrations of some chemical, and if they like it they will move closer (and vice versa)
· In the absence of chemotaxis, the bacteria just move randomly
· How does chemotaxis work, on a conceptual level?
· Well the bacterium senses the gradient on a temporal level, rather than a spatial one
· This means that as the bacteria moves, it detects whether the gradient is getting stronger or weaker - and then (for example) if it detects that it is getting weaker, it will not head in that direction for very long
· Whereas spatially the bacteria could sense in all directions around it where the gradient is stronger, then just purposely head in that direction
· And the way it moves is with a series of "runs" and "tumbles"
· A run is when it goes in a defined direction: this is non-random because if the bacteria detects that it is going in a good direction, it will maintain the run for longer
· And then occasionally it will tumble, which is when it re-orients itself totally randomly and heads off in a new direction
· How do we measure chemotaxis?
· OK, so we have a solution with bacteria in it
· Then we dip a capillary tube into the solution where the tube is filled with either an attractant or a repellant
· And then we can see whether the bacteria go into the tube or out of it
· What are other kinds of "taxes"?
· Phototaxis: responding to a light gradient
· Aerotaxis: responding to an oxygen gradient
· Osmotaxis: responding to a gradient in osmotic strength
 

Bacterial Cell Structures and Inclusions

· List some other cell structures and inclusions.
· Fimbriae - aid cells to adhere to surfaces (such as host cells in the human gut)
· pili - also for adherence, although they mainly do conjugation (bacterial sex)
· glycocalyx - it is a polysaccharide layer outside the cell that is also for attachment to host cells, but also protection from host immune system, resistance to desiccation
· polyhydroxyalkanoate deposits - intracellular carbon and energy stores
· polyphosphate - intracellular reserves
· elemental sulfur - intracellular granules
· magnetosomes - intracellular magnetite crystals
· gas vesicles - cell buoyancy
· Talk about PHB.
· PHB is poly-beta-hydroxybutyrate, which is a TYPE of PHB deposit
· It is a lipid-like deposit, and so that means it holds carbon and energy that the cell can use when it's low
· It only accumulates when there is excess carbon
· Talk more about gas vesicles.
· They are aligned differently throughout a cell: sometimes they are longitudinal, and sometimes they are cross-sectioned (i.e. we see the end of the "tube")
· Also, they range in number: some cells have a lot, some have a few
· It's basically a hollow spindle structure made of HYDROPHOBIC protein
· The major protein is called GVPA - there are rows of this, almost like the rows in peptidoglycan
· Between the rows there are cross-links to keep everything together - and these links are handled by GVPC
· Again this is similar to peptidoglycan
· The structure is watertight but gas-permeable, so they basically fill up with gas and make the cell more buoyant
· Notably, this means that the gas inside the vesicles is the same as the gaseous atmosphere around the cell!
· Talk about how cyanobacteria use gas vesicles.
· Recall that these guys do photosynthesis: and the thing is, the wavelengths of light at which this is optimized change with the organism type
· So the cyanobacteria either secrete more or less GVPA and GVPC protein depending on how buoyant they want to be, because the level they are at in the water will affect what wavelengths of light get filtered down to them
 

Bacterial Endospores

· Why do bacteria have endospores?
· Bacteria have endospores for times when environmental conditions get really oppressive and they cannot continue to grow as normal: excessive heat, radiation, acidity, drying, chemicals, lack of essential nutrients, etc.
· Basically it is a "time capsule" that allows the DNA of the bacteria to be preserved, but does not really do anything on its own (i.e. very low cellular activity)
· What are some main distinguishing differences between endospores and the cells they came from?
· Endospores have no mRNA (i.e. it is not synthesizing proteins)
· Endospores are dehydrated (only 10-30% of original cell's water content)
· Endospores have very high calcium content
· Endospores are resistant to lysozyme (that's why stuff like Clostridium Botulinium, or botox, is poisonous)
· This is an acid found only in endospores which combines with calcium to make up 10% of the endospore's weight content
· Give me some quick shots on timelines for sporulation.
· It takes about 8 hours, and it is triggered by sub-optimal growth conditions (as discussed above)
· When the optimal conditions return, the spores germinate (takes only minutes) - grow into normal cells again
· What are the steps in the sporulation process?  How did we figure this out?
· Firstly, we isolated mutants that can't form spores (easy to test for this - just heat bacteria and see which lines die)
· Then we figured out what point along the chain sporulation was blocked
· Here are the steps:
· The DNA condenses and a spore starts forming WITHIN the cell
· The spore engulfs the DNA
· The spore develops its protective layers: inner membrane, outer membrane, primordial cortex, exosporium
· Then we incorporate calcium, dipicolinic acid, etc.
· Eventually we eject the thing from the cell
· Notably, if we boil a cell before the spore has been released, the spore will still survive!
Module 4: Cell Structures and their Functions

Lecture 5 Material

Laboratory Culture of Microorganisms

· What are the differences between macronutrients and micronutrients?
· Macronutrients are nutrients which the cell needs in large quantities
· Example: C, N, P, S, K, Ca, Mg
· Micronutrients are nutrients which the cell only needs in small quantities
· Example: trace elements, growth factors, Fe (iron)
· What is culture media?  Discuss the two types of media.
· Culture media is the environment which we place microorganisms in as we attempt to make them grow
· Needless to say, the environment needs to mimic the organism's natural environment well enough that it can still grow -- sometimes figuring this out can be hard!
· The two types are:
· Defined: we make the media from purified chemicals, and we know EVERYTHING that is in there (i.e. glucose-mineral salts broth)
· Complex: the exact chemical composition is unknown (i.e. yeast extract agar)
· What is agar?  Why is it significant in the lab?
· Agar is a polysaccharide derived from algae that has a gel-like consistency at 37 oC (this is a temperature which many microorganisms grow at)
· We use it in the lab because it is a nice place for microorganisms to grow on, because they do not degrade it
· What is aseptic transfer?
· It is a way of transferring microorganisms from one place to another without contaminating them by allowing them to touch air (because there are microorganisms in air!)
· It involves using fire to maintain sterility, because fire will kill microorganisms
· What is a streak plate?
· The idea with a streak plate is that you take some microorganisms on a plate and then you spread them out so that (hopefully) in some places, there is only one cell (there is no overlapping or layering)
· Then when you see a colony grow from the cell, you know it is a pure culture (came from just one cell)
· So when you see a single dot, you know it was the end of the streak (where it was the least dense)
· When you see a very thickened area, then it was at the beginning of the streak where the cells were not spread out enough
 

Cell Growth

· Give a general overview of binary fission.
· It is the way bacteria reproduce - it is asexual, because a single cell splits into two (there is no recombination or anything)
· The time needed for this varies, but 20 minutes for a generation is VERY SHORT
· Talk about how cell division works (so this is one of the last steps in binary fission, after the DNA has been duplicated, etc.)
· OK, so it's all about "Fts proteins".  FtsZ proteins form a chain all around the inside of the cell along the plane of division
· There is also FtsA there, which is part of the ring and consumes energy (ATP, GTP) because cell division is a highly energetic process!
· ZipA is also involved: it is an "anchor" protein it the sense that it is attached to the inside part of the cell membrane, and FtsZ binds to it
· Discuss peptidoglycan and cell growth.
· Well firstly, obviously the new cells have to be covered by peptidoglycan - and half of them initially will not be (the other half would have peptidoglycan from the original cell)
· So as we separate, first the cell membrane is made, and then the peptidoglycan goes on top of that
· Notably, peptidoglycan formation lags behind cell formation so there will be "naked" parts
· Discuss the enzymes involved in making that new peptidoglycan cell wall.
· Well, the deal is that we have to use special enzymes called autolysins to open the EXISTING peptidoglycan wall at strategic places so that we can insert NEW peptidoglycan (which, in fact, is in a precursor form called glycan pentapeptide)
· The glycan pentapeptide is created inside the cell, and it binds to bactoprenol in order to get through the cell membrane and out to the new cell wall area
· Bactoprenol is a hydrophobic lipid carrier molecule that allows it to go through the membrane
· And then what's the last step?
· The last step is transpeptidation, when we make peptide crosslinks between those new rows of peptidoglycan we have just made
· Often we see the amino acid D-alanine in this link
· Notably, this process is inhibited by penicillin - and that is why penicillin is so popular, because it will prevent bacteria from reproducing so eventually they will die
· In particular, we can use it on ourselves because penicillin does act on any eukaryotic cells
 

Population Growth and Growth Cycle of Populations

· What is growth rate?  What is generation time?  When do we get exponential growth?
· Growth rate is the change in cell # or cell mass over time
· Generation time is the time required for forming two cells from one
· We get exponential growth if generation time remains constant over multiple generations of cells
· If we know the number of cells in a culture at the beginning and end of a period in time, we can figure out generation time
· Talk about the different parts over a typical growth curve for a bacterial population.
· Firstly, there is a lag phase because the cells need time to replicate the internal materials they need to divide
· Secondly, we get an exponential phase (as defined above)
· This phase does not last forever because growth is eventually limited due to lack of an essential nutrient, or production of an inhibitory waste product
· At this point, the growing culture enters a "stationary phase" where the rate of formation equals the rate of death
· Then there is a death phase where either there isn't enough new nutrient, or toxic waste overcomes the culture, etc.
 

Measurement of Growth

· What are the 3 ways that we can figure out how many organisms we have in culture?
· Direct microscopic count, viable count, and turbidity measurement
· Explain how direct microscopic count works.
· So here we take some solution and put it onto a special grid under the microscope
· The grid is divided up into squares, so we can count the number of cells in a given grid
· Because we know approximately what volume of solution fits into a square, we can extrapolate our results and get a decent idea of concentration
· However, note that this method has the disadvantage of not being able to distinguish between live and dead cells
· Explain how viable count works.
· Here we dilute a culture and then spread it out on a sterile plate
· We allow cells to grow and we see how many cultures we get - the assumption being that every live cell will give us a culture
· Note that this allows us to count only live cells
· So we see how many cultures we get and work backwards (factoring in the amount we diluted it by) to find the overall concentration of the solution
· Note that we report the number of colonies formed in terms of "colony forming units", because we never know if maybe more than one bacterial cell contributed to a colony we are looking at
· Explain how turbidity measurement works.
· The idea here is that the density of cells within a culture will affect light passing through it
· Therefore, we can measure how much light gets scattered when we shine it through a sample, and through that determine the rough concentration of microorganisms in the solution
· Notably, sometimes these graphs are erroneous because photons inevitably make their way through the solution when in reality they should have been blocked
 

Lecture 6 Material

Growth at Low and High Temperatures and pH

· Why is it that temperature can have an effect on an organism's ability to function?
· When the temperature is too high, enzymes (because they are proteins!) can get denatured, and then important cellular processes don't work anymore
· When the temperature is just right (maybe a little on the hot side), the reaction rate goes way up
· When the temperature is too low, the cell membrane will freeze/gel and then growth cannot occur
· Talk about the different names we have for organisms depending on what their optimal temperature is.
· OK so this graph goes from cold to hot: psychrophiles, mesophile, thermophile, hyperthermophile
· Drop some knowledge on psychrophiles.  How are they different from psychrotolerant organisms?
· Psychrophiles are organisms which grow optimally at temperatures lower than 15 oC
· If it gets hotter, their enzymes get denatured (so they do not have as much high temperature tolerance than enzymes in other organisms)
· Also, they have more unsaturated fatty acids in their membrane than usual, which helps because they maintain fluidity that way
· Psychrotolerant organisms are different because while they can survive at temperatures around freezing, they PREFER much higher temperatures such as 20-40 oC
· So in a sense they are "mesophiles capable of growth at low temperatures"
· And what about thermophiles and hyperthermophiles?
· Thermophiles grow optimally around 45 oC, and hyperthermophiles are around 80 oC
· Archaea are the most thermophilic organisms, followed by bacteria, and then eukaryotes
· For thermophiles and hyperthermophiles to survive and thrive at high temperatures, their proteins must be resistant to thermal denaturation (i.e. thermostable). 
· Their membrane phospholipids also have a high proportion of saturated fatty acids (for the bacterial thermophiles) or lipid monolayer (for the archaeal hyperthermophiles)
· Discuss organisms' response to pH extremes.
· There again is a gradient:
· Acidophiles: pH optimum between 2 and 6
· Neutrophiles: pH optimum between 6 and 8
· Alkalophiles: pH optimum between 8 and 11
· Note that these pH values refer EXTRACELLULAR pH: because intracellular pH always has to be near neutral, regardless of what the organism is
 

Salt Tolerance and the Effect of Oxygen

· OK, what is the deal with salt tolerance for organisms?
· The deal is that water will leave or enter the cell based on different solute concentrations of the extracellular environment, there is a gradient of organisms with respect to how well they can handle different extracellular concentrations
· We measure this with "water activity", which is essentially a measure of how likely water is to enter the cell from outside due to osmotic gradients
· The higher this value is, the easier it is for the organism to get the water (i.e. the solute concentration outside is lower)
· We call this "salt tolerance" because often it is NaCl concentration that affect this
· To cope with low water activity, many microorganisms are able to increase the internal concentration of different solutes - more specifically, "compatible solutes" which are named because increased amounts of them do not inhibit biochemical processes
· Examples include: sucrose, glycerol, etc.
 

· What are the 4 kinds of organisms based on how well they can tolerate osmotic concentrations?
· Halophiles: growth optimum above 1% NaCl, often requiring sodium for growth (1% NaCl is HIGH)
· Halotolerant: can tolerate the presence of solute, but grow better in the absence of solute
· Osmophiles: can grow in presence of high sugar
· Xerophiles: can grow in very dry conditions
 

Oxygen Effects on Microbial Growth

· What kinds of microorganisms are there with respect to their ability to deal with different oxygen conditions?
· Obligate aerobes: must have air
· Facultative aerobes: don't need air, but they can use it if it's there
· Microaerophilic: need air, but only very small amounts of it (more is not good)
· Aerotolerant anaerobes: oxygen is not needed, but it won't hurt them
· Obligate anaerobes: must be in an oxygen-free environment
· What is a thioglycolate broth, and how is it relevant to testing for oxygen tolerance?
· Thioglycolate is a reducing agent that will consume oxygen (thus creating an anoxic environment)
· So we dump this stuff in a test tube and add resazurin, because this substance turns pink when there IS oxygen (so we can see what region of the tube still has oxygen)
· Then we dump organisms in there and see where they congregate (oxic zone or anoxic zone)
· How do we grow organisms which require anoxic environments?
· We use an "anoxic jar", which is an airtight job with chemicals inside that participate in oxygen-consuming reactions
· What dangers does oxygen present to a cell, and how do we deal with these dangers?
· Oxygen can be dangerous because often, reducing it leads to toxic byproducts (i.e. superoxide, hydrogen peroxide, and hydroxyl radical) that are good oxidizers, which means they can wreck stuff in the cell
· However, we usually deal with this using enzymes (i.e. superoxide dismutase, peroxidase, and catalase) to convert that oxygen to water
Module 5: Regulation

