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Dr. Nedwidek
SLS43QM
Photosynthesis Notes
Stuyvesant HS

11/18/2013: mid week


Aim: How do plants get energy via photosynthesis?

Overview: Lucky HW 13 due Friday the 22nd. UNIT EXAM 11/26/13.
In chloroplasts, the photosystems contain a reaction center (chlorophyll and light break apart water) in which different electron transport proteins that receive photons can allow the gradual release of electron energy from carriers.  Photosynthetic bacteria also have reaction centers.  This bolsters the endosymbiont hypothesis for the formation of chloroplasts.  Conversely, the fact that bacteria perform aerobic cellular resp bolsters this hypothesis for the formation of mitochondria.

In mitochondria, electrons are driven “down” an electron transport chain as food energy is released.  The energy falls down, exergonically.  This is cellular respiration.

In chloroplasts, electrons are forced “up” an electron transport chain, powered directly by light energy.  The energy is pushed up, endergonically.  This is photosynthesis.  

CR and PS have in common that they employ transport, electron carriers, and ATP synthesis.  

ATP synthase, also known as ATPase, has a proton pumping (F0 moves protons both directions) and an ATP releasing (F1) activity.  It is embedded in the mitochondrial inner membrane.  In the mitochondrion, water forms and ATP forms in the matrix.  In the chloroplast, water is split and the electrons are used to release ATP in the stroma by a similar mechanism to power sugar synthesis.

Chemiosmosis is ubiquitous to both processes.  Electrons power the push of protons against a gradient: Active transport.  When protons fall back through the mitochondrial membrane, ATP is released.  There are two phases involved: (1) movement of protons against a gradient; (2) the fall of protons through the internal ATP synthase pinwheel releases energy.   

So what are the photosystems and how do they retain the energy in photons?  The key is splitting water in the chloroplast.  The entire photosynthetic process gets energy to the autotrophic plant.  A deciduous leaf (sheds near fall/winter) is described on aud 471.  

Plants: Anatomy and Response to the Visible Spectrum

Leaves contain chloroplast-laden cells in the mesophyll.  Chloroplasts contain pigments that respond to/are excited by light.  Parts of the chloroplast: grana (stacked thylakoid structure—harvests energy in light-dependent manner): stroma (site of light-independent reactions—makes sugar) and thylakoids (site of light-dependent reactions).  Draw a chloroplast below:

A number of pigment proteins promote the process of light harvesting: the main pigments are chlorophylls and auxiliaries such as carotenoids; we’ll see those after Thanksgiving in the lab.  In the fall, when chlorophylls degrade, we are left with mostly carotenoids right before the trees shed their leaves (abscission).

The goal of a leaf is maximum visible spectrum energy harvest.  Remember that pigments are expressed by genes, and when it is cold outside, the plant cell is stimulated to downregulate chlorophyll production. This and the cold and low light is why the leaves change color or brown and fall off.

Process components: 

(Light-Dependent reactions: “Light” reactions

Thylakoids of the chloroplast trap light and use it to excite pigments that aid in splitting water.  This makes ATP and NADPH directly.   We start with water, consume and split it, and diatomic oxygen is released to the environment.  

(Light-Independent reactions: “Dark” reactions: require the energy from light reactions

Used to convert ATP, NADPH to glucose sugar by fixing carbon dioxide in a process called the Calvin cycle that is the functional reverse of glycolysis (an oxidative process that breaks down sugars in the cytoplasm anaerobically)

The thylakoid and the stroma are distinct sites within the chloroplast where light-dependent and light-independent reactions, respectively, take place.

Physics (woops, wrong class!):

Absorbance: Energy that is taken in by object and processed.

Reflection: What you see.  Energy that bounces off object and is not taken in.

Light dependent reactions harvest photons from the visible spectrum (what you see).  Sunlight (visible spectrum) consists of:

Infrared (IR) or long wavelength heat/light, 

visible light (ROYGBIV),

and Ultraviolet (UV) or short wavelength/harmful light

Reduction in wavelength correlates with an increase in the number of waves produced for a given distance.

