Plants Midterm Review

High Light Photosynthesis
· Under high light conditions, the limit is not the light coming in, but rather the limitation is what is occurring on the “right side” of photosynthesis with the ferredoxin. Ferredoxin cannot physically keep up with production of NADPH, the NADP is being converted but at this point in time, just not enough NADP to be converted into NADPH.
· It is NOT the light coming in that is limiting factor	
Rubisco-Ribulose- 1,5-biphosphate
· Just know this as “rubisco”
· Sugar and useful fuel is made if rubisco uses CO2
Strategies for sensing and responding to excess light by photosynthetic organisms
· When excess light is present, sensing mechanisms will notice this, through photoreceptors, changes in lumen pH, changes in redox states, and accumulation of metabolites
· Plants will then acclimate to the condition (high light stress) and it will respond by making chloroplasts move out of the way, changes in gene expression, and other factors to avoid this stress
Non-photochemical quenching
· Technique employed by plants in reaction to high light stress
· Chlorophyll will Florescence and lose some of this excess energy
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LECTURE 4
Non-photochemical quenching
· What plant can do with excess energy
· Some energy is dissipated by heat
· Some will be diverted into chlorophyll fluorescence 
· Vast majority will be used in photochemistry
· Chlorophyll when it gets excited by light has a number of methods to deal with that “excitement” 
· “excited chlorophyll” wants to pass long or lose its energy
· Left side of diagram, excited chlorophyll loses some of its energy, passes energy onto oxygen
· On right side of diagram, it can either lose energy by fluorescence which is the emission of light by a certain wave length, or it can conduct energy away as heat, or MOST of the time it will be used as photochemistry and pass on its energy or electrons to do work in the plant

High-Light Photosynthesis
· If electrons leak out of the chain, they will react with oxygen, if they leak out and react with O2, they make superoxide, on its own it can damage cells such as DNA, proteins, lipids, RNA
· Plant has a series of defense mechanisms (enzymes) that quickly convert superoxide into something less harmful
· On bottom diagram: superoxide can be converted into hydrogen peroxide (H2O2) by enzyme superoxide dismutase or (SOD) H2O2 can then be converted into less harmful compounds
· Alternatively the electrons can be used in photorespiration, this is used to break down or use electrons for other things
· Overall excess energy is bad because it will cause a lowered pH in the thylakoid lumen
· And 2, excess electrons will leak out and react with things that they shouldn’t which causes difficulties










Lecture 5
Photoreceptors in Plants
· Phototropin- mediates phototropism
· Positive photrophism: movment of plant parts toward a light source (often seen in stems and leaves)
· Negative phototropism: movement away from light sources (seen in roots)
Phototrophism: how plants bend
· Plant hormone Auxin
· When shoot directly under light, auxin produced in the growing tip spreads evenly
· If light is from one side only, auxin collects on the shady side causing the cells on that side to elongate, and the lopsided elongation produces a bend in the plant stem
Water Stress
· Plants are 90% water
· Lack of water leads to drought

Close Stomata
· Can selectively close stomata to reduce water loss
· Amount of stomata and timing of opening and closing can be controlled
Reducing Evaporation
· Plants try to reduce water loss in drought scenarios
· Plants can grow trichomes (hairs) 
· If you had no hairs, then when the stomata opens, wind could freely take water from plant
· When the plant has hairs, the wind has to sort of wiggle through them and cannot take as much water, therefore increasing surface hairs reduces water loss
· Plants can also alter leaves,  the size and structure of leaf can be changed 
· The cactus has modified leaves, they are very thin and small therefore reducing transpiration, and lower surface area
Waxy cuticle
· Biochemistry of plants 
· Layers in plant leafs are hard for water to pass
· Wax and cutin are hydrophobic compounds
· This is to avoid water loss
Store Water in Vacuoles
· Plants can store water in vacuoles
· In drought conditions, plants can take water from the vacuole
[bookmark: _GoBack]Finding other sources of Water
· The mesquite tree root system is highly complex to acess freshwater sources in ground
· Some plants have lots of trichomes which capture water moisture, dew drops land on the hairs
· Plant tries to funnel the water droplets either to its root system or to the ground below

Salinity
· 20% of world cultivated land is  affected by salinity
· Salt stress can have two effects on plants
· First is Osmotic stress, which has to do with water and where it is in the plant, activated phosphosylated kinase, MAPK tell plant to  grab osmolytes from the environment, the osmolytes allow plant to find an osmotic homeostasis
· 2nd thing is a signalling cascade called SOS, in which the plant turns on ion transporters which try to regulate this stress by moving ions in an attempt to find a balance
· While the plant is experiencing salt stress, it can also experience cold drought, this is because these salt stresses often lead to secondary stresses
· Secondary stress sets off signalling cascades, causing the plant to make proteins, which try to detoxify these damages, all of these 3 effects are caused from the methods in which plants allocate their resources, and how it controls cell divison and repair
Salt Tolerance
· Some plants are more salt tolerant than others
Strategy 1: Detoxification
· The high salinity serves as a stressor
· This results in the production of Toxic Reactive Oxygen species, plant in a defense mechanism will attempt to detox the reactive oxygen species and convert the ROS into something less harmful
Enzymes that are Involved in Oxidative Protection
· Glutathione peroxidase
· Superoxide dismutase
· Ascorbate peroxidsase
· Glutathione reductases
Antioxidant Enzymes
· Antioxidant enzymes serve to convert the reactive oxygen species into something less harmful
· Due to the fact that O2- is looking to react with something, it causes damages to DNA, RNA, proteins and this results in cell damage by oxidizes these things
· SOD is used to convert into H2O2, and this is less toxic
· Furthermore this H2O2 can be broken into water and oxygen and these are not particularly harmful
Increase Osmolytes
· Mannitol 
· Fructans
· Trehalose
· Proline
· Glycinebetaine
· This is another way to serve as detox 
· Plants make up a large number of osmolytes
· Synthesized by plant
· These can be used to balance things out
Osmolytes
· When plants are moved into higher salt environment, the tendency for water molecules is to flow from the cell to the outside, the plant is able to recognize this dangerous fact and either biosynthesizes its own osmolytes or uptakes them from the envioronment
· This osmolytes works to balance out osmotic charges and therefore the water will stay within the plant cell and possibly recapture lost water
· Therefore salt concenttations has not changed at all, but the new compounds has played with osmolarity and caused the water to come back in
Strategy #2: Re-establish Homeostasis
· 1. Reduce salt uptake
· 2. Sequester salt in a safe place
· 3. Actively transport salt out of the cell

