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Skill Builder #4: Photosynthesis
I. Background:
Photosynthesis in short, is the process that converts solar energy,  into energy that is stored in the chemical bonds of glucose; or the process by which green plants convert carbon dioxide and water powered by the sun into a chemical food known as glucose.
The process is divided into two stages (aka: pathways) known as the light dependent reaction, and the light independent reaction.
Light dependent reaction; during the LD reaction the sun’s energy is trapped; oxygen is released and both ATP (from the ATP-ADP cycle) and hydrogen-carrier molecule called NADPH+H+ are formed.  
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Light independent reaction (Calvin Cycle): during the LI reaction, ATP and NADPH+H+ reacts with carbon dioxide from the atmosphere to form glucose (C6H12O6) and water. 
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Chemical Formula for Photosynthesis: 
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12H2O + 6CO2 + Light Energy = C6H12O6 + 6O2 + 6H2O 

Textbook = (6H20 + 6CO2 + Light Energy = C6H12O6 + 6O2)
The location in the plant cell where photosynthesis takes place is in the chloroplast, around the structure known as the thylakoid. The chloroplast is a double membrane organelle which is designed to synthesize ATP. Within the inner membrane there are structures known as the thylakoids, which resemble a long tube which is folded many tines into many stacks known as grana. The hollow inside of the tube (lumen) serves as a reservoir for the photosynthetic pigment called chlorophyll, and hydrogen ions as they are split from water (H2O). 
It is inside the thylakoid membrane where light dependent reactions take place. Light energy from the sun travels down in waves of energy called photons. These photons are captured by a magnesium ion (Mg²+) found at one end of the chlorophyll molecule, and their energies are transferred by a chain reaction of energized electrons jumping from one molecule to another until this energy is ultimately used to make ATP from ADP.

Photo systems (PS): A photosystem is a cluster of several hundred chlorophyll molecules and associated acceptor molecules used to collect light energy or basically a large cluster of pigment molecules. In light dependent reactions there are two types of photosystems Photosystem I (PSI) composed of P700 chlorophyll molecules, and Photosystem II (PSII) composed of P680 chlorophyll molecules. The P700 and P680 designation are based on the wave lengths of light energy being gathered from the photons.

Energy Pathways and Electron Transportation: Sun light or light energy, strikes accessory pigments and chlorophyll, located in both, Photosystems I and II, along with a water splitting enzymes simultaneously. In PSI the photon energy passes through the P700 chlorophyll molecule and the ETC until ATP, and NADPH2+, are generated. In PSII photon energy is passed through the P680 chlorophyll molecule in the same fashion however its energized electrons replace the lost electrons of PSI. Electrons lost by PSII are then replaced by the splitting of a water molecule by way of a thylakoid membrane enzyme that is also energized by photons. As the water molecule (H2O) is split and an electron is knocked off and moves to PSII, basically creating a cyclic energy flow. Finally the end products of the light dependent reaction are ATP, NADPH2+, and O2.
During the Light independent reaction: The Calvin Cycle is the central biochemical pathway which takes place in the absence of light (the dark) and within the stroma of the chloroplast. Carbon Dioxide (CO2) from the atmosphere is absorbed and reacted (fixed) with RuBP (ribulose bisphosphate, aka: rubisco) to produce PGA. ATP and NADPH2+, products of the light dependent reaction, in a two-step process react with PGA, to produce Glucose (C6H12O6), water (H2O) and regenerate RuBP to continue the cycle.
Collectively the end products of photosynthesis are a combination of both products of the LD, and LI reactions: glucose, water, and oxygen.
II. Identification:

1. The Chloroplast
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2. The Structure of a Chlorophyll Molecule
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3.  Photosystems and the Flow of Energy

 SHAPE  \* MERGEFORMAT 



4. The light independent reaction


5. Light intensity vs. rate of photosynthesis graph

III. Assessment:


1.
Chlorophyll a along with accessory pigments make up a

a.
photosystem
c.
organelle.



b.
thylakoid.
d.
A photon of light energy.


2.
The photosystems and electron transport chains are located within the


a.
outer chloroplast membrane.
c.
thylakoid membrane.


b.
inner chloroplast membrane.
d.
stroma.



3.
Both photosystem I and photosystem II


a.
receive electrons from other
c.
donate protons to each other.



photosystems.



b.
donate electrons to a transport
d.
contain chlorophyll a molecules.



chain that generates NADPH.




4.
Water participates directly in the light reactions of photosynthesis by


a.
donating electrons to NADPH.
c.
accepting electrons from the 





electron transport chains.

b.
donating electrons to
d.
accepting electrons from ADP.



photosystem II.




5.
The energy that is used to establish the proton gradient across the thylakoid membrane comes from the


a.
synthesis of ATP.
c.
passage of electrons along the

 


electron transport chain of PSII.


b.
synthesis of NADPH.
d.
splitting of water.


6.
The Calvin cycle begins when CO2 combines with a five-carbon carbohydrate called


a.
RuBP.
b.
PGA.
c.
3-G3P.
d.
NADPH.



7.
For every three molecules of 
[image: image8.wmf]2

CO

 that enter the Calvin cycle, the cycle produces six molecules of


a.
RuBP.
b.
ATP.
c.
3C-PGA.
d.
NADPH.



8.
Organic compounds that can be made from the products of the Calvin cycle include


a.
only carbohydrates.
c.
only lipids.


b.
only amino acids.
d.
carbohydrates, amino acids, and



lipids.




9.
Products of the light dependent reaction include

                 a. water.
b. RuBP

c. NADPH2+ and ATP
d. PGA


10.
CRITICAL THINKING: One could infer based on information presented above, that as light intensity increases, the rate of photosynthesis


a.
continues to
c.
initially decreases and then levels  
     decrease.

off.


b.
continues to
d.
initially increases and then levels   
     


increase.



off.
Products
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