( = wavelength in nanometers (nm)

green ( reflects or emits at 500-550 nm (nanometers)

red ( reflects or emits at 725-750 nm

blue ( reflects or emits at 450-475 nm

A = absorb

R = reflect
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Page refs for pigments: Kraus 93, towle 113  Anthocyanins are also indicators…where have you seen an example in the lab?

Leaves:

1) Absorb light energy from most of the visible spectrum because of the range of pigments they have.

2) These pigments retain photons from all available light.

3) This energy is used by the photosystem reaction centers to split water.

4) The net consumption of water has the primary purpose of supplying electron energy.

5) More properly…it has the purpose of converting photons to electrons and protons.

6) The cell converts these electrons and protons to ATP and sugar, ultimately.

7) The plant is elegantly evolved to convert light to chemical power that the cells can use.

Architecture of plants: Copy below a basic diagram of the root and shoot system of a typical flowering plant in the presence of bright, shiny, happy sunlight.

Grand context for plants:

-Plants evolved from organized algae (division of protista).

-Plants provide or produce energy for all terrestrial life on earth.

-Algae and certain plants are the energy producers for aquatic life.

-Plants that flower assume two forms: monocots (like corn and tulips) and dicots (like cherry trees, maple trees, and roses).

-Roots transport water and minerals.  Shoots generate and transport energy.

-Plants make sugar, but the facts that in this process, they fix CO2, removing it from the atmosphere) and release O2 as a byproduct, adding it to the atmosphere, are beneficial outcomes for us.  

-CO2 promotes global warming in the stratosphere.  Its removal reduces earth’s temperature.  A reduction in earth’s temperature stabilizes ecosystems and weather.  

-O2 accidentally provides the optimum environment for efficient cell respiration in all land and water bound life.

-CO2 consumption and O2 production are direct measures of the rate of photosynthesis.  

The Mechanical Elements of Photosynthesis:

The Role of Photosystems in electron Transport: Light Dependent Phase

Be aware that these reaction centers have cyclic behavior for energy movement that is specific to photosynthesis:

PSII: discovered second, but acts first:

-absorbs first photons

-electrons from water power the system

-electron carriers accept the energy

-splitting of water (H2O(H+, O2, e-) via  a mechanism opposite to cell resp

-electrons move from one electron transport protein to the next

-electron flow drives or creates a proton gradient against “desire”

-location of H+ buildup is the thylakoid

-the process of H+ flow (chemiosmosis) traps energy: when H+ are pumped actively from the stroma to the thylakoid, their passive release to the stroma yields ATP via the ATP synthase.

PSI: discovered first but acts second/simultaneous; energy restoration phase:

Sub-reaction I: Light reactions make NADPH (reduced Nicotinamide Adenine Dinucleotide Phosphate):

a)-operates also by receiving photon energy

b)-photon electron energy is “kicked up” to PSII

c)-PSII puts electrons back into PSI

d)-the flow of energy to PSI fuels the reaction:

NADP + H+ ( NADPH in the stroma

Sub-reaction II: Light reactions make ATP:

a)-electrons lost from PSII are replaced by the e- obtained from water split

b)-water is then lost in the light-dependent phase.

H2O( ½ O2 + 2 H+  + 2 e-


~or~


2H2O( O2 + 4H+ + 4 e-

(electrons and proton motive force drive ATP synthesis in the stroma)

General Ideas:

-CO2 consumption and O2 production are direct measures of photosynthesis rate. We will demonstrate this for CO2 in class.

-photosynthesis, which is relatively endergonic (less energy released, (G = -4.8 kcal/mole) is more of an uphill battle than cell respiration at a relatively exergonic end state (more energy released, (G = -7.3 kcal/mole)

-electron transport proteins in photosynthesis exist at a higher energy level than do those in cell respiration.