Casparian Strip
· Located in the epidermis layer of the plant
· Salts cannot sneak pass this layer, even if its uptake by roots
· The strip will prevent salt from getting into the xylem and phloem which would allow to get into the vascular tissues allowing it to be moved around
· The strip is a good salt barrier
· Recap: a good way to inhibit salts from getting into vascular tissues
Cell Wall Modifications
· Plant can thicken its cell wall to avoid salts from getting in

Actively Transport Salt out of Cell
· 3rd strategy for removal of salt
· When lots of salt is coming in, play can transport it out
· Leaves have white crystalline structures on surface
· Eventually fall off
Strategy #3: Regulate Growth
· Detox, salt excretion, and regulating growth is the third strategy
· Decrease the overall metabolism
· As salt increases it will cause major reduction in the plant
· Regulating growth is a method of salt tolerance
Road Salt
· Non natural sources of salt
Mangroves
· Various types of shrubs and trees that grow in coastal habitats in the sub-tropics and tropics
· Mangroves have adapted to deal with the high salinity, anoxia
· Anoxia is lower oxygen levels
· Mangroves serve to reduce toxins in ecosystem
· Refuage for many juveniles 
·  Important for fish and ecosystem
· There is a hydrophobic end on mangrove
· Problem mangroves face is high salinity, they have to get rid of the excess salt
· Some mangroves fill old leaves with salt and get rid of those leaves
· Pneumatephors are specialized structures in the water in acreas of low tides that can get access to oxygen, they are specialized root structures
Macronutrients
· Plants require macronutrients in high amounts
· Primary macronutrients
· Nitrogen (N)
· Phosphorus (P)
· Potassium (K)
· Secondary macronutrients
· Calcium
· Magnesium
· Sulfur
· Micronutrients
· Iron, Copper, Mangenese, Zinc, Boron, Mollybedum, chlorine
Lecture 8
How do plants access nutrients
· Vast majority acess through soil
· Some plants have to get nutrients from prey (fly trap)
· Parasitic cuscuta steal nutrients
· Partnership of plants, plants trading fungus for nutrients for carbon and sugar, often form symbiotic relationship
Plant Compounds Containing Nitrogen
· Chlorophyll contains N
Nitrate Uptake
· Highlighted compartmetns are the vacuole and the chloroplast
· Nitrogen from the environment carries a negative charge therefore to import it into the cell, we have to counterbalance that charge
· 2 protons are brought in per N molecule
· When plant has lots of nitrate it can be stored in the vacuole, plant can export it or  3rd option is that nitrate can be used by plant to make new compounds
· When the plant wants to use nitrate for something in the plant, NO3- nitrite reductase, converts to nitrite, converted to ammonium by nitrite reductase, and ammonium is perfect for plants because it can be used for many things
Ammonium uptake
· Ammonium is be uptaken itself
· Does not need to be converted by any enzymes
· Plant can form a symbiotic relationship with bacteria which can fix N gas
· The legumes are best studied
· Nodule is the “home” for the bacteria
Unlocking the Root Hair Door
· Signals must be sent first
· Bacteria has to move close to the plant
· Once its close it must recognozie and detect
· Nod factors are recognized by the plant that the bacteria is NOT pathogenic
· Root curling happens, ion fluxes changes the physiology of the root
· Bacteria are in and form an infection thread
Bacteria and Nitrogensase
· Bacteria have an enzyme called nitrogenase which allows them to take N2 in the air and put energy into a reaction and get ammonia
· Ammonia can then be used by the plant
· Nitrogenase is very costly at 16ATP 
· This enzyme HATES oxygen
· Works in the nodules with the plant to try and avoid oxygen
Phosphorus
· Macronutrient
· Lots of phosphorus in the system, only problem is that it is not readily accessible
Plant Root Responses to Low-P Available
· Changing of root architechture
· Release of organic acids and protons to solubibize inorganic P
· Formation of mycorrhizal associations
· Release of phosphatases to break organic C-P bonds
Proteoid Roots
· When plant is starved for P
· Roots appear more hairy
· This is so increase surface area to look in soil for P
Mycorrhizae
· Fungus associates with plant root outside
· Ecto- means outside
· Endo- means inside
· 95% of all plants will form myorrhizae