Lecture 7 Material

Modes of Regulation

· What is regulation?  Why is regulation necessary?
· It is when the cell regulates the activity or amount of a given enzyme
· This is necessary because enzymes and other proteins are not all required by the cell at the same time, under the same conditions
· Some are required only under certain conditions, while others are required under other conditions. 
· What are some of the levels at which we can control this stuff?
· Transcriptional control: no mRNA synthesis
· Translational control: no enzyme synthesis
· Enzyme activity control: no product
· Discuss post-translational regulation.
· OK, so this is basically controlling enzyme activity
· Response is the most rapid at this level
· This usually happens through something called "feedback inhibition", which happens in a biosynthetic pathway when products of a pathway prevent enzymes used earlier in the pathway from operating
· They do this by binding to an allosteric site, which changes the enzyme's conformation such that it cannot do its usual job
· Often the effector (the thing that deactivates the earlier enzyme) is the end product of the pathway, and the enzyme whose activity it inhibits is at the first unique step of the pathway
· This is so that the cell does not make too much of one thing
· Note that enzyme activity regulation can also be done with phosphorylation, methylation, adenylation, etc.
· Discuss a more complicated feedback pathway involving isozymes.  What are isozymes, anyway?
· There is a pathway where DAHP synthase is an enzyme that forms DAHP, which eventually leads to 3 different amino acids: tyrosine, phenylalanine, and tryptophan
· IN ADDITION TO controlling this pathway sometime after DAHP, we control it BEFORE DAHP: there are actually 3 different isozymes of DAHP synthase
· Isozymes are enzymes that catalyze the same reaction, but are subject to different regulatory control
· And so each isozyme is controlled by one of the 3 amino acid end products, which means that the amount we need from each will combine to determine how much the overall pathway goes
· If only one amino acid is needed, then the other two will shut off roughly 2/3 of production
· Explain one example of covalent modification which was discussed in class.
· Firstly covalent modification is when we modulate a cell by covalently attaching molecules to it
· We talked about glutamine synthetase, which makes glutamine (an amino acid)
· It has 12 different spots on the cell where AMP can be attached (a process called adenylylation)
· Thus, based on the levels of different molecules, the production of this enzyme can be varied
· Because the more spots that are adenylated, the LESS ACTIVE the cell is
 

Examples of Mechanisms of Repression or Induction of Enzyme Activity (so we are talking about transcriptional control now…)

· Again, what is the general idea behind transcriptional control?
· This is when we control the production of enzymes based on whether we need the products which they produce
· On a molecular level, explain the idea of enzyme repression.
· OK, well anytime a section of genome is going to be transcribed, the RNA polymerase has to bind to a spot just "before" or "upstream" from it: this is called the promoter
· Under normal conditions, it will start from the promoter, advance through a region called the operator, then continue on to transcribe all the relevant genes
· However, sometimes there is a "repressor" in the picture, which is another molecule that can potentially bind onto the operator region and prevent the RNA polymerase from going anywhere (hence stopping transcription and ultimately expression of this enzyme)
· In enzyme repression, this repressor does NOT have the ability to bind unless a co-repressor binds to it, changing its shape and allowing it to attach to the DNA
· Frequently the co-repressor could be the product which is ultimately synthesized by the enzymes which the RNA polymerase is about to transcribe: and this makes sense, because if we have so much of that product that it can come and act as a "co-repressor", we would not want more of it to be made
· Explain the idea of enzyme induction.  How is this different from enzyme repression?
· This is very similar to enzyme repression, except that the "default" state for the repressor is to be bound to the operator, stopping transcription
· Now, instead of a co-repressor we have an "inducer", which changes the conformation of the repressor such that it CANNOT bind, and thus transcription is allowed to proceed
· Many times we use this if the presence of the inducer REQUIRES that the enzymes be transcribed: for example, if it is lactose and the enzymes are for lactose metabolism
· Explain how negative control works.
· OK, so this is just another way of controlling enzyme expression…the big difference from enzyme repression/induction being that all the action happens here BEFORE the RNA polymerase attaches to the DNA
· The deal here is that we have an activator protein whose job is to bind to the "activator binding site", because this will change the conformation of the DNA strand so that the RNA polymerase can bind to it (yes, this means that in "normal state" the RNA polymerase is unable to bind)
· Note that the activator binding site need not come immediately before the promoter - sometimes it is way far down the line, yet still exerts control because the DNA bends and loops
· And furthermore, the activator protein ITSELF cannot bind unless something binds to it - and that something is usually a molecule of interest, such as maltose…where the enzymes which are now produced are maltose metabolic ones...
 

Interaction of the Activator Protein with the DNA Sequence

· Discuss the binding of RNA polymerase to the DNA sequence.  What goes on here?
· OK firstly, the RNA polymerase has a section called the sigma factor that binds to the DNA
· The binding action goes on between certain sections of the sigma factor and certain bases in the DNA
· These regions of bases always fall in the same spots "upstream" from the start of the operon, and they are called the Pribnow box (-10) and the -35 sequence
· For all the possible operons throughout the entire genome, of course these sections will not be exactly the same, however they are SIMILAR: and thus we can create a consensus sequence, which is when you take all the different operons, look at their Pribnow boxes and -35 sequences, and pick the MOST COMMON combination of bases
· And then the sigma factor becomes specialized to bind to these bases
· How does this mechanism provide an extra layer of enzyme control?
· It's because for a given operon, the greater the difference between its particular Pribnow box/-35 sequence and the consensus sequence for those areas, the harder it is for the sigma unit to bind
· Thus activators will be necessary (remember before)
· However, if the Pribnow box and -35 sequence are very close to consensus, then the RNA polymerase can bind no problem: and so perhaps we can put the MORE COMMONLY TRANSCRIBED genes like this!
· Let's get small-scale.  How does a DNA-binding protein (say, RNA polymerase's sigma factor) actually bind to the DNA?
· It's all about matching sections on the protein to certain base pair sequences such that the protein fits into the "major groove" of the DNA
· Often the proteins are homodimeric, meaning that they are made up of two identical subunits
· And of course there are "inverted repeat" sequences of DNA to go along with these identical subunits
· i.e. the 5' -> 3' direction on one side has TGTGTG, and the 3' -> 5' direction on the other strand is also TGTGTG
· How is the helix-turn-helix structure of DNA relevant to this?
· It is just a common motif (tertiary structure!) in DNA whereby a heliced section of protein called the "recognition helix" binds to the DNA, and this helix is connected to a "turn" and then another helix called the "stabilizing helix", which bonds hydrophobically with the recognition helix to stabilize it
· Does the stabilizing helix also bind with the DNA?
 

Lecture 8 Material

Attenuation

· What is the difference between Rho-dependent termination and Rho-independent termination?
· The idea is that "Rho" is a protein that binds to RNA as it is being transcribed, and causes the transcription to stop (i.e. the RNA and the RNA polymerase both leave the DNA strand)
· Thus Rho-dependent termination is when we need a Rho protein to terminate
· However, other times termination can stop without the Rho protein: here the RNA transcript forms into a certain shape (a "hairpin" or "stem-loop" structure) and right after that there is a long string of uracil bases - and for whatever reason, this signals the RNA polymerase to stop
· Explain the concept of attenuation.
· OK, so this is another way to control the expression of enzymes: only this time both transcription and translation are involved: regulation by attenuation occurs after the initiation of transcription, but before transcription is completed
· This regulation does not influence the rate of transcription initiation, but it does affect the number of transcripts that are COMPLETED
· The idea is that after the promoter and operator region of DNA, there is a "leader" region where many of the same amino acid are coded by the bases (frequently this is the same amino acid as that which will be produced by the enzymes of this operon)
· Remembering that translation and transcription can happen simultaneously in bacteria, what happens after the leader gets transcribed?  The ribosome starts making the protein right away, and when it comes to the leader it will attempt to attach many consecutive tryptophans (just for example)
· If there are enough tryptophans (this implies that the overall concentration of tryptophan is high enough and we do not need to make enzymes that are going to give us even more!), then the ribosome is going to go ahead and incorporate them…HOWEVER: doing this will cause the RNA transcript to loop in a way that will make that hairpin/stem loop shape which TERMINATES transcription
· If there are NOT enough tryptophans, then the loop won't form and instead another loop will form that causes transcription to continue
· Discuss in more detail how one loop or the other can be controlled.
· OK, so let's say we have 4 regions on the transcript: 1, 2, 3, 4
· If regions 3 and 4 form a stem-loop structure, then we will get rho-dependent termination
· However, 2 and 3 can also join to form a non-terminating stem loop, and if this happens then 3 will be unavailable to bond with 4
· Also, 1 and 2 can loop, in which case 2 would be unavailable to combine with 3
· So the role of the tryptophans (in the case of the tryptophan operon, it is a tandem - just two in a row) is to maneuver the ribosome such that it either allows or prevents 2/3 looping
· Basically: if there is no cellular tryptophan available, then the path of the ribosome will be stopped and 2 and 3 will be able to loop up
· What other amino acids in E. coli have this method of control?
· Threonine, histidine, and phenylalanine
 

Global Control Networks

· OK, we've already talked about how repressors and activators are examples of regulatory proteins.  But what is an alternative sigma factor?
· Well, just remember that sigma factors are the parts of RNA polymerases which attach to the DNA transcript so that transcription can get going
· Notably, they don't need to hang around afterwards: they are just needed by the RNA pol for transcription INITIATION
· And so we can make certain sigma factors SPECIFIC for certain operons (remember the matching is determined by how specifically the sigma factor fits with the sequence, especially if it is not close to the consensus sequence), and by controlling the concentration of these sigma factors we can control how much those genes get transcribed!
· Remember that transcription initiation of most genes is carried out by sigma 70, but some promoters are recognized by other sigma factors, such as sigma 32 (heat shock) or sigma 54 (nitrogen regulation).
· What is a global control system?  What are some examples of GCS?
· A global control system is when MANY pathways/enzyme groups are regulated in response to a specific environmental signal
· Many times we use the term "regulon", which is a collection of genes and/or operons controlled by a common regulatory protein
· For example: sporulation, aerobic respiration, even "quorum sensing" - which is when bacteria control their numbers at a bacteria level
· Explain on a general level the concept of quorum sensing.
· This is the idea of regulating gene expression based on population density - a concept we have not touched before because all signals before ostensibly came from WITHIN the cell…now we are talking about signals which different bacteria in a population can send to each other
· This allows for many possibilities…in the case of quorum sensing, the deal is that we use this signals to make gene expression decisions based on population density
· Give the mechanism for quorum sensing.
· Well, each bacteria can release a signal molecule called AHL (or acylated homoserine lactone) into the medium, and when they are received by other cells, certain transcriptional activators turn on and do their job of controlling
· The greater the population density, the greater the amount of AHL in the environment
· There is a species-specific "R" group on AHL molecules so that different species can recognize their own
· Talk about Vibrio fischeri with respect to quorum sensing.
· Vibrio fischeri inhabits the open sea (in low densities), as well as the light organs of squid (in high densities) 
· Luminescence occurs only at high bacteria cell concentrations
· So the idea here is that when there are high concentrations, each individual bacterium cell knows to start luminating (and this is all done through enzyme activation)
· The enzyme in question is called "luciferase"
· Transcription of luciferase is under the control of the "LuxR" activator protein, which itself is only activated when the fischeri's version of AHL has a sufficiently high concentration
· Another enzyme on the operon, LuxI, is in charge of MAKING more AHL
· Explain what the 2-component regulatory system is.  Why do we need it?
· OK, so there has to be a way for a signal from outside the cell to make stuff happen inside the cell (for example, the actions of quorum sensing require this)
· The 2-component regulatory system allows this to happen…it is made up 2 guys: sensor kinase and a response regulator: 
· The sensor, which is usually a transmembrane protein, is phosphorylated in response to the presence of the signal. 
· The phosphorylated sensor is then able to transfer the phosphoryl group to the response regulator. 
· The response regulator then binds (or doesn't bind!) to an activator binding site which allows (or doesn't!) transcription to occur (remember the influence of activators on RNA polymerases)
· Of course, there is also phosphatase activity, so that eventually the phosphoryl group gets taken off the response regulator and we are back to zero
 

Regulation of Chemotaxis

· So let's review.  What is chemotaxis?
· Chemotaxis is when we control our movement based on the relative concentrations of some chemicals
· Explain the enzyme interactions that allow chemotaxis to happen.
· It's basically a series of signal transduction events: the presence of attractant or repellent is first sensed by transmembrane sensory proteins called methyl-accepting chemotaxis proteins (MCPs). 
· The MCPs interact with the cytoplasmic protein CheW, and modulate the level of autophosphorylation of the CheA sensor kinase (attractants decrease the level of phosphorylation, repellants increase the level of autophosphorylation). 
· The phosphorylated CheA (CheA-P) transfers the phosphoryl group to the response regulator CheY. 
· CheY-P differs from other response regulators in that it does not influence transcription of a gene, but rather determines the direction of flagellar rotation. 
· CheY-P causes clockwise rotation, which means that the cells will tumble.
· Why don't we continue going straight forever though?
· OK so this is all about "adaptation"…and it involves methylation. 
· The protein CheR is able to methylate the MCPs. 
· Another protein, CheB, is phosphorylated by CheA-P, and CheB-P is able to demethylate the MCPs. 
· Thus, in the presence of a continually high level of attractant (resulting in lower level of CheA-P, CheY-P and CheB-P), the level of methylation will increase because of lack of CheB-P mediated demethylation. 
· The level of methylation of the MCPs will affect their sensitivity to the attractant or repellant. Fully-methylated MCPs are not able to respond to attractant, resulting in, eventually, the phosphorylation of CheA and subsequent phosphorylation of CheB, and demethylation of the MCP (thus a tumble…right?)
· What else was said in the notes?
· multiple MCPs sense different substrates
· e.g., Tar transducer of E. coli: aspartate, malate (attractants), Co, Ni (repellants)
· attractants slow autophosphorylation of CheA → tendency toward smooth swimming (runs)
· repellants increase autophosphorylation of CheA → more tumbles
· other, similar systems respond to different conditions (light, oxygen, etc.)
· taxic responses studied by mutational analyses
Module 6: Genetics and Molecular Biology I

Lecture 9 Material

Introduction to the Terminology of Molecular Biology

· Give a brief history of how microbial genetics started.  What did it eventually give rise to?
· Well it started with E. coli and Salmonella studies, where they would transfer DNA from one microbe to another and look at the different phenotypes of the resulting organism to see what's up
· However, people thought that microbes were different from other types of life, so any genetic research done on them was not applicable to other fields
· Eventually, microbial genetics gave rise to molecular biology: and we see this (in part) because many of the tools used in molecular biology are of prokaryotic (i.e. microbial) origin
· What were 2 key findings made in the field of microbial genetics?
· Well, one was the fact that DNA holds the genetic code of cells (not proteins) - and this was done in bacteria, so it was significant
· And then Lederberg showed that transduction (sexual crossing) can be done with bacteria, so that opened up a whole field of genetics studies to look into…
· Define the following terms.
· Wild type: strain found in nature; original isolate from which mutants are derived (e.g., most E. coli derived from strain K-12)
· Mutant: a strain carrying a mutation
· Mutation: change or lesion in a gene that disrupts function, to make another allele
· Allele: variation of a gene (gain of function, loss of function, change of function)
· Auxotroph: mutant unable to make a particular nutrient
· What is the difference between a genotype and a phenotype?
· A genotype is a description of the alleles within an organism
· It generally reflects the differences from wild-type
· For example: hisC-(or hisC-) means identical to wild type (wt) but carries a loss-of-function allele for hisC
· A phenotype is the observable properties of a strain
· For example, hisC-mutant is unable to grow on defined medium unless histidine is provided
· therefore: phenotype is His-
 

The Phenotypes of Mutations: Selection vs. Screening

· What is "selectable phenotype"?  
· Selectable phenotype is the phenotype that results from a mutation that confer on the strain the ability to grow under conditions that do not allow growth of a strain that does not carry the mutation
· For example: an antibiotic resistant mutation
· Or also: a mutation that allows the cell to produce its own histidine, in a medium lacking histidine
· What is an example of something that could not be selected for?
· For example, if there is a mutation that prevents the cell from making its own histidine, then you can't select for it!
· Think about it: if you put it in a histidine-rich medium
· What is screening?  When would we use it?
· Screening refers to the processes which permit the identification of organisms by phenotype or genotype, but do not inhibit or enhance the growth of particular phenotypes or genotypes
· We often use these methods when we are looking for unselectable phenotypes
· Explain the idea of replica plating.
· OK so firstly, replica plating is a SCREENING - not selecting - technique
· The idea is that we can figure which colonies on a given plate are auxotrophs, and which are prototrophs (the non-mutant parent strain)
· So we have a plate with all colonies (mutated and non-mutated) growing, and then we make an imprint of this onto a velveteen surface (so the locations of the colonies are the same as the original plate, which we keep)
· Then we transfer this velveteen to two different plates: one with a complete medium and one with an incomplete medium
· We compare the resulting plates, and when we see where there are no colonies in a spot where the other plate has them, we know that that guy was a mutant, and so we can go back to the original plate and pick him up, if we want
· Explain the idea of penicillin selection.
· OK, so this is "negative selection" in the sense that we don't seek to bring out the mutants we are looking for, but rather we look to kill the normals which we don't want
· The idea is that we throw a population onto a plate and then add penicillin
· Penicillin will only kill the GROWING cells (remember how it works!), and so when it is all said and done, we have all the normal cells killed and some mutants remaining
· Now at least the percentage of mutants present is higher, and so replica plating will be more successful
· What are some examples of phenotypes we can get due to mutations?
· Auxotroph, cold-sensitive, drug-resistant, non-encapsulated, non-motile, pigmentless, rough colony, sugar fermentation, temperature-sensitive, virus-resistant
 

Types of Mutations

· Discuss substitution mutations.
· The effect of a substitution mutation (one base replaces another) within a protein coding region depends on the resulting codon change. 
· In some cases, especially if the substitution is at the third base of a codon, the new codon might encode the same amino acid as the original codon, and the result will be no change in protein. This is called a silent mutation. 
· A missense mutation is when the new codon encodes a different amino acid than the original codon. 
· A nonsense mutation is when the new codon is a stop codon.
· Discuss frameshift mutations.
· Insertion and deletion mutations (a base inserted or deleted) in protein coding sequence result in a reading frame shift (Figure 10.4).
· Some insertions are caused by insertion sequences, which are genetic elements that are able to transpose (="hop") from one part of the genome to another part of the genome.
· The correct reading frame can be restored by a second insertion or deletion mutation near the first mutation, and sometimes this will fully or partially restore activity of the protein.
· What is a revertant?
· A revertant is a strain that has regained wild-type phenotype from mutant phenotype. 
· It is easy to envision how a point mutation could revert back to the wild-type sequence, or at least a sequence that restores activity to the encoded protein. 
· So there are two types:
· Same-site revertants: this is when the reversion mutation is in the same site as the original one
· Second-site revertants: this is when a mutation elsewhere produces an effect that suppresses the original mutation, and returns the cell to normal function
· Thus this is called a SUPPRESSOR MUTATION
· What is a suppressor mutation?
· Mutations that restore the wild-type phenotype also sometimes arise at a different site from the original mutation, and these are called suppressor mutations. 
· Some suppressor mutations arise in the same gene, such as the ones described above that restore the correct reading frame in a frameshift mutation. 
· However…suppressor mutations can also occur in other genes resulting in compensation for the loss of the protein activity caused by the original mutation.
 