-I’ve said this like a billion times (*maybe ten or fifteen times*), but both processes—CR and PS—depend on chemiosmosis.

-Mitchell discovered chemiosmosis with reconstituted membranes from cellular organelles (mainly mitochondria)

-In photosynthesis, protons are liberated by the splitting of water.  NADP is the proton “sink”.   This allows energy transfer to and from the NADPH intermediate state.

-In cellular resp, O2 is both an electron sink and a proton sink, and the ATP is the final energy endpoint; O2 catches the loose protons and food electrons that were added to NAD/FAD carriers.  Chemiosmosis has a different setup than in plants, but with a similar outcome in terms of the energy yield of the process.

The Dark Reactions: Light Independent Phase: C3 or normal plants:

-ATP and NADPH are carried to the light-independent phase: CO2 + ATP ( C6H12O6 in stroma.

-phosphoglyceraldehyde (PGAL), a 3-C sugar, is made from three turns of Calvin (one CO2 gets added per turn): note that 2 PGALS are needed to make glucose, a 6-C sugar: 2((3C) = 6C;

PGAL = G3P (note that this is a component in glycolysis).

-note that light is not needed as long as ATP and NADPH are supplied.

C3 cycle involves the capture of CO2 in 3 stages; ref Towle 117-120.

I. Carbon Fixation
II. G3P synthesis
III. RuBP regeneration

Definition of terms:

RuBP: Ribulose Bisphosphate: 5-carbon sugar that is integral to glucose synthesis on a scaffold structure.

G3P or PGAL: Glyceraldehyde 3 Phosphate or Phosphoglyceraldehyde: NADPH and ATP provide direct energy to convert PGA to PGAL (G3P).  This is a 3-carbon minisugar with phosphate at position 3.  In photosynthesis, 2 (G3P)( 1 glucose.  In cell respiration (overall for glycolysis), 1 glucose ( 2 (G3P) ( 2 pyruvate

Three phases of the Calvin Cycle:

I: C fixation: CO2 filters in at turns of the cycle—powered by ATP and NADPH.  CO2 diffuses/goes into the stroma.  Then, the 1-carbon CO2 tacks on to 5-carbon RuBP, spitting off PGAL at stages.  This also regenerates ADP, NADP.

II: Carrying 6 RuBP + 6CO2 through one turn of the cycle simultaneously, 18C in the form of 6G3P (3C x 6 = 18 C) are formed.  Two of these (3-C) sugars come off to form actual glucose (6C).  The remaining four reassemble to form RuBP.

III: Overall, 10 molecules of G3P (3C) regenerates 6 molecules of RuBP (5C).  These scaffold the synthesis of glucose in Calvin.  As G3P (( PGAL, this molecule is a part of glycolysis, and can be used to make pyruvate.

Other ways of storing the energy:

-C3 is the major way that most plants get energy and it is connected to the way Calvin is run with 3-carbon intermediates, as described above.  These plants live in temperate climates and have stomata (holes under the leaf surface let in and out CO2, H2O, and O2) that are open during the day to allow transpiration and close at night to prevent excessive gas exchange when the light reactions are not running.

-“C4” is done by corn, sugar cane and crabgrass.  It involves a high sugar production, and fixation of CO2 into 4C compounds.  “CAM” is known as crassulacean acid metabolism.  CAM plants exist in hot, dry climates: Their stomata or air holes open at night and close in the daytime.  Examples are cactuses and pineapple.

Reminding you of net gains and losses:

Overall, H2O, CO2 goes in/is consumed (light( C6H12O6, O2 are put out/yielded.

-The amount of O2 coming off is directly related to the rate of photosynthesis.  Aerobic cell respiration is the inverse process.  In this case, CO2 emitted is related to the rate of cellular respiration.  And for plants, CO2 absorbed is related to the rate of photosynthesis.

Can you think of ways to quantitate CO2 input and output rates for an autotroph versus a heterotroph in a closed system?  Notate some quantitative ideas for how you’d do it here:
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