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Lesson 5

1. A bumper sticker says:  "Have you thanked a green plant today?"  Interpret this sticker in terms of your understanding of photosynthesis.

The first question that comes to mind is which came first the chicken or the egg?  Well, you have to start somewhere so I'll begin with the life forces on this earth that breathe.  We and other life forces that breathe take in Oxygen (O2) and exhale Carbon dioxide (CO2).  At some time or another we would run out of O2 and just have CO2 left.  This is where plants come in.  Plants are able to take the CO2 that we exhale, add that together with water H2O and a bit of sunlight and guess what happens the plant exhales, in a matter of speaking, O2.  Plants use a process called photosynthesis to convert water, CO2 and sunlight into energy for itself.  All parts of the plant that are green have chloroplasts and can carry out photosynthesis.  The leaves carry out the majority of photosynthesis.  CO2 enters the leaf and O2 exits through tiny pores called stomata.  Once the CO2 enters the leaf it enters a mesophyll cell, the green tissue in the interior.  Inside the mesophyll is Chloroplast and inside it are many thylakoids and stroma.  Stroma is a thick fluid which is where sugars are made from CO2.    Thylakoids which contains the third chloroplast compartment  filled with stacks call grana.  The thylakoid membranes also house much of the molecular machinery that converts light energy to checmical energy. 

Generally, the equation for a plant is 6CO2 + 12H2O and some portion of light = Glucose (C6H1206) + 6H2O.  The six CO2 are used to make glucose where as the 12H2O is used to make 6O2.  So it takes twice as much water as CO2 to produce O2 and the plant provides half as much O2 from water that it takes in. 

The first stage of photosynthesis is called the light reactions, during this process light energy is converted into chemical energy and produces O2.   The second stage is called the Calvin cycle where a cyclic series of reactions that assemble sugar molecules using CO2 and the energy-containing products of the light reactions.  Light energy is used to make ATP from ADP and phosphate.  The Calvin cycle occurs in the stroma of the chloroplast, which incorporates carbon from CO2 into organic compounds through carbon fixation.  After carbon fixation, enzymes of the cycle make sugars by further reducing the fixed carbon.

The objective of photosynthesis is to produce the O2 for us to breathe and glucose for the plant to survive.  Plants not only feed themselves, they are also the ultimate source of food for virtually all other organisms.  

2. A friend of yours is wearing a bright red shirt.  In terms of properties of light and pigments, explain why the shirt appears red to you.

3. Light is nothing more than electromagnetic energy pulsating at different wavelengths.  The majority of wavelengths are at a frequency that is not visible to the human eye nor are they audible to the human ear.  At the upper end of the electromagnetic frequency band are the Gamma rays and at the lower end of electromagnetic frequencies are the radio waves, think of your FM radio station or maybe a cell phone.  Within a small sliver of the full spectrum is a group of frequencies that are visible to the human eye.   These frequencies are between 380 nanometers and 750 nanometers.  The color of red shows up around the 700 to 750 nanometers.  Basically the pigments in the shirt are reflecting the specific frequency for bright red while absorbing all of the other light frequencies, maybe 380 nm through 749 nm.   

4. Using Figure 7.10B(118), explain why ribulose biphosphate is one of the most common organic molecules in living things.  Hint:  There are more photosynthetic organisms than heterotrophic organisms.  

5. Plants need some form of energy to survive, to generate this energy they perform a process called photosynthesis.  A plant will actually produce more glucose than it needs and stores it; some animals feed directly off the glucose for their energy.  Although, to us humans this is nice and pretty and such but, we need plants to perform photosynthesis for another reason.  Plants take in CO2 , which we exhale when we breathe, along with water and sunlight to perform photosynthesis.  One of the processes needed to complete photosynthesis is called the Calvin Cycle.  The Calvin Cycle takes ribulose biphosphate (RuBP) along with an enzyme called rubisco, compounds that are needed to mixed with CO2, ATP, and NADPH, to generate glyceraldehyde 3-phosphate (G3P).  G3P is used for glucose and other compounds.  The Calvin Cylce will