Mutagens

· What are some mutagens that can get us?
· Base analogs, chemicals reacting with DNA, and radiation
· What is the deal with base analogs?
· Base analogs (i.e. 5-bromouracil and 2-aminopurine) are compounds which are similar to bases
· 5-bromouracail: can base pair with G
· Causes AT to GC substitutions
· 2-aminopurine: can base pair with C
· Causes AT to GC substitutions
· However, they are structurally different and so later on there is a HIGH chance of mutation
· For example, base pairing with them is often messed up
· What is the deal with chemicals reacting with DNA?
· Chemicals can react with nucleotides in a DNA strand and cause all kinds of havoc:
· They can chemically alter nucleotides within a DNA strand, resulting in changes to their base-pairing properties
· Or they can make crosslinks between different DNA strands…so the DNA polymerase can't replicate…
· Or you can insert yourself between 2 base pairs…and this will confuse the polymerase…because the spacing between adjacent base pairs is offset
· What is the deal with radiation?
· Another important type of mutagen is radiation (Figure 10.6). 
· Ultraviolet light is strongly absorbed by the nucleotide bases, with a peak at 260 nm. 
· The UV light can cause the formation of pyrimidine dimers between adjacent pyrimidine bases on the same DNA strand, and this can disrupt replication, increasing the incorporation of errors. 
· There are 2 kinds of radiation:
· Ionizing: this forms free radicals such as the hydroxyl radical, and they just go to town on the DNA, breaking it up and causing mutations
· Non-ionizing: so we get those pyridine dimers we were talking about earlier
· What are the 2 categories of DNA repair systems?
· Error free (very accurate -- gives back the exact sequence that was there before…)
· Error prone (repairs damage, stitches DNA back together…but there could be a mistake!  Hence mutations arise…)
· Explain what the SOS response is, how it works, and why we care about it.
· The SOS regulatory system is a cellular mechanism that is activated when the cell detects that there has been DNA damage, because the SOS regulatory system is supposed to fix it
· However, the SOS regulatory system is PRONE TO ERROR: that is, even though it is supposed to be repairing the DNA, it often does so incorrectly and thus introduces mutations that can be carried onto future generations
· The big players in this mechanism are: recA, lexA, umuD, and uvrA
· umuD and uvrA code for the enzymes that repair the DNA: umuD's enzyme is error-prone while uvrA's enzyme is very accurate
· LexA is a protein which acts to REPRESS the transcription of this umuD/uvrA genes, seeing as we don’t normally need this genes to be working
· However, recA inactivates LexA during times of trouble, meaning that LexA can no longer repress the DNA repair enzymes from being transcribed
 

The Ames Test

· What is the Ames test for?  Explain how it works.
· OK, the Ames test is used to figure out whether or not some random chemical will cause a colony of bacteria to mutate -- and we care about this because of it causes bacteria to mutate it can cause human cells to mutate, and if it can cause human cells to mutate then it is likely to also be CARCINOGENIC
· The idea is we take an auxotroph (either a histidine auxotroph of Salmonella enterica or tryptophan auxotroph of Escherichia coli) and put it onto a plate lacking the nutritional supplement it needs
· Then we throw the chemical in there and see if it causes a reversion mutation (a mutation that reverses the original mutation which made this organism an auxotroph in the first place) - and if we see a lot of cells being mutated thusly, we can assume that the chemical is quite mutagenic
· Note that the original mutation should be a point mutation, because then the forward and reverse rate should be the same
 

Lecture 10 Material

Genetic Recombination

· Explain how homologous recombination works.
· OK, so the idea here is that anytime there are two pieces of double-stranded DNA, there exists a potential for "recombination" to occur whereby part of one strand from one piece of DNA can be exchanged with part of a strand from the other piece of DNA
· In particular, this is made possible when the strands being exchanged are HOMOLOGOUS regions, which means that they are similar to each other and thus base-pairings between the two new pairs of strands are OK
· So firstly, an endonuclease nicks a strand from the donor DNA so that now it is hanging free from the rest
· Then, single stranded binding proteins bind to this hanging strand
· The RecA protein (oh yes, we have discussed this before) recognizes this arrangement (single strand + SSBP) and binds to that, and this forms a "cross-strand exchange" with the recipient DNA whereby the strands have almost been completely traded but there is still a link in the middle (see diagram)
· Then RESOLUTION: we get nucleases to come along to cut the link, and then DNA ligase to sew everything back up
· Note that the nucleases can cut in more than one spot, and thus a different arrangement will result
· How does the donor DNA even get into the cell?
· There are 3 ways:
· Transformation, in which naked DNA is taken up by the recipient cell
· Transduction, in which a phage injects DNA from the donor cell into the recipient cell
· Conjugation, in which plasmid or chromosomal DNA is transferred from the donor cell to the recipient cell as a single strand.
· How can we tell whether recombination has occurred?
· We just have to be smart about it!  Maybe we could pick the recipient DNA as an organism that has undergone a mutation and cannot synthesize a certain amino acid - so we know that unless it somehow gets different genetic data, nothing can or will happen
· The key is that in general, we want to be using "selectable markers" -- where we can detect based on the phenotype of the recombinant organism
· We can detect RARE transformation events using this approach, because if even one cell is changed then a colony will form and we will be able to see it
 

Transformation and Transduction

· Describe Frederick Griffith's experiment with pneumococcus.
· So the deal was that he demonstrated the concept of transformation, which (again) is when free DNA is taken up by a cell and incorporated into its genome
· The way he figured this out was by playing around with different versions of pneumococcus: one was called "S" and it was lethal because it had a polysaccharide cover which prevented the mice from killing it, while the other one was "R" and non-lethal because it lacked that cover
· He then designed the following scenarios:
· Mice + heat-killed S cells: mice lives because although S is lethal, all the cells die
· Mice + live S cells: mice die - obviously!
· Mice + live R cells: mice live, because the R cells are not harmful
· Mice + live R cells + heat-killed S cells: mice die - and this is the kicker!  And the reason for it is because although the S cells were dead, the R cells were picking up DNA from the S cells and incorporating it into their own genome, which gave them the ability to kill
· What are the pre-requisites for transformation?
· The cell must either be competent (where it is naturally able to take up DNA from the environment due to competence proteins that help to transport it in there)…
· …Or we have to treat the cells with "electroporation", which is when we use electric fields to create small
pores in the cell membranes through which DNA molecules can enter

· Note that we use electroporation for E. Coli, which is huge because we use E. Coli to create all sorts of stuff
· Give the mechanism for transformation.
· First, the transforming DNA bonds to DNA-binding protein on the cell surface
· Then we either take up the whole DNA (i.e. both strands), or a nuclease comes and cuts it so that only a single strand enters
· As the DNA enters, it binds to a "competence-specific single-stranded DNA binding protein"
· And then the recA protein takes over (you remember how recombination works, don't you?)
· Recall, what is transduction?  What are the 2 types of transduction?
· Transduction is when a bacteriophage which has been produced by some other host cell has taken some of that cell's DNA with it, and now as the phage goes to attack another cell, it injects some DNA from the original host cell's genome
· "Generalized transduction" is when the DNA that we get is from just any random part of the host cell's genome
· "Specialized transduction" is when the DNA is from a specific of that chromosome
· Explain the mechanism for generalized transduction.
· OK, so first we have the lytic cycle: recall that this is when DNA is injected into a cell and the cell's reproductive mechanisms work on it so that many more phages are produced - only here, we find that accidentally some of the host cell's own genome is replicated and so now some of the phages don't contain the "viral" DNA but instead they have DNA from the host cell
· This often happens because when the DNA from the virus is being transcribed, host cell DNA is right beside it (because the virus integrates itself into the genome) and it gets replicated as well
· Note that ONLY the host cell genome would be in these "phage particles" or "transducing particles"
· And so the new DNA enters the target cell not through transformation, but because a phage injects it in there
· And then we have homologous recombination, and BANG!  It's done.
· How does specialized transduction work?
· Same deal as generalized transduction, except for the way that the host cell's DNA is integrated into the transducing particle (see below)
· What is the basic difference between generalized and specialized transduction, and how does this help us to understand them better?
· OK, so the basic difference is in how the DNA is accidentally introduced into the phage or transducing particles
· With generalized transduction, sometimes the DNA is just plain chosen from the wrong spot in the genome for introduction into phage particles
· That is why the phage particles are ONLY the host DNA (no phage DNA)
· It is also why the DNA can be from anywhere in the genome (hence "generalized" transduction)
· With specialized transduction, the replication process starts where the phage DNA is introduced into the genome and spills over to whatever host genes are around there
· That is why the phage particles are NOT only the host DNA
· It is also why we say the host cell is from a SPECIFIC part of the chromosome: it's from the part near where the phage DNA integrates
 

Plasmids

· What is a plasmid?
· It is an extrachromosomal genetic element, which means that it is genetic information that is NOT part of the cell's chromosome, and thus not part of its "main" genome
· They have no extracellular form, which means that they do not exist outside of cells
· The enzymes/proteins they code for are not essential to the host, but they are often extremely HELPFUL to the host - for example, it may be able to confer antibiotic resistance
· Talk about plasmid replication.  What controls exist here?
· Well firstly, note that although plasmid replication is done by DNA polymerase (just like the main genome is), the REGULATION of plasmid replication is done by enzymes encoded by the plasmid itself (so it is independently controlled in that way)
· One thing regulated is "copy number", which is the number of copies of a certain kind of plasmid in a given cell (yes that is correct - a given plasmid can exist in more than one copy!)
· Another thing regulated is "incompatibility", which is the notion that certain plasmids cannot coexist in the same cell, and so whenever two incompatible plasmids are present, one of them will be gone by the next time the cell replicates
· Here we have the concept of "incompatibility groups", which are groups of plasmids that cannot coexist with each other (although they can coexist with plasmids from other groups)
· What are some examples of the functions that plasmids can confer onto a given organism?
· Antibiotic resistance
· Degradation of harmful chemicals (we can use this in our favor)
· Nitrogen fixation
· Conjugation
· What is the F plasmid?  Describe some of its most important features.
· The "F plasmid" (or "fertility" plasmid) is a well-studied plasmid that has the ability to get itself transferred from one cell to another
· If we look at its genetic map, we notice the following features:
· "Tra" region: contains genes involved in conjugative transfer (more on this later)
· "Ori-T" region: the origin of transfer during conjugation
· "Is": insertion sequences and "Ts": transposons are parts that can be integrated into the main chromosome of the plasmid's host cell (thus they are considered "hfr" regions - more on this later)
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Conjugation

· What is conjugation?  What is a simplified explanation of how conjugation works?
· Conjugation is one method of passing genetic material from cell to cell
· The example of that which we are currently concerned with is of the transfer of plasmids from cell to cell
· Recall that this transfer process is mediated by the products of tra genes
· Some interact with the oriT region of the plasmid to initiate the transfer of a single strand of DNA
· Others form structures such as pili which aid in the transfer of the DNA to the recipient cell
· And so all in all, we end up with a plasmid being duplicated and then sent to another cell so now both cells have the plasmid
· What is an R plasmid?
· This is a plasmid that encodes antibiotic resistance for a cell
· Discuss the R100 plasmid.  What are some factors that allow its effects to be so widespread?
· This is a plasmid that has regions which confer resistance to antibiotics such as: mercury, sulfonamide, streptomycin, chloramphenicol, and tetracycline
· It also has a transfer region that allows it to go from cell to cell
· It also has transposons which allow these resistance genes to be incorporated right into the genome, which is doubly bad because then another kind of plasmid could come along, take the genes off the genome, and then go spread it to other cell types with the original R100 was unable to access
· Describe how plasmid DNA is transferred from one cell to another.
· OK, this whole process is called "rolling circle replication"
· Well firstly, the two cells connect with a "pilus" or "sex pilus", and they come close together as the pilus retracts, pulling them towards each other
· Then ONE strand from the plasmid is nicked with "TraI", which is coded by the "tra" operon (also in the plasmid)
· The nick happens at the "oriT": you should remember what this is!
· "TraI" also performs the job of unwinding
· The nicked strand is then able to go through the pilus to the other cell, where its complementary strand is synthesized as it arrives
· The nicked strand goes 5' end first
· At the same time, back in the original donor cell, a complementary strand is being synthesized to replace the one which was lost!  Brilliant!
· What's up with the notion of "donor" or "F+" cells, and recipient or "F-" cells?
· Well, notice that the enzymes required for all this transfer to take place (i.e. the "tra" gene) is on the F plasmid - NOT the chromosome
· Thus, a cell will only be capable of being a "donor" if it has a plasmid, because the genes it needs to do the donation process are ON the plasmid!
· Finally, note that donors are "male" and recipients are "female"
· Discuss how an F plasmid might be integrated into a chromosome.  How are chromosome-integrated F plasmids relevant to the term "hfr"?
· It's because there are insertion sequences on the F plasmid and insertion sequences on the chromosome: and since these insertion sequences are homologous to each other, the plasmid can kind of just insert itself into the chromosome and all the base pairings will work out OK
· Once we get the plasmid in there, the cell can be considered an "Hfr" or "high frequency of recombination" cell because now when we transfer the plasmid into a recipient cell, we transfer some chromosomal genes along with it
· And once those chromosomal genes get into the other cell, they can recombine with the recipient cell's chromosomal genes at a high rate, and thus we get "hfr"
· Note that cells with the plasmids incorporated into the chromosome are F'
· What is noteworthy about the transfer of genes between "hfr" cells and F- recipients?
· Note that the nick will be made at oriT, as always
· Also note that the F- cell does not become an Hfr or F+ cell because usually the entire F plasmid will not get transferred
· Think about it: if we wanted to get the entire F plasmid, we'd have to go around the entire bacterial chromosome because the oriT is in the middle of the plasmid, and that's where we start
· How would we design a test to detect conjugation?  What information would this test give us about the genome?
· OK, so we have a donor cell that has the ability to code a bunch of amino acids, but is sensitive to streptomycin
· Then we have a recipient cell that is resistant to streptomycin but cannot code these amino acids
· Then we combine these two cells and then throw the product into different mediums
· Maybe one medium would have only streptomycin and glucose, so the only way that the recipient cells could survive is if they grabbed the threonine and leucine genes from the donor cell
· So by putting different combinations of amino acids in the mediums, we can see how long it takes for each type of recombinant cell to form - and doing this will let us know what ORDER the genes are in on the chromosome, because remember that the genes will always be transcribed in the same order!
 

Complementation

· What is complementation?  How can this be used?
· Complementation is when one cell or DNA strand "complements" another by providing something which the other one lacks: i.e. if I am missing the enzyme to make tryptophan, then I throw a DNA strand into the cell that can make that enzyme for me, then the DNA strand is complementary
· We can use it to test which gene a given cell has a mutation in, which causes it to (for example) be an auxotroph for tryptophan
· The idea is that if we know one cell has a mutation in Gene A that makes it Trp-, and another cell has a mutation in Gene B that also makes it Trp-, we can take a 3rd cell which is also Trp- but we don't know where the mutation is and combine it with both of the original cells
· If the mutation is in Gene B, then when we combine the cell with the Gene A mutation cell, the result should be Trp+ because together they produce all the enzymes necessary (b/c they COMPLEMENT each other)
· Note that no recombination occurs during these tests: you just throw the DNA strands in there and let them get transcribed
 

Transposons and Insertion Sequences

· What is a transposon?  How is it different from an insertion sequence?
· OK, first we have to understand the concept of a transposable element: it is a segment of DNA that is capable of moving from one part of the genome to another (they are RARE)
· An insertion sequence is the simplest type of transposable element: the only genes included in these sequences are those required to allow it to move to different locations
· Notice that transposition is NOT the way that genetic data from a plasmid gets incorporated into the main bacterial chromosome - rather, it is by recombination
· A transposon is a more complicated type of transposable element than the insertion sequence: it is bigger and carries more genes - such as those which confer drug resistance
· Talk about some features of transposable elements.
· OK, so there were always be a "tnp" gene, which codes the enzyme "transposase" which is used for transposition
· Also, on either end of the element there are inverted repeats of DNA - these are also involved in the transposition process
· Describe the two mechanisms of transposition.
· One mechanism is "conservative", which is when the transposon gets cut out completely of the DNA section it came from
· On either end of the transposon, we just cut one of the two strands (a different one on each end)
· Then we put these strands into another place on the chromosome, having cut one strand on each end there as well (remember it is inverted repeats here)
· Then we cut off the old DNA from the transposon
· The other mechanism is "replicative", where it is more copy-and-paste in the sense that the transposon is not removed from its old location - rather, a copy is made and that copy integrates into another location in the chromosome
· Here the transposon, the transposon-containing DNA, and the target DNA all combine to form one big "cointegrate" which contains two copies of the transposon
· Then the circle twists into a figure-8 shape and the circles release, with 2 transposons
· Note that for both mechanisms, the transposon just goes to a random place on the chromosome: there are no "set" target areas where the transposon must end up
· How can transposons help us with mutagenesis experiments?
· Well, this all comes down to the fact that (as stated previously) a transposon can insert itself anywhere it pleases
· Therefore, if it decides to insert itself in the middle of a gene, the gene will be disrupted (thus we have a mutant)
· We can easy check for such cells if the transposon in question confers antibiotic resistance, because then we just let the transposon go crazy, then find the ones which are antibiotic resistant (because this will tell us which cells the transposon got into)
· Then out of these cells, we throw them onto different growth mediums to see which genes may have been disrupted (resulting in auxotrophy)
 

Restriction Enzymes

· Discuss restriction enzymes.  Why are they necessary?  What do they do?  What safety mechanisms do we have/need for them?
· We need restriction enzymes because microbial cells often take up foreign DNA from the environment, or are injected with DNA by bacteriophage
· Some of this DNA could potentially harm the cell, especially if it encodes functions that are detrimental to cellular metabolism…thus we destroy it using restriction enzymes
· The deal is that they recognize specific sequences in DNA (often palindromes) and cleave the DNA at these locations, creating a double-stranded break. 
· For every restriction enzyme, however, there are also "modifying enzymes" which methylates the DNA that is synthesized in that cell at the same specific DNA sequence that is recognized by the restriction enzyme. 
· The methylation prevents the restriction enzyme from cleaving at the modified sites
· The whole system is thus called a "restriction-modification system"
· Explain the difference between sticky and blunt ends.
· OK, so this is all about HOW the restriction enzyme cuts the DNA
· If the cut is right down the "middle" of a double stranded DNA segment, then the "ends" will be smooth and there is no tendency for those ends to join together with anything else, because they are totally base paired
· However, the restriction enzymes can also cut in such a way that is "slanted", so that one strand gets cut at a certain base, and the other strand is a few bases down the line - thus the ends are not smooth and they can base pair because there are just single strands
· Explain how we might use restriction enzymes to create "hybrid plasmids" or introduce foreign DNA into a cell.
· OK, all of this lies on the principle that if a restriction enzyme cuts something, it is always at the same DNA sequence and so the sticky ends will also always be the same
· Thus if the restriction enzyme cuts a gene, we can also use the restriction enzyme on a vector (used for introducing the DNA into a cell) and then the gene will be able to fit right into the vector because the sticky ends are the same, so they will base pair
· Note that DNA ligase would be used in these situations in order to "glue" stuff back together
· What's up with the E. Coli chromosome?
· [I don't know…just read the description under Figure 10.42, pg. 295]
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Mapping Genomes

· Define the following terms.
· Genomics: the discipline involving mapping, sequencing, and analyzing genomes
· Genome: the total complement of genes of a cell (or a virus)
· Proteome: the total complement of proteins present in a cell, tissue, or organism at any one time
· Proteomics: the study of the proteins in a cell
· Bioinformatics: use of computer programs to analyze, store, & access DNA & protein sequences
· Functional genomics: determination of the function of unknown genes 
· Alright, so what is the deal with DNA sequencing?
· All DNA sequencing is, is the process of determining the order of nucleotides in a given DNA fragment
· With short fragments, there are ways to figure out the nucleotide sequence - but these methods are not practical when we have a LOT of DNA we want to sequence - for example if we are attempting to sequence an entire genome
· Describe and explain the differences between shotgun sequencing and map-directed sequencing.
· Firstly, these are both methods which are used to sequence WHOLE GENOMES
· With shotgun sequencing, we take the genome then cut it up randomly (using restriction enzymes which recognize nucleotide sequences that appear commonly achieves this)
· Then we "clone" each of the pieces that we get - and all that means is that we transfer it into another organism using a vector so that we can sequence that piece
· Therefore, since these pieces were cut randomly and then we cloned them, they are called random clones
· So we do this to many copies of genome so that we have lots of random clones, and then we use a computer to figure out what order they are in - and thus we have sequenced the entire genome
· The computer works by looking at the places where the clones overlap and determining which ones go after which)
· Usually we need "10-fold coverage" of the genome for the computer to do this, which means that for any given part of the genome there are 10 random clones overlapping it
· Map-directed sequencing takes longer, but doesn't require making as many clones
· Here we don't use the heavy-duty computational analysis to figure out what order each of the clones (also called contigs) go in, but rather we put them in order using restriction mapping
· Then once we have the order, we can sequence the clones individually and get our genome sequence
· What are some of the things which genomes can tell us about an organism, once we have the maps?
· We can learn some very detailed things about how that organism operates - recall the figure of the Thermotoga maritima, where detailed metabolic pathways were shown
· We can learn the pathways in this much detail because we can look at the genome and know what enzymes are being made, what substrates they take, and so on
· To qualify these statements, however: we can't tell what the ENTIRE genome is…approximately 40-50% of the genes we see, we have no idea what they do
· So all the stuff we conclude about the organism's function is in the part of the genome where we DO recognize the sequences
 

Microbial Genomics

· Alright, so from above we have discovered that there are many genes whose function we do not know.  What sort of disciplines have evolved out of this need?
· Functional genomics: the determination of the functions of these unknown genes: it involves analysis of the structure, function and regulation of proteins (proteomics) and the analysis of the expression of all of the transcripts in the genome at once (microarray analysis)
· Many times we do this by constructing mutants with respect to these genes, and then analyzing the biochemical and physiological effects of the mutations
· Functional genomics is also known as proteomics
· Quickly discuss some ways in which we study the unknown genes.
· Discover physical characteristics of the proteins they code for: one very useful technique is 2-D polyacrylamide gel electrophoresis (2-D PAGE): this allows us to separate, identify, and measure all the proteins present in some sample of cells
· First we throw all the proteins onto a gel and vary the pH along this gel so that depending on what the proteins' isoelectric points are, they will move in different directions and eventually stop
· Then we do something else to separate the proteins based on mass
· Study the conditions under which a gene is transcribed: here we use microarrays and DNA chips
· The idea here is that if we throw DNA and its associated mRNA together, it will hybridize - that is, the strands will bind together because they are, after all, complementary
· So now let's think: if we can put all the DNA from some organism onto a chip, and then throw some mRNA on there, the mRNA will bind to the chip in the area of the chip where its associated DNA is
· This is very useful for us because we can now tell what genes are getting expressed!  So let's say I want to see what genes get expressed when I put some organism into a certain condition (let's say, an hyperosmotic environment)
· All I have to do is put it in that environment, then take it out and grab all of its mRNA.  Then I mix that mRNA with the chip, and wherever the mRNA sticks to the chip, those are the genes which I know are getting expressed!
· Of course, the fundamental (and true) assumption underlying this process is that not all the genes in an organism are getting expressed at once
· What we do is we label the mRNA fluorescently so that the stuff that gets hybridized onto the chip can be identified with color change
· What is an "open reading frame", and why do we care?
· An "open reading frame" is a sequence of DNA that can be translated into a protein - thus it is going to be the portion between the start and stop codons, pretty much
· We care about this because mapping a genome is useless unless we can identify where the genes are within that genome - and that comes down to finding the open reading frames
· How do we find open reading frames?
· Well, we know SOME things about the structure of genes, so if we locate those we have a good shot at figuring out where the gene is
· For example:
· We know what the start and stop codons are
· We can look for Shine-Dalgarno sequences, which are sequences of mRNA which a ribosome latches onto (thus the start codon would follow them)
· Because of protein homology (the fact that proteins from different organisms are still somewhat related and thus their amino acid and mRNA sequences are related), we can look for sequences which we know are guaranteed to code for proteins
· What is the relationship between genome size and total ORF's in the genome?
· The relationship is that the more ORF's we have, the larger the genome is
· Note that the ratio is roughly one gene per kilobase pair
· However, this is more true in microorganisms than in humans, who (as we know - recall introns/exons) have a lot of "junk" DNA
Module 7: Microbial Taxonomy
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Theories on the Origins of Life

· Give a (very) macro overview of how the earth's conditions (and life along with it) have evolved over the past billions of years.
· Around 4.5 billion years ago, it was just the earth…and the conditions were not too cozy for any type of life to grow:
· No free oxygen
· A reducing atmosphere (i.e. tended to cause reduction reactions?)
· The chief elements were: water, methane, carbon dioxide, nitrogen, and ammonia
· HOT - the temperature was above 100 oC
· Energy input came from things like UV light
· About 1 billion years later (so around 3.8 billion years ago), the first microorganisms were formed (cyanobacteria) - and obviously they were able to use light as energy (since no other energy existed)…what's more is that they PRODUCED oxygen
· So eventually enough oxygen accumulated in the atmosphere that obligate aerobes could grow - and we got algae, insects, mammals, etc.
· What is some evidence which we have for ancient microbial structures on earth?
· In South Africa we have found bacteria microfossils that are 3.45 billion years old
· There are also ancient and modern stromatolites - they are layered, and the different layers have different ages so we can also estimate age using that
· Because there are stromatolitic bacteria which are stuck between the layers, and so we can estimate the age of this bacteria
· Give a ROUGH overview of how cellular life might have evolved.
· Alright, so the prevailing belief is that RNA was there at the beginning and it had an instrumental role in getting things started - this is mostly due to the fact that we have discovered that RNA has the ability to both serve as an information system for genetic code (duh), but ALSO that it can CATALYZE REACTIONS (RNA that does this is called ribozymes)
· Thus, if we had RNA at the beginning, it could catalyze the reactions to allow itself to replicate
· Then perhaps it could have been inserted into a lipid or lipoprotein vesicle - something for it to stay inside of that could protect it from the environment
· Then the proteins that the RNA coded for could become catalytic themselves - and take over the role of enzyme so that RNA is now just in charge of storing the genetic material
· And then DNA evolves from RNA, and voila we have DNA and proteins - the dogma of molecular biology is complete
· OK, but what about energy issues?  There had to be some way for cells to get the energy that allowed this to happen.
· Alright, there is a proposed alternate system - note that the system would have needed to be able to generate energy WITHOUT using oxygen, because the first microbes on earth were anoxic (remember?)
· So there is a simple 2-enzyme system: hydrogenase and ATPase
· First we get a reaction such as FeS + H2S -> FeS2 + H2 
· Then the hydrogenase (as the name suggests), breaks apart or OXIDIZES the H2 to get individual protons, and voila we have a proton motive force that could send protons through the ATPase to make ATP
· Discuss the oxygen-related trend which we see when we think about the lifetime of the earth.
· We see that the oxygen content of the earth increases steadily - it goes from an anoxic to an oxic environment
· This is because we get oxygenic phototrophs (think about what that term means) which CREATE oxygen
· And then we get some microbes forming who can USE this oxygen
· And all this time, the oxygen content is growing and growing so that we get the microbes that need the oxygen more and more
· Explain the idea of endosymbiosis, and how this is related to the different kinds of cells.
· Well the thing you have to realize is in order to use all this fun stuff like aerobic respiration, we need MITOCHONDRIA (an organelle)
· Except the thing is, the earliest microorganisms (even the eukaryotes, which are the major oxygen-using microorganism type) did NOT have mitochondria
· So we think that from the primitive ancestor evolved primitive eukaryotes (which did not have mitochondria), and then this guy gobbled up ("symbiotic uptake") a bacterial organism that was able to do aerobic respiration, and VOILA - the bacteria becomes an organelle and we are good to go
· A few notes:
· Some eukaryotes do not have mitochondria: either they lost it after symbiotic uptake or they never did symbiotic uptake at all
· Some eukaryotes didn't uptake a mitochondrion but rather a phototrophic cell, and it became their chloroplast
· There is also some suggestion from the notes that it is an ARCHAEAL organism (not a primitive eukaryote) that did the swallowing
· What is some evidence for the endosymbiotic theory?
· It has been observed that many of the eukaryotic organisms that do not contain organelles (note that these types of organisms are not very common) are also very near the root of the evolutionary tree
· Also, the ribosomes within the mitochondria and chloroplasts are of the bacterial type, and are inhibited by antibiotics that inhibit bacterial ribosomes but not eukaryotic ribosomes. 
· Their rRNA also has more sequence similarity to bacterial rRNA than to eukaryotic rRNA.
 

Ribosomal RNA as an Evolutionary Chronometer

· What is an evolutionary chronometer?  What is the main one we use, and why?
· It is something that changes in accordance with the evolution of some organism - so when we look at how this "thing" has changed over time, we have a good idea of how the organism has evolved as well
· By the same token, we can use these things to tell how FAR APART some organisms are evolutionarily - we compare how different their "things" are, and then we know
· The main one we use is small subunit ribosomal RNA (ssRNA)
· The main reason for this is because (obviously) every organism has some, so we can use it to compare all the organisms
· Also, it does the same thing in every organism (they have FUNCTIONAL HOMOLOGY)
· Alright, once we have some DNA, how do we get the part that codes ssRNA out of there, and amplify (make many copies of) it?
· The idea is that there are some parts of the ssRNA that are highly conserved (i.e. the same order of nucleotide bases), and others where it is highly variable
· The variable parts are where we are going to see the change and make evolutionary conclusions based on
· But for the conserved parts, we can use them!
· So we heat the strands so that the double-strand comes apart
· Then we attach primers, which will bind to the strands at certain areas (the conserved parts of the ssRNA)
· And then the primers will get extended to make copies of the gene using DNA polymerase, and we can do this again and again to get more copies!
· This is the PCR reaction!
· Then we sequence that PCR product directly
· So how do we make phylogenetic trees?
· Alright, so the idea is that we will take some nucleotide sequence (the same one for each of the ssRNA strands)
· And then we line them up and count all the differences in nucleotides - we may find that 25% of the nucleotides are not paired with the same one, and so we say that the EVOLUTIONARY DISTANCE between the two strands is 0.25
· Note that after we calculate this, we adjust the number to find a "corrected evolutionary distance" which takes into account back mutations, etc.
· And then we can make a tree where the distance between any two strands on the tree reflect the evolutionary distance between the two organisms
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Microbial Phylogeny from Ribosomal RNA

· What have these new molecular techniques in microbiology enabled us to do?
· First, it has re-ordered our understanding of how the different life forms on Earth are related.
· Now we don't have to rely on shape or color - we can look at evolutionary relatedness…and sometimes this produces surprises!
· Second, we are now able to probe the microbial community structure of environments without first culturing the organisms. 
· This is great because we can now learn about the structure of a microbial community without having to culture every single last one of them
· Lastly, we can do rapid clinical diagnostic tests for specific pathogens
· Discuss signature sequences.  What are they, why do we care, and how do we find them?
· Signature sequences are sequences of ssRNA that are UNIQUE to some group of organisms - maybe they are universal (all organisms have a certain sequence), or domain-specific, group-specific, genus-specific
· We care about these things because they mean that if we can find them in an organism's ssRNA, we automatically know something about that organism (i.e. I know you are a bacteria b/c I found a certain sequence in your ssRNA)
· One of the ways we can find them is by using fluorescent in situ hybridization (FISH) - it is when we throw a probe into the cell which binds to these specific sequences
· Then it becomes fluorescent and so if we look at it under the microscope and see that fluorescence, we know it is bound and thus we know that the organism is of a certain type
· And we do this all without ever needing to culture the thing or anything - "in situ" means "in their environment"!
· Discuss some more applications of techinques like FISH.
· These probes can be used to detect organisms in situ using fluorescent label
· Or to analyze community structure after first isolating total community DNA and then amplifying the small subunit genes by PCR, cloning the amplified fragment, followed by sequencing.
· Or sometimes we might have a mixed culture and we want to see how much we have of each organism - we just use a different color probe for each organism and see how much of each color we get
· The example given was detecting the two types of nitrifying bacteria in activates sewage sludge
 

Taxonomy and the Species Concept

· Give a quick review/overview about what ssRNA has told us about high-level phylogeny.
· Biologists had previously organized organisms into five kingdoms, including one kingdom that included all the prokaryotes…but it was shown that this was WRONG
· Molecular phylogeny based on comparisons of small subunit rRNA sequences has revealed that there are in fact three domains, or evolutionary lineages (Figure 11.13). 
· Two of these domains are prokaryotic (Bacteria and Archaea), while the third, the Eukarya, includes all other organisms. 
· There are many more than five kingdoms within the three domains of the universal phylogenetic tree. 
· Given that there seem to be these 3 domains that are quite different, what is one surprising finding?  What is an explanation that has been advanced for this?
· It is surprising that MANY GENES are shared among species of all three domains
· We think that this is because of extensive lateral (horizontal) gene transfer - right after the universal ancestor and before the 3 things split up too much, they transferred genes to and from each other
· Alright, well we just assumed that once they all went their different ways, further gene transfer was impossible.  Why?
· Physiochemical barriers: selective colonization of habitats
· Enzymatic barriers: different restriction endonucleases
· What are other ways to differentiate between the 3 domains?
· Well first we should note that (of course) the fundamental difference is in the DNA of the organisms
· HOWEVER, this DNA plays out by having different phenotypic properties and so we can look at certain phenotypes and make generalizations about the different domains based on them
· For example, there are differences between the domains in the following areas:
· Cell walls
· Lipid types in the membrane
· RNA polymerase (structure of)
· Inhibition of protein synthesis (what inhibits me?)
· That leads into the next thing to think about.  What are the different ways to classify species?  What are some of the issues going on here?
· The two ways are:
· Phenotypic characteristics
· So we just talked about this: physical characteristics, biochemical characteristics, etc.
· Phylogeny
· Using ssRNA
· But there are issues - sometimes 2 phylogenetically DISTANT organisms could have a similar phenotype for something - then what?
· Or the opposites: phenotypically distinct organisms may have identical 16S!
· Also, microorganisms have few phenotypic characteristics that we can use for comparison, when it comes down to it.  So…
· Alright so what are some hard and fast methods that we have ultimately decided on?
· GC base ratio: how many G's and C's does one organism have in their genome?  Usually phylogenetically similar organisms will have similar numbers for this
· DNA hybridization: so this is when we take DNA from one organism, radioactively label it, then denature it (tear the strands apart)
· Then we take another organism's DNA, NOT label it, then tear it apart as well
· Then we mix all the denatured DNA together - obviously some of it will re-hybridize to its original partner (so we might get a double strand sequence where both strands are radioactive), but also if the organisms are GENETICALLY SIMILAR, then the strands will be able to bind with strands from other organisms too - giving us DNA that is 50% radioactively labeled
· Then we calculate what percentage of the DNA hybridized with the other organism's DNA and it gives us an idea of how similar they are
· Usually over 70% similarity here is required for us to say that the two organisms are the same species
· And 20-30% to say that they are in the same genus
· FAME: fatty acid methyl ester analysis of bacteria/prokaryotes
· The idea here is that the number and types of fatty acids found in bacteria are different due to having different characteristics, for example:
· Saturated, unsaturated, cyclopropane, branched, hydroxy
· So we take all the fatty acids from a cell, then make their corresponding methyl esters, then use gas chromatography to differentiate between the different kinds
· What about the classical identification methods, how would they work?
· First we need a pure culture
· Then we run different tests to narrow it down - look at the shape, then see how it does with oxygen/no oxygen, then look at metabolic products, etc.
· What are some examples of characteristics we would look at with the phenotypic approach?
· Microscopic characteristics: 
· morphology (cell shape, size, arrangement; flagellar arrangement; endospores, staining reactions (gram stain, acid fast stain)
· Growth characteristics:
· appearance in liquid culture; colony morphology, pigmentation; habitat; symbiotic relationships
· Biochemical characteristics:
· cell wall chemistry; pigments; storage inclusions; antigens
· Physiological characteristics:
· temperature range, optimum; O2 relationships; pH range; osmotic tolerance; salt requirements, tolerance; antibiotic sensitivity
· Nutritional characteristics:
· energy sources; carbon sources; nitrogen sources; fermentation products; modes of metabolism (autotrophic, heterotrophic, fermentative, respiratory)
· Genetic characteristics: DNA (%G+C)
· What is the species concept, and why can we not use it on prokaryotes?
· Species are defined as populations which can interbreed (i.e. have sex with each other) and produce offspring that are fertile (i.e. our children can have sex with each other)
· We cannot use this on prokaryotes because they are ASEXUAL organisms - they reproduce without having to have sex with anyone else
· So what is the deal with prokaryotes and species then?  Where do we find information for this stuff?
· The deal is that we still use the concept of species in describing them, but we do it based on how similar their ssRNA sequences are
· They have to be 97% similar
· This is not an arbitrary number - 97% similar ssRNA results in 70% hybridization, which (as discussed earlier) is a rule we use for same-species
· There are major databases/directories for storing information on these guys:
· Bergey's Manual of Systematic Bacteriology
· American Type Culture Collection
· Name the different aspects of a taxonomic hierarchy.  What is it anyway?
· Domain, phylum, class, order, family, genus, species
· They are just different levels at which we can classify species
· What is polyphasic taxonomy?
· It is the differentiation of prokaryotic species on both genetic and phenotypic grounds:
· SSU rRNA sequencing
· genomic hybridization
· whatever phenotypic characteristics help 
· How does bacterial speciation even happen?
· Of course there are different theories, but one of them is that within some environment, there will a group of cells that all share a similar resource (i.e. a nutrient) - and we call this group an ecotype
· Gradually, some of these cells will be mutated such that they can survive better (maybe they are able to use this nutrient better or more efficiently), and so they start growing
· Eventually the whole population consists of this new type of cell, and voila, we have a new species within the ecotype
· Note that this doesn't affect any other ecotypes!
MORE CRAP AT THE END TO ADD

 

Module 8: The Bacteria I

Lecture 15

Overview of Domain Bacteria

· Give me an overview of the domain bacteria.
· Recall that there are 3 domains - bacteria, archaea, and eukarya
· We are talking about the bacteria domain - which is first divided into at least 18 different lineages, or phyla
 

The Proteobacteria

· Give an overview of proteobacteria.
· Alright, so this is one "phyla" of the bacteria domain
· We can overall divide it into phototropic proteobacteria and non-phototropic proteobacteria (i.e. can either do photosynthesis or cannot)
· The phototropic types are also called "purple" bacteria, and there are three 3 such subdivisions: alpha purple proteobacteria, beta purple proteobacteria, and gamma purple proteobacteria
· The non-phototropic bacteria include: epsilon purple bacteria and delta purple bacteria
· The gamma subdivision have most of the pathogenic proteobacteria in it, and it has been studied the most
· They are gram-negative organisms
 

· What are some key characteristics of purple phototropic proteobacteria?
· Recall that these fall into the alpha, beta, and gamma subdivisions of proteobacteria
· They perform anoxygenic photosynthesis, meaning that they do photosynthesis but DO NOT PRODUCE oxygen
· Bacteriochlorophylls (similar to plant chlorophylls!) and carotenoid pigments determine which wavelengths of light are used for photosynthesis, and so we will see different colors depending on what is absorbed and what is reflected
· In fact, O2 inhibits photosynthesis, although some can still grow aerobically using respiration
· Often we see purple photobacteria at a certain level in a lake, because that is where they have sufficient sunlight but no oxygen - and that's how they like it!
· What color is bacteriochlorophyll?  How do we know this?
· It is blue - and we know this because R. rubrum G-9 (a proteobacteria) is a mutant that does not have carotenoid, and so there is nothing to distort its natural color and we see that it is blue
· What are the different kinds of structures which exist for photosynthesis?
· Some cells have flat sheets of photosynthetic membrane - these are called lamellae
· Other cells have spherical vesicles of photosynthetic membrane - these are called chromatophores
 

· What are some key characteristics of purple sulfur bacteria?
· Photoautotrophs, oxidize H2S to S0 during photosynthetic CO2 reduction - meaning that they use sulfur as an electron donor in order to reduce CO2 (remember that photosynthesis is when we use light, water, and carbon dioxide to make sugar that we can use as a carbon source -- so we are REDUCING the carbon dioxide into a high energy molecule)
· The generated S0 is stored in periplasm
· These guys are found in anoxic zones of lakes where H2S is present
· Members of gamma proteobacteria
· What are some observations we make when we look at a table of characteristics of purple sulfur bacteria?
· We see that some deposit their elemental sulfur inside the cell, and others outside the cell
· We see that a certain genus, the chromatium, have a wide range of %GC (percentage of DNA bases that are guanine or cytosine) - this is possibly because they are chimeric organisms (have acquired DNA from other sources)
 

· What are some key characteristics of purple non-sulfur bacteria?
· Only very low levels of H2S oxidation
· They are photoheterotrophs (can use light for energy and organic compound for carbon) - makes sense, right?  If they don't use H2S for photosynthesis (thus not use it at all), they need to get their carbon from somewhere else
· They are often N2 fixers, meaning that they convert it to ammonium so it can be used for growth
· They are members of the alpha and beta subdivisions of proteobacteria
· What are some observations we make when we look at a table of characteristics of purple non-sulfur bacteria?
· We see that they are differentiated by their shape
 

· What are some key characteristics of methanotrophs?
· They are considered to be methylotrophs, which means that they can oxidize C1 compounds (compounds with only 1 carbon, and thus no C-C bonds)
· Obviously therefore, they can oxidize methane, which is the reason for their name
· Furthermore, methanotrophs CANNOT utilize compounds which contain carbon-carbon bonds
· They contain the enzyme methane monooxygenase, which is used to convert methane to methanol (so that is how they use it)
· They are obligate aerobes (often microaerophilic)
· Talk about the sources of methanotrophs' energy.
· Well obviously it is methane - and they get this from methanogens, which are organisms which MAKE methane
· Methane is produced as the product of anaerobic metabolism
· Note that methane derivatives may also be used - i.e. as long as they have methane (and no other carbons) in it, so for example: methanol, methylamine, etc.
· Talk about the habitats of methanotrophs.
· They like aquatic, terrestrial habitats: often found at interface between anoxic zones (where methane is formed) and oxic zones (where O2 is available for respiration)
· For example, in a thermocline (where the temperature changes rapidly with depth) - the place between anoxic and oxic zone
· They are also found in cattle rumen and swamps
· Why?  Because there are biological sources of methane here (we KNOW that cows produce methane, and I guess swamps do too)
· They also have symbiotic relationships with animals like marine mussels that live near hydrocarbon seeps on the seafloor
· The mussel lung tissues absorb methane, and the methanotrophs live on these tissues so they get it for free
· In return, the methanotrophs supply organic carbon to the mussel 
· Within the group of methanotrophs, what are some further distinctions we can make?
· Some are alpha proteobacteria:
· Complete TCA cycle
· Use serine in their carbon assimilation pathway
· Can fix nitrogen
· Others are gamma proteobacteria:
· Incomplete TCA cycle
· Use ribulose monophosphate in their carbon assimilation pathway
· Cannot fix nitrogen
 

· What are some key characteristics of psuedomonads?
· They are a very heterogeneous group, taxonomy has been revised recently: meaning that we have separated them into different genera, including pseudomonas, burkholderia, ralstonia, commamonas, etc.
· They are aerobic chemoorganotrophs who are nutritionally versatile, meaning that yes they use outside organic sources for their carbon, but they can get it from MANY different sources
· They inhabit many different environments (soil, water, animal pathogens, plant pathogens)
· Some individual pseudomonads can inhabit more than one (i.e. both plant and animal)
 

· What are some key characteristics of free living aerobic N2-fixing bacteria?
· They are strict aerobes (obviously, look at the name!)
· They can fix N2 aerobically (meaning in the presence of oxygen)
· However, the enzyme that does this - nitrogenase - is irreversibly inactivated by oxygen - so this means that if oxygen gets INTO the cells at too high a level, it is toast
· So it protects itself from this using:
· A thick capsular slime layer
· A very high rate of respiration
· Expound on one particular example of a free living aerobic N2-fixing bacteria.
· We talked about azotobacteria
· They form cysts around themselves - which are kind of like endospores…
· They are somewhat resistant to drying, radiation, and mechanical disruption
· HOWEVER, they are NOT resistant to heat
 

Neisseria, Chromobacterium and the Enteric Bacteria

· What are some key characteristics of neisseria?
· They are BOTH gram-negative (no surprise there, all proteobacteria are gram-negative remember?) AND cocci-shaped (now THIS combination is RARE)
· They are non-motile
· They are aerobic
· Some are animal pathogens
· You may recall Neisseria gonorrhea, Neisseria meningitis, etc.
· What are chromobacterium, and why are they in this group?  Discuss the most well-known chromobacterium.
· They are phylogenetically related to neisseria -- except they are rod (bacillus) shaped, not cocci
· The most well-known chromobacterium is C. violaceum, which has a purple pigment
· This pigment is only made if tryptophan is available in the medium
· The synthesis of the pigment also depends on the density of the chromobacterium - so here we have quorum sensing coming in again, which is useful because now we have a colored (purple) marker we can use to detect density data
· Also, the pigment has antibiotic-like properties
· What are some key characteristics of enteric bacteria?
· They are all within the gamma subdivision of proteobacteria
· We have sub-divided them further into genuses (i.e. E. coli, Salmonella) but really they should all be in the same genus - it's just that before we had the tools to take care of that phylogenetically, we separated them based on their different properties…for example:
· Peritrichous flagella, facultative aerobes, negative results on the "oxidase test"
· There are many pathogens in this group, and they are very well studied
· What are some tests we use to identify enteric bacteria?
· We look at the ways that glucose is fermented in them:
· The mixed acid test, when three acids are formed in significant amounts
· The butanediol fermentation test, when butanediol is formed and the three acids not as much
 

Lecture 16

Agrobacterium

· Alright, let's re-contextualize ourselves.  What are agrobacterium?
· They are ONE TYPE of bacteria within the family "rhizobiaceae"
· The key members of this family are:
· Agrobacterium (traits discussed later)
· Other bacteria including: rhizobium, bradyrhizobium, sinorhizobium, azorhizobium, and mesorhizobium (traits discussed later)
· What are some key characteristics of agrobacterium?
· They are part of the ALPHA subdivision of proteobacteria
· They are gram-negative (but you knew this already, didn't you?)
· Aerobic
· Motile rods found in soil
· Do you realize that these characteristics are much like psuedomonads?
· Where do agrobacterium go and what do they do?
· They invade the crown, roots, and stems of many plants
· They transform the plant cells and cause tumors
· Explain how an agrobacteria might infect a plant and do its thing.
· Alright, so we have a two-component regulatory system here
· First the plant must be damaged, and so "wound juice" comes out…which is composed of:
· Monosaccharides
· Low pH
· Phenolic compounds
· This is detected (especially the phenolic compounds) by a sensor protein in the membrane of the bacteria called virA
· VirA then phosphorylates VirG
· VirG then activates VirD
· VirD is an endonuclease, and so it makes a nick in a plasmid in the bacterial cell called the Ti plasmid
· Within this plasmid there is a section of DNA called the transfer DNA or T-DNA, and we need to get this section into the plant cell so that the plant cell can start forming a tumor
· So a single-stranded DNA binding protein called VirE comes and binds to the single strand of T-DNA
· VirB then forms a conjugation bridge between the bacterial cell and the plant cell, and we are good to go
· Once the T-DNA gets into the plant cell, it heads straight for the nucleus since the VirE has a nuclear localization signal, and we are good to go!
· Discuss the Ti plasmid further.  How is it like a nice little survival toolkit for the agrobacterium plant?
· It has the different vir genes: A, B, G, C, D, E
· It has T-DNA, which goes into the plant cell…and within this are oncogenes and opine synthesis genes
· Oncogenes cause the tumor to form
· Opine synthesis causes the plant cell to make opines, which are modified amino acids
· It has opine catabolism genes - oh yes, this means that the opines which the plant cell is now making can be used by the agrobacterium for energy!
 

Root Nodule Forming Bacteria

· Now the other key members of the family rhizobiaceae.  What are they, and what do they do?
· Recall that they are rhizobium, bradyrhizobium, sinorhizobium, azorhizobium, and mesorhizobium
· They are soil bacteria that fix nitrogen after being established in the root nodules of legumes (symbiotic relationship)
· This is a BIG DEAL because a lot of times plants will die if they don't have enough nitrogen - so if we can get these things to infect the root nodules of our plants, we are doing well for ourselves
· There are specific rhizobia for specific types of legumes (i.e. pea, bean, soybean, etc.)
· Alright, so we know that the rhizobia hang out in the root nodule.  Now explain how a root nodule is formed.
· Alright, well first of all the rhizobia have to bind to the outside of the plant - this is aided by an adhesion molecule called rhicadhesin
· More specifically, the rhizobia bind to a protrusion from the plant cell called a root hair
· Then "nod factors" are released by the rhizobia, and this causes the root hair to curl
· The curling allows the rhizobia to enter the root hair
· So now we are inside the hair.  We stimulate the plant to form an "infection thread", which is basically a tube which allows us to travel from the tip of the hair into the root cell
· Once the rhizobia are in the plant cell, they differentiate into cells called bacteroids
· The bacteroids become surrounded by membrane and form a symbiosome, and ONLY THEN does N2-fixing  begin
· So now we have bacteroids in the cell, and stuff just grows and grows - the nod factors stimulate plant cell division and thus we get the nodule forming
· Alright, discuss the nitrogen fixation process further.
· Well firstly, as discussed previously the enzyme nitrogenase is used, which is SENSITIVE TO OXYGEN - thus nitrogen fixation can only occur when the rhizobia are INSIDE a root nodule, because that protects them
· So basically we have N2 reduced to 2 NH3, which is then incorporated into organic N compounds
· A lot of ATP is required - 16-24 ATP
· Explain what goes on inside the symbiosome.
· OK, so the plant cell around it provides intermediates of the TCA cycle: succinate, malate, and fumarate
· These organic acids are used by the symbiosome to a) make ATP and b) donate electrons so that N2 can be reduced
· It should be noted that (as we know) oxygen is used to make ATP, because it is the end receptor at the end of the electron transport chain…however the symbiosome keeps the oxygen very localized so that it doesn't affect the nitrogenase, which is also doing its thing inside the symbiosome
· What is the Sym plasmid?  Discuss the significance of its contents.
· The Sym (stands for symbiosis) plasmid is a plasmid in the rhizobia that has genes which code for the proteins that allow many of the processes we just discussed to happen
· They have genes which code for Nod factors
· NodD is PARTICULARLY important because it activates the transcription of all the other genes
· Recall that among the functions of the other Nod factors is one which causes the plant cells to divide and form that root nodule
· The Nod genes have a particular "host range" - their protein structure is specific to a certain range of host plants, and that's why you can't just stick any old rhizobia into any plant - there are specific pairs!
· They have nif genes (on either side of the nod genes) that code for nitrogenase
· Talk about the structure of a nod factor.  How do the different nod genes play into this?
· Well firstly it has a chitin backbone (NodC responsible for this)
· Nod A, M, E, F, etc. control other parts of the molecule
· Nod I and Nod J allow the Nod factor to leave the bacterial cells and go influence the plant cells
· What are flavinoids and why do we care?
· They are INDUCERS of nod gene expression - so just like how nodD controls the transcription of the other nod genes, so too do flavinoids have an influence
· The flavinoids bind to receptors and either cause the inhibition or activation of nod gene expression
· This is important for us because they introduce ANOTHER level of bacteria-plant specificity: not all bacteria recognize the same flavinoids, etc.
 

Add this crap to the end…I'm guessing that it belongs under the enteric bacteria section

· Helicobacter pylori
· E-proteobacterium
· Microaerophilic
· Spiral shaped, highly motile
· Sheathed flagella
· First genome to be sequenced (1995), but sold to privae interests (thus not as well known)
· That's how important it was -- that someone would pay to have it done
· See section 26.10
· Note its role in ulcers…
· Barry marshall drank the potion of helicobacter and started this whole thing…
· They showed how the bacterium played a role in gastritis and peptic ulcer disease
· It doesn't grow fast…you have to have special environment to cultivate it…
· We looked at a picture of 3-day culture in blood agar
· This organism ordinarily colonizes the gastric mucosa (lining of staomch) -- see www.gerd.com
· So the organisms have to be resitant to low pH (which they are)
· The private sequence was never made public, but then later there was a public sequence made available
· Stomach ulcers
· Originally thought to be caused by stress or spicy foods (but that's not true!)
· Standard treatment was drugs that reduce gastric acidity and diet modification
· And this is great for pharmaceutical companies b/c it doesn't actually get rid of the infection
· However, more than 80% of gastric ulcer patients have Helicobacter pylori infections
· Oiriginally much resistant to the idea that ulcers should be treated with antibiotics
· Recall Koch's 3rd postulate
· Do the isolated bacteria cause the disease?
· Barry Marshall drank a culture of H. pylori after having his stomach examined by endoscopy -- to show that there was no prior infection
· Experiencedd nausea and vomiting within one week
· Endoscopic examination and biopsy revealed inflammation and colonization of stomach by H. Pylori
· Picture of biopsy of Marshall's stomach
· SO there are epithelial cells, then we can also see helicobacter that are colonizing those cells
· Helicobacter pylori pathology
· Colonizes surfaces of the gastric mucosa
· Produces vaca cytotoxin and urease (breaks down urea to CO2 and NH3), proteases, which result in tissue destruction
· You can give labled urea to a patient and see how much of the CO2 that the patient breathes out is lableed as well -- this allows us to see how much of it gets passed through
· Urease is important for ability to survive the acid environment of the stomach
· Infections are usually chronic, leading to chronic gastritis
· Permanent curing is often obtained through antibiotic therapy (metranidazole, tetracycline, amoxycillin)
· Helicobacter pylroi also causes cancer…which brings us back to the following slide
 

Module 9: The Bacteria II

Lecture 17

Introduction

· OK, let's have some context.  Where are we right now in terms of the bacterial world?  Where are we headed?
· Well, the module we just finished review proteobacteria, which is a "phyla" of the domain Bacteria
· Additionally, all the bacteria we have just reviewed are gram-negative bacteria
· In this module we will do some more gram-negative bacteria (STILL IN THE "proteobacteria" PHYLA), then start doing gram-positive bacteria - where we will see that there are two major groups: low GC content and high GC content
 

Vibrio and Photobacterium

· Contextualize.
· Vibrio and photobacterium are both genuses, under the umbrella of the group "vibrio" (yes, same name)
· What are some key characteristics of vibrio and photobacterium?
· They are gram-negative (oh yes we knew that)
· They are facultatively aerobic RODS (bacillus)
· They are mostly polarly flagellated
· They test positive on the oxidase test
· Comment on their favored environment.  What implications does this have for our safety?
· They like water: aquatic, freshwater, marine environment-type stuff
· One vibrio in particular - vibrio cholerae - is a HUMAN PATHOGEN, and is associated with poor water sanitation
· Talk about how vibrio and photobacterium can luminesce.
· Well in particular (not all of them!), V. fischeri are associated with fish and can luminesce
· The fish have a "light organ", and tons of bacteria are packed inside there
· What happens here is there is a reaction between FMN (hydrogen donor), a long chain aliphatic aldehyde, and an enzyme luciferase - and light is produced
· However, this enzyme luciferase (this should be familiar!) is subject to regulation by auto-induction, which means that all bacteria produce AHL, and so by sensing the total amount of AHL in the environment  (much of which will be produced by the other bacteria) we can tell how dense the population is, and then act accordingly: 
· When the concentration of these molecules reaches a critical point, indicating that the population has reached a certain density, the synthesis of the luciferase enzyme is induced at the transcriptional level (quorum sensing!)
 

Ricksettias

· What are some key characteristics of ricksettias?
· They are obligate intracellular parasites - think for a second about what this means.  This means they MUST live inside an animal's cell to survive
· Closely related to mitochondria, phylogenetically speaking: why does this not surprise us?  Recall the endosymbiotic theory, where a mitochondria-like bacteria went to live inside another cell and also developed an obligate relationship!  Oooooh!
· They have very restricted energy metabolism - yup this is all part of the same deal…that's why they need to be given energy by the host to survive
· Discuss disease issues with these guys.
· They are often transmitted by arthropod (insect) vectors - so when a tick bites us, watch out!
· They cause diseases such as Rocky Mountain spotted fever and Q fever
 

Spirilla

· What makes spirilla different from all the other "groups" of bacteria we have discussed this far?
· Spirilla are NOT a phylogenetic group!  We just group them together because they have the same (spiral) shape!
· In fact, they are physiologically diverse as well…
· We also note that in the brief survey of spirilla given in the table, there are huge differences in %GC - this also indicates phylogenetic diversity for us
· They actually span all the sub-divisions of proteobacteria: alpha, beta, gamma, delta, epsilon
· Which species of spirilla is particularly interesting to us, and why?
· It is called Bdellovibrio bacteriovorus - and it is in the Vibrio family (obviously)
· It is small and highly motile
· But what we are REALLY interested in is that it infects other bacteria!  It inserts itself into the periplasmic space of gram-negative bacteria such as E. coli, pseudomonas, etc. (why is this not possible with gram-positive bacteria?)
· So it inserts itself into the space and then elongates and reproduces
· The main cytoplasm of the "host" cell is squished down to nothing because this guy takes up so much room
· Eventually the "host" cell lyses and all the new Bdellovibrio's go off
· (almost as a result…) Bdellovibrio cells do not grow well outside of the host cell, but variants have been isolated that are able to grow in pure culture
 

Budding and Prosthecate/Stalked Bacteria

· What are some key characteristics of budding and prosthecate/stalked bacteria?
· Well we return to the "norm" here - these guys are grouped not by their physiological characteristics (in fact, they are quite HETEROGENOUS in that sense), but rather by their phylogenetic relationships - they are all part of the alpha subdivision of proteobacteria
· Also, they do share ONE physiological characteristics in common - the fact that they make buds/stalks
· They have "cytoplasmic extrusions" such as stalks, hyphae, and appendages (which are COLLECTIVELY called prosthecae)
· It is important to note that these prosthecae, although perhaps seeming similar to flagella or pili, are NOT - because they have cytoplasm inside them - they are still part of the cytoplasm
· Lastly, another important/weird characteristic is that they have unequal cell division, meaning that the daughter cell is quite distinct from the mother cell (more later on this)
· Think about the function of these prosthecates.  What implications does this have for the environment of the prosthecate bacteria?
· They have a role in attachment, and they also increase the surface/volume ratio (as we know, this maximizes the nutrient uptake)
· This is a great design for helping them survive in the NUTRIENT-POOR aquatic habitats where they mostly hang out:
· The attachment helps them cling to solid surfaces where food is likely to be found
· The good S/V ratio helps them to get as much nutrient as they can
· Explain 4 methods through which we can get unequal products of cell division.  Give examples where appropriate.
· Simple budding - a normal (non-prosthecate) call just has another (non-similar) cell "bud out" from the cytoplasm
· Budding from hyphae - a prosthecate bacteria has a "budding out", and it is FROM THE HYPHAE
· Example: hyphomicrobium
· Cell division of stalked organism - again it is a prosthecate bacteria that buds, but it is from the "regular" part of the cell, not the hyphae
· Example: caulobacter
· Polar growth without differentiation of cell size - similar to "simple budding", except the "bud" starts out the same size as the regular part of the cell (see figure if this doesn't make sense)
· What are some particular examples of prosthecates which were discussed in class?  Comment on their life cycles.
· Hyphomicrobium
· Alright, so we have the mother cell to start off with and there is no extrusion
· We start growing a hyphae out from the cell
· At some point, one copy of our DNA (two originally existed) enters the hyphae and goes to the end
· A "bud" starts forming out of this end of the hyphae, where the DNA is
· A septum (wall) is formed to separate the "bud" part of the hyphae from everything else
· The bud breaks off, develops a flagella, and swims away - and we are back to the beginning!
· Note that the daughter cell will eventually lose the flagella and reproduce just as its mother did
· Caulobacter
· OK, this is the story of the stalked cell (has a structure called a "holdfast" on the end, to allow it to attach to surfaces) and the swarmer cell (has a flagella for moving)
· So we start with a swarmer cell which loses its flagellum and comes to rest somewhere
· It starts growing a stalk outwards, and this allows it to attach to a surface because of that holdfast
· During this time it is replicating its DNA, etc.
· Then it RE-GROWS a flagella, and the two cells break apart (the stalk part and the other end of the cell with the flagella) - this is UNEQUAL binary fission
· And the swarmer cell (with the flagella) swims around, finds another place to sit down and reproduce, and we are gold - this swarmer cell is considered to e the daughter cell
 

Gliding Myxobacteria

· What are some key characteristics of gliding myxobacteria?
· They are "advanced" in that they behave like multi-cellular organisms: their behavior and development is complex, and there is a lot of intercellular communication
· And what's more, their chromosome is very large (multi-cellular organisms usually have larger ones)
· As their name would suggest, they exhibit gliding motility over surfaces
· Most often decaying wood or plant material, or dung pellets…they are NOT aquatic
· For food:
· They lyse other bacteria cells to get nutrients
· Or when nutrients are limited, they differentiate to form multicellular, pigmented fruiting bodies 
· The fruiting bodies are filled with myxospores (remember, spore formation is what we do when conditions for living are bad)
· Discuss the life cycle of the gliding myxobacteria.
· It is actually kind of cool, and it demonstrates how myxobacteria can communicate with each other
· At first they are all in their vegetative state, which is kind of like chilling out and living on their own
· But when nutrients get scarce, they start to aggregate together to form a mound of cells
· The cells in different parts of this mound differentiate based on where they are, and we get a fruiting body (so yes -- a fruiting body is composed of more than one cell)
· And inside this thing we produce myxospores which are released, germinated, etc.
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Introduction - Non-sporulating, low-GC, gram-positive

· Alright, again let's contextualize.
· So far we have talked about only gram-negative organisms, but for the rest of this module we will discuss gram-positive organisms
· Gram-positive organisms constitute a whole different phyla of bacteria - so WE ARE NOT TALKING ABOUT PROTEOBACTERIA ANYMORE
· This phyla is grouped together with another phyla called "actinobacteria" (which we will be discussing later)
· But for now, let's think about gram-positive organisms.  Within this branch there are more sub-divisions, the biggest of which is low-GC vs. high -GC
· We are going to start off by discussing bacteria which are not only gram-positive but also non-sporulating and having a low GC%
 

Staphylococcus and Micrococcus

· What are some key characteristics of staphylococcus and micrococcus?
· They are aerobic
· They are catalase positive (test positive on the catalase test)
· They are resistant to drying and high salt - which is why we use 7.5% NaCl media to select for these guys
· They are often pigmented, which helps us to identify them
· Now talk about differences/unique characteristics.
· Staphylococci commonly found on animals (including human skin)
· Micrococcus is actually a high GC organism
· They can also be differentiated by the oxidation-fermentation test, which looks at the conditions under which the organisms can make acid from glucose:
· Staphylococcus can do it aerobically AND anaerobically (it is a facultative aerobe)
· Whereas micrococcus can only do it aerobically (it is an obligate aerobe)
 

Sarcina

· What are some key characteristics of sarcina?
· They are obligate anaerobes
· They are acid tolerant - that's why we find them in our stomachs, sometimes...
· When the cells divide, they do so in 3 different directions (in 3 different planes) - and thus they make a cubical shape or cubical "packet"
 

Lactic Acid Bacteria

· What are some key characteristics of Lactic Acid Bacteria?
· Well firstly, let's consider the energy/food issues:
· Obviously, they produce lactic acid as a major fermentation product
· Homofermenters produce JUST lactic acid (2 ATP per glucose, because we have the enzyme aldolase that allows us to do glycolysis)
· Heterofermenters produce lactic acid AND ethanol and carbon dioxide (1 ATP/glucose, because we do not have aldolase and thus cannot do real glycolysis)
· Think!  If there's lots of lactic acid, then aerobic respiration probably isn't happening - and that's true: there is NO ETC, they only produce ATP through substrate level phosphorylation
· The official stance is that they are anaerobes - although note that they are aerotolerant
· More food stuff: they have complex nutritional requirements because they cannot make much for themselves (they are fastidious)
· Most of them can only catabolize sugars
· They have different shapes: both rods and cocci
· Involved in many processes that are of human interest:
· Streptococcus pyogenes (necrotizing fasciitis)
· Streptococcus pneumoniae (bacterial pneumonia)
· fermented food products (buttermilk)
· dental caries
· What are some specific examples of lactic acid bacteria which we discussed?
· Streptococcus: often pathogenic
· Lactococcus: streptococci of dairy significance
· Enterococcus: streptococci of primarily fecal origin
 

Introduction - Endospore-forming, low-GC, gram-positive

· Contextualize.  What type of organism are we now moving into?
· Now the organisms have many (but not all) of the same characteristics as before - they are low-GC and gram-positive, but now they form endospores (whereas the previous ones did not)
· Some properties of these guys: 
· Their natural environment is the soil
· They are usually not pathogenic
· These guys are also quite diverse:
· The endospore can be at the middle of the cell, ends of the cell, etc. ("central", "terminal", "subterminal")
· Also there are both acidophiles and alkaliphiles - crazy stuff
 

Bacillus

· What are some key characteristics of Bacillus?
· They can attack certain things:
· Some species produce crystal protein toxins that kill insect larvae (many are specific for a particular type of insect)
· Some species can infect humans and other animals (e.g. Bacillus anthracis - anthrax found in soil)
· They have certain functions:
· Can break down polymers (contrast with Pseudomonads, which cannot)
· Many produce antibiotics
· They are either facultative or obligate aerobes
· Discuss the BT-toxin.  Why do humans like this?
· OK, so it all starts with a particular species of bacillus called the B. thuringiensis
· It is a sporangium, which means it makes spores (but you knew that, didn't you?)
· During sporulation, it makes a crystalline protoxin (recall that "pro" means that it is not a toxin yet) that is called the parasporal body
· This guy resides outside the endospore but still in the sporangium
· When the bacteria gets into the insect's gut, it is converted into a toxin and it kills the insect!  Sweet!
· So this is why we like to try and get plants to have BT-toxin
 

Clostridium

· What are some key characteristics of Clostridium?
· Think about their energy metabolism first:
· They are strict anaerobes -- no electron transport system (different than bacillus!)
· But the substrates and products of their anaerobic fermentation is very diverse
· They also have certain functions:
· They make many industrially important products (butyrate, acetone, butanol, etc.)
· Some fix N2 (notice that since they are anaerobic, there is no oxygen that we must protect the nitrogenase from)
· Some produce toxins that cause human disease (i.e. Clostridium botulinum, which causes botulism, which is CLINICALLY used as botox since it causes paralysis)
· They are especially dangerous because they grow anaerobically, so it doesn't even matter if the food is in a can
 

Introduction - Cell wall-less, low-GC, gram-positive

· Contextualize.
· Alright…so we were just talking about low-GC, gram-positive, endospore forming bacteria
· The gram-positive thing holds true for this whole module, and the low-GC thing for most of it - so our next group still has these properties
· But now we are not talking about endospore forming bacteria anymore - we are talking about those which DO NOT have a cell wall (weird!)
 

Mycoplasma

· What are some key characteristics of mycoplasma?
· Well as stated earlier, they do not have a cell wall…and so there are some implications here:
· They are resistant to antibiotics that work by inhibiting cell wall synthesis
· They stain gram negative (think about why)
· They are pleomorphic, which means they do not have a shape (think about why)
· They have sterols (like cholesterol) which stabilize the cytoplasmic membrane to prevent osmotic lysis
· Also there are size and nutrition issues:
· They are very small cells, as small as 0.2 μm
· They have very small genomes
· They are fastidious
· They range from strict aerobes to obligate anaerobes
· Other cool facts:
· Colonies have "fried egg" appearance (Figure 12.63)
 

Introduction - high GC, gram-positive

· Contextualize.
· Alright, so now we are switching from low-GC to high-GC…but they are still gram-positive!
 

Mycobacterium

· What are the key characteristics of mycobacterium?
· These babies are set apart mostly because of what is in their cell wall - there are lipids called mycolic acids in there, and here are the implications:
· The mycolic acids interact with a dye called "fuchsin", and so when we dye mycobacteria we cannot get it out by washing with acid and alcohol
· The high lipid content (remember the mycolic acids are lipids) of the cell wall make it resistant to many chemicals
· The lipids also have carotenoid pigments, so these guys are interesting colors
· Many of these guys are human pathogens:
· M. leprae - leprosy
· Affects more than 10 million people world wide
· Humans and armadillos are the only hosts
· Understandably hard to kill (resistant to many antibiotics)
· M. tuberculosis - tuberculosis
 

Introduction - Actinobacteria

· Contextualize.
· Alright, let's think about where we've come from.  The domain bacteria is separated into many different phyla - the first one we discussed is proteobacteria (all gram-negative)
· Then we switched to another phyla that is made up of gram-positive bacteria and actinobacteria
· We have just finished talking about gram-positive bacteria, which itself is divided into lowGC and highGC
· Now we are going to talk about actinobacteria
 

Actinomycetes

· What are some key characteristics of actinomycetes?
· They have branching filaments coming out from them, and they form a network called a mycelium
· In this way they look similar to fungi, because some filamentous fungi form networks like this too
· They are nutritionally versatile - they can use a lot of different things for energy - this means too, that they have a large genome (notice how genome size is correlated positively with nutritional versatility)
· Their presence is what makes soil smell as it does
· What is one genus within the group of actinomycetes that we discussed?  What did we talk about here?
· We talked about streptomyces
· There are 2 important characteristics here:
· Streptomyces produce many important antibiotics - if we throw streptomyces onto a cell plate with other bacteria, we will see "clearing" or "zones of inhibiton" where the other bacteria does not grow due to the antibiotics produced
· Antibiotics include tetracycline
· Streptomyces (along with many other actinomycetes) produces spores called CONIDIA in a very special way (i.e. different than how spores are usually formed):
· They have aerial hyphae (i.e. stuff sticking out of the cell into the air) called sporophores
· The sporophore's tip curls and starts to partition
· And within the sporophore all these different spores start to form and mature, and then they are released
· Note that there are many different shapes for these sporophores
 

Introduction - Cyanobacteria

· Contextualize.
· This is now the 3rd phyla within the Bacteria domain that we are going to discuss.  It is called cyanobacteria...
 

Cyanobacteria 

· What are some key characteristics of cyanobacteria?
· They are oxygenic phototrophs - they make oxygen!  That's why they were the first organisms on earth and made living possible for future eukaryotic organisms!
· In order for them to do this photosynthesis they have chlorophyll A, which is the same type of chlorophyll found in chloroplasts
· They have gliding motility (i.e. flagella) -- so which other organism does this make them similar to?
· Morphologically diverse, ranging from unicellular to filamentous
· Some filaments contain differentiated cells called heterocysts distributed along the filament, which lack the O2-evolving photosystem II and in which N2 fixation takes place
· As we might imagine, heterocysts have thick cell wall that slows the diffusion of O2 into the cell.
 

Module 10: The Archaea
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Phylogenetic Overview of the Archaea

· Alright, where have we come from and where are we going?
· We came from a discussion of Bacteria, which is one of the 3 major domains of life…and now we are talking about another microbial domain - Archaea
· Archaea have 4 major sub-divisions, phylogenetically speaking: euryarchaeota, crenarchaeota, korarchaeota, and also nanoarchaeota
· We can also group them in terms of "extreme" characteristics: extreme halophiles, extreme acidophiles, and hyperthermophiles
· What are some other general characteristics of the archaea?
· When we first discovered archaea, we thought it was just another type of bacteria, but eventually we see that their characteristics differ so much that they warrant a whole new domain
· They are not known to cause ANY human diseases, and so we have not studied them as intensively as we have with Bacteria
· However, it is clear that they play important roles in the environment, and some of them do live in association with animals and other eukaryotic organisms
· It is difficult to cultivate them, so a lot of times we only know about archaea through genetic material isolated from environmental samples
 

Introduction - Euryarchaeota

· Contextualize.
· OK, remember we just stated that there are different phyla within the domain of Archaea
· We are now looking at organisms within the phylum, "Euryarchaeota"
 

Extremely Halophilic Archaea

· What are some characteristics of extreme halophiles?
· The one overriding characteristic is that they require a very high salt environment (at least 1.5 M NaCl)…and so there are some implications/reasons for this
· Firstly, we note that the sodium ion (which it gets from the environment) helps to stabilize the glycoproteins in its cell wall
· Secondly, there is a lot of potassium PUMPED INTO its cytoplasm to even things out osmotically - we don't want too much positive on the outside and not enough on the inside
· The other reason for this is that the cytoplasmic proteins require a lot of potassium so that they can be stable
· They "share" some characteristics with humans:
· They are chemoorganotrophs, although some aspects of their metabolism are quite different than ours
· They are obligate aerobes (we are too!)
· And then, two more properties.  What are some clues we see that tell us that they were very much intertwined with bacteria at first?
· Well, consider the most extensively studied halophilic archaeal organism - the halobacterium.  "Bacteria" is in the name because, again, we thought they were bacteria when we first saw them
· Also, some extreme halophilic archaea have a protein called bacteriorhodopsin, which is important because: under low O2 conditions, some can use light to generate ATP, using the protein bacteriorhodopsin and the carotenoid pigment retinal which work together to set up a proton gradient (more later)
· What are some extremely halophilic environments which we considered, and what organisms live there?
· Great Salt Lake, Utah: the halophilic algae Dunaliella salina make it green (note that it is 10x more concentrated than seawater here, salt-wise)
· Seawater evaporating ponds, San Francisco: halobacterium make it red and purple (due to their pigments, just discussed)
· Lake Hamara, Egypt: haloalkaliphiles make it dark red (note that the pH is 10 here)
· Explain how bacteriorhodopsin works.
· Alright, getting back to basics: we want to somehow generate a proton motive force so that we can force the protons through an ATP-ase and make ATP
· Normally, the archaea - remember now that they are obligate aerobes - use an ETC (or similar) to do this, and this is fine when there is plenty of oxygen
· But when they are in low-O2 environments, they have to do other things to survive
· So what they do is they synthesize a protein called bacteriorhodopsin and stick it in their membranes
· This protein, btw, is RED-PURPLE: so that's why the archaea will change color when you stick them in a low oxygen environment
· They also have a retinal protein associated with them (you may recall that the same situation exists with the rhodopsin of the eye)
· When that retinal absorbs light at a certain wavelength (570 nm), it will change from a TRANS TO CIS configuration and in so doing, move a proton from the inside of the cell to the outside
· Eventually this creates a proton motive force which creates ATP for us as it moves back in, down its gradient
 

Methane-Producing Archaea: Methanogens

· What was the Volta Experiment, and how is it relevant to these organisms?
· The Volta Experiment basically proved that certain organisms emit methane, and then further demonstrated that this gas is quite flammable
· He put an inverted funnel over a swamp, and over time the methanogens within this swamp released methane gas, and it all collected in this funnel
· Then he lit a flame near the tip of the funnel, and it all went up
· What are some key characteristics of methanogens?
· They are (obviously) the only organisms that can produce methane, and it should be noted that they are all archaeal
· However they are phylogenetically diverse: they occupy multiple branches on the main Euryarchaeota branch…some are even halophilic
· They are also morphologically diverse: they have various shapes
· They are obligate anaerobes
· They are usually mesophilic
· There are 3 main reactions which they use to make methane (generating energy for themselves in the process), and they each have a different main substrate:
· CO2 + 4 H2 -> CH4 + 2 H20 (CO2-type substrates i.e. CO2, CO, formate)
· CH3OH + H2 -> CH4+ H20 (methyl substrates)
· CH3COO- + H2O -> CH4 + HCO3- (acetotrophic substrates)
· Discuss the different habitats of methanogens.  What characteristics do they all share, and why does this not surprise us?
· All the habitats of the methanogens are anoxic
· Here they are:
· Anoxic sediments: marsh, swamp, lakes sediments, rice paddy fields, moist landfills
· Animal digestive tracts:
· (a) rumen of ruminant animals (e.g., cattle, sheep, elk, deer, camels) 
· (b) cecum of cecal animals (e.g., horses, rabbits)
· (c) large intestine of monogastric animals (e.g., humans, swine, dogs) 
· (d) hindgut of cellulolytic insects (e.g., termites) 
· Geothermal sources of H2and CO2: hydrothermal vents
· Artificial biodegradation facilities: sewage sludge digestors
· Endosymbionts of various anaerobic protozoa
· Let's talk about those rumens a bit more.  What is the deal here?
· Firstly, the deal is that the rumen is where animals break down cellulose, which is a large part of their diet (i.e. cows eat grass!) and can be used for energy
· 50% of the material in stems, leaves, and roots is cellulose - a glucose polymer
· Now the way they do this is - instead of using digestive enzymes, they have a microbial community within their rumen that just goes to town on the cellulose
· Ultimately the enzyme which the bacteria use is beta-glucanase
· A few notable products of cellulose digestion:
· H2 and CO2, which are then taken in by the methanogens to make methane (the cow has to burp to remove this, also known as eructation)
· Volatile fatty acids such as propionate and butyrate - the cow absorbs these through its small intestine and uses them for energy
· Also - this is not directly related to cellulose digestion, but a lot of the microbes in the rumen synthesize amino acids and vitamins and release them - and so the cow can use these guys too
 

Thermoplasmatales

· Contextualize phylogenetically.
· OK, we are STILL on the euryarchaeotal branch of the "archaea" domain.  The groupings in this module are a bit weird - the last two "groups" we have talked about are not strict phylogenetic groups, but rather they share characteristics - recall they are halophiles and methanogens
· But now we are going to talk about a specific branch, collectively known as thermoplasmatales
· Within this branch however, there are 3 genera: thermoplasma, ferroplasma, and picrophilus
· Discuss some key characteristics of each of these 3 genera of thermoplasmatales.
· Thermoplasma lacks cell walls, cytoplasmic membrane has unique shape/structure (does this remind you of mycoplasma?)
· It is thermophilic (opt 55ºC), acidophilic (opt pH 2), chemoorganotrophic, facultative, sulfur respiration
· Brock found these guys in coal refuse piles - because the coal spontaneously combusts and one of the products is sulfur, which (as we can see above) is used by the thermoplasma
· Ferroplasma – chemolithotrophic (think about the name…now why does this make sense?)
· often found in mine tailings 
· oxidizes Fe2+(ferrous) to Fe3+(ferric)
· It is mesophilic relative of Thermoplasma 
· i.e. it likes slightly cooler environments
· It's related also in the sense that it also doesn’t have cell walls
· Picrophilus can grow below pH 0, optimum pH 0.7, chemoorganotrophic, has a cell wall (of protein)
· These guys are so gangster that their CYTOPLASM is at a low pH - whereas normally acidophiles keep their cytoplasm at neutral pH and only their environment is low
· Briefly expound on the structure of the cell membrane in Thermoplasma.
· OK, let's remember what lipopolysaccharides IN ARCHAEA look like, and what they do: 
· They are components of the phospholipid bilayer (sometimes monolayer) - they have a glycerol backbone where two of the carbons are connected to hydrocarbon chains, and the third one connected to a hydrophilic group…and when the ends of those hydrocarbon chains also have hydrophilic groups, they form a monolayer
· Now the stuff in the cell membrane is called lipoglycan, and it has tetraether lipids with glucose and mannose units
· This means that firstly - the tetra-ether thing is because on either end of the hydrocarbon chains, there is an ether linkage connecting it to a hydrophilic group
· The 3rd group on the glycerol (i.e. NOT the 2 hydrocarbon chain groups) has glucose and mannose on it
· It is stable to hot acid conditions
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Introduction

· Alright.  Where did we come from, and where are we going?
· We have just been talking about different archaeal organisms: halophiles, methanogens, and finally the thermoplasmatales (the only real phylogenetic group)
· Now we are going to talk about a few different things:
· Hyperthermophilic euryarchaeota (so again grouping things by property): thermococcales, methanopyrus, and archaeoglobales (these are all organisms within the euryarchaeota)
· Then we'll talk about crenarchaeotes, which is a whole different phyla in the domain Archaea (i.e. we are DONE with euryarchaeotes) - many of these guys are hyperthermophilic as well
· Then we'll talk about sulfolobales
· Then we'll talk about nanoarchaeotes, which again are another phyla
 

Thermococcales

· What are some key characteristics of thermococcales?  Be sure to break them down phylogenetically.
· General characteristics:
· These guys are hyperthermophiles (optimum > 80ºC)
· They are typically anaerobic, which makes them hard to study
· They use S (sulfur) as a terminal electron receptor, reducing it to hydrogen sulfide, which SMELLS
· They are very motile because they have a lot of flagella
· There are 2 "genera" of organisms within this branch, and they can be distinguished by their upper temperature limits:
· Thermococcus grows from 70-95ºC
· Pyrococcus grows from 70-106ºC
· What contribution has the thermococcales made to molecular biology?
· We have used their DNA polymerase enzyme, "KOD", for polymerase chain reaction
· This is better than existing solutions because it is accurate (unlike Taq polymerase) and fast (unlike Pfu polymerase)
· Furthermore, what's cool is that we used this to sequence the thermococcales' OWN genome (called "KOD1" - don't get confused)
 

Methanopyrus

· What are some key characteristics of methanopyrus?
· Well, it is a rod-shaped methanogen (obviously)
· However, it is a HYPERTHERMOPHILIC methanogen, and this has some important implications since most other methanogens are mesophilic:
· We find them in deep sea “black smoker” hydrothermal vents and hot marine sediment areas, where they are the primary source of methane
· They have a unique membrane lipid (ether-linked) known in no other organism
· Their cytoplasm contains thermostabilizer (~1 M cyclic 2,3-diphosphoglycerate)
· They are one of most ancient (least derived) known hyperthermophilic Archaea
 

Archaeoglobales

· OK, so this is the last euryarchaeota which we will discuss.  What are the key characteristics?
· Like the methanopyrus, we find them in hot marine sediments near hydrothermal vents
· They are WEIRD: because they oxidize H2 or organic compounds in order to reduce sulfate to sulfide - most archaea do NOT reduce sulfate
· Irregular cocci, optimal growth ~80C
 

Crenarchaeota

· OK so now we are onto crenarchaeota, which is a whole new phylum.  What are some general characteristics of this group?
· Most of these guys metabolize sulfur in some way
· From there, we have two bodies of knowledge
· Crenarchaeota that have been cultured…
· These guys are hyperthermophiles mostly
· Obligate anaerobes
· And they are either chemoorganotrophs or chemolithotrophs (again why does this make sense?  Recall the point on sulfur)
· …and those which we only know due to the DNA sequence
· These guys are crazy because we find them in COLD places like the Antarctic
· Talk about oceanic trends of archaeal and bacterial organisms.  Why do we care about them here?
· Trends:
· We see that overall, microorganism count decreases as we get deeper
· However, in terms of PERCENTAGES - bacteria are much more dominant at the top, but as we get down we get more and more archaea - most of these are crenarchaeota (that's why we care about them here)
· Extrapolating from this data:
· 1.3 X 1028 archaeal cells and 3.1 X 1028 bacterial cells in the ocean - that means that they are the biggest source of biomass on this earth
· OK, so we have established that the crenarchaeota have pretty crazy diversity in their habitat.  Talk about this more.  How can we break this down?  Give examples from each category.
· Thermal areas (for the hyperthermophilic guys):
· Terrestrial: geothermal power plants, solftaras (means surface hot springs - think Yellowstone National Park, steam-heated soils, etc.
· Marine: underwater hot springs, hydrothermal vents (i.e. "black smokers"), etc.
· Non-thermal areas (for the non-hyperthermophilic guys):
· Antarctic waters, symbionts of marine sponges
· How does a "black smoker" vent work?
· Well it's because at certain parts of the sea floor, the earth is open and there is all this hot magma uderneath
· The seawater goes in, mixes with this, becomes hot, takes tons of minerals with it, then comes out spewing this hot black stuff
· What is one particular crenarchaeota which we talked about?  What are its key characteristics?  Be sure to explain how it is unique even amongst crenarchaeota.
· One particular crenarchaeota which we discussed was Sulfulobales
· Environment-related stuff:
· They are thermoacidophiles: temperature optimum 70-80°C, volcanic habitats, hot springs
· pH optimum 2-3
· often grow on sulfur crystals
· Energy/metabolism-related stuff:
· They are aerobic - this is different than most crenarchaeota, remember?
· They fix CO2 - meaning that it can change carbon dioxide to something it uses for energy
· They oxidize sulfur (S0) and H2S to sulfuric acid (H2SO4) - this lowers the pH of environment
· They will also oxidize Fe2+ → Fe3+
· What is another crenarchaeota which we discussed?  Discuss. How do we isolate?
· Another one which we looked at is marine crenarchaeota
· So they get their energy from ammonia and carbon from CO2 - sweet!
· This guy is a main contributor to CO2 fixation (much like sulfulobales)
· It also oxidizes ammonia (also related to fixation…well, nitrogen this time)
· We just have to introduce conditions that favor the way it gets energy and carbon
· So put a lot of ammonium chloride and bicarbonate
 

Nanoarchaeotes

· Contextualize.
· This is another phyla (just like euryarchaeote and crenarchaeote)
· What is a particular nanoarchaeote which we discussed?  Describe its key characteristics.
· Nanoarchaeum equitans isolated from submarine hydrothermal vent north of Iceland
· It is small:
· 0.4 µm diameter (1% volume of E. coli)
· Genome only 0.49 Mbp, smallest of any known cell
· It is a parasite:
· Only lives as a parasite on the surface of the crenarchaeote Igniococcus
· Interestingly, this guy has a periplasm-like space where the parasite lives - you may recall another parasitic Bacteria which inhabited a periplasmic space…but the interesting thing here is that most archaea do NOT have periplasmic spaces...
· Lacks metabolic genes, only has genes for replication, transcription, translation - that's why it needs to live with someone else
Module 11: Controlling Microbial Growth
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Introduction

· Why would we ever want to control microbial growth?
· Food industry - it can spoil food
· Industrial processes - we want to stop bacteria from "biofouling" oil pipelines, which means that they cover the insides the pipe and prevent oil from traveling through it as smoothly
· Health care - nosocomial infections, just plain cleanliness, etc.
· Drinking water distribution systems - we need to clean our water
· What are the 4 main strategies for preventing microbial growth?
· Heat sterilization, radiation, filtration, and chemical sterilization
 

Heat Sterilization

· So we know that heat can kill organisms because it will denature proteins, etc.  What are the 2 values which we use to describe how heat affects a given organism?
· Firstly we should note that just like growth of bacteria is exponential, so too is death by heat:
· Decimal reduction time: this is the time required for a 10-fold reduction in population density at a given temperature (does NOT depends on pop. size)
· Thermal death time: this is the time required to kill ALL the cells at a given temperature (obviously it depends on population size)
· Talk about how autoclaves work.  What are they?  Why do we need them?
· The autoclave is a sealed heating device that allows the entrance of steam under high pressure
· This pressure allows us to have moist heat (there isn't complete evaporation because we keep the pressure so high)
· We need autoclaves because sometimes we want to completely sterilize something - and we want to make sure we get both the vegetative cells and the endospores (recall that endospores are highly resistant to heat)
· The endospores have a decimal reduction time of 4-5 minutes
· The moist heat allows for penetration of the endospore more quickly, so it makes things go faster
· What would a graph showing temperature vs. time for the autoclave and some object being sterilized look like?
· We would see steam flowing (into the autoclave) until sufficient pressure built up, at which point the autoclave time begins and the temperature starts rising
· The temperature of the object will tail the autoclave temperature slightly, but eventually it will catch up to it and they will both even out around 121 oC - this is the sterilization time, and they remain like this for some while
· Then we stop the steam and the autoclave temperature drops, again with the sterilized object tailing behind it
· This period of temperature decrease is known as the "exhaust" time…
· How do we test whether an autoclave is working properly?
· We could use a piece of tape that has a chemical indicator which will change color once the correct conditions are met (121 oC, good pressure, etc.)
· Also there are testing kits which have spores that will survive and germinate if autoclave conditions are insufficient - so we throw them in the autoclave and turn it on and see if it gets hot in there for long enough that everything is cleaned
· Talk about pasteurization.
· This is a very common method of reducing the numbers of microorganisms in foods, especially milk
· The goal of pasteurization is not to sterilize, but rather to reduce the cell numbers so that the incidence of pathogenic microorganisms and/or the likelihood of spoilage is reduced
· So we reduce the microbial population but we DO NOT sterilize it
· Pasteurization involves raising the temperature for brief periods of time so that the microbial cell numbers are decreased while minimizing the adverse effects on the product. 
· For example, milk can be pasteurized by treatment at 71ºC for 15 seconds - this is the "HTST", or high temperature short time, method
· We usually accomplish this using a heat exchanger, which is when we pass milk through tubes that are in contact with a heat source
 

Radiation Sterilization

· Give an overview of the concept of radiation sterilization.
· So radiation is another thing that can kill organisms - it is great when objects are heat sensitive or would be destroyed by heat sterilization
· For example: spices, pharmaceuticals, tissue grafts, and medical equipment
· Microbes vary in their sensitivity to radiation: spores are sensitive while viruses are resistant
· Just like with bacterial cell growth and heat sterilization, there is a logarithmic/exponential relationship between radiation dose and survival
· We measure radiation "intensity" not by using minutes (as with heat), but rather "grays"
· Discuss one application of radiation sterilization.
· One application of radiation sterilization is laboratory biological containment cabinets, which have UV light that decontaminates the surface after it has been used
 

Filter Sterilization

· How does filter sterilization work?
· It's very simple - we use a filter with pores that are too small for organisms to fit through, so we can just pore our stuff through there and let all the liquid through but take all the organisms out
· 0.2 um pore size is usual for sterilization
· Note that viruses cannot be removed using this because they are so small
· Also note that we also use filters for non-sterilization applications, such as separating/distinguishing organisms based on their size
· What are the 3 kinds of filters?  Discuss each.
· Depth filter: it is a fibrous sheet or mat of randomly overlapping fibers of different substances (paper, glass, etc.)
· We would never ONLY use this: but we can use it as pre-filter to remove large suspended particles so that later when we use the finer filters, they don't get clogged
· This bad boy works by “trapping action”: it traps the stuff THROUGHOUT the fiber network that forms
· Conventional membrane filter: this is composed of polymeric compounds such as cellulose acetate or cellulose nitrate
· We can alter the pore diameter here by changing the conditions of polymerization 
· This guy has “sieve-like action”: it traps stuff ON TOP of the surface
· Nucleopore filter: here we use thin, polycarbonate films (~10 mm thick) with very small and size-controlled holes
· We form the pores by first using nuclear radiation to make small holes, then adding a chemical to enlarge them 
· Thus we can have consistent pore size by controlling how much chemical we use, how long, etc.
· This is useful for microscopy because the filtered material is in a single plane on surface
· Name some ways that we would use filters.
· Reusable - i.e. with vacuum filtreation
· Disposable - for needles, etc.
 

Chemical Growth Control

· What are the 3 types of actions of antimicrobial agents?
· Static: inhibits cell growth - viable cell count and total cell count both stay constant
· Cidal: kill cells - viable cell count decreases, total cell count stays constant
· Lytic: kill cells and lyse them - viable cell count decreases, total cell count decreases
· What is minimal inhibitory concentration, and how do we figure it out?
· Minimal inhibitory concentration is the smallest amount of antimicrobial agent we need in order to inhibit the growth of a test organism
· So what we do is line up a bunch of test tubes with the same amount of bacteria in them, then we put differing concentrations of the antimicrobial agent in there
· What is the agar diffusion method?
· It is an assay for antimicrobial activity - the point is that we put bacteria onto a plate then add "disks" of antibiotics
· We let stuff mix together and then we see where the bacteria has been killed - basically there is usually  a "zone of inhibition" circling each disk, and the size of this zone of inhibition depends on:
· Nature of antibiotic
· Diffusion coefficient
· Amount of antibiotic added
· What are antiseptics and disinfectants?  Distinguish between the two.
· Antiseptics: chemical agents used to kill or inhibit growth of microorganisms
· They are sufficiently non-toxic to be applied to living tissues
· e.g., 60-85% alcohol, triclosan, cationic detergents, 3% H2O2
· Disinfectants: chemicals that kill microorganisms and are used on inanimate objects
· There are 2 kinds: germicides and sterilants
· Germicides: decontamination of surfaces
· e.g., lab bench disinfectant, ozone, chlorine gas 
· Sterilants: disinfectants suitable for sterilization under appropriate conditions
· e.g., 60-85% alcohol, ethylene oxide, H202vapour
· Discuss some of these antiseptics/disinfectants and explain how they do their work.
· Alcohol - lipid solvent, protein denaturant
· Hydrogen peroxide (H2O2) – oxidizing agent
· Triclosan (a phenolic) – disrupts cell membrane
· Chlorine gas – oxidizing agent
· Ethylene oxide – alkylating agent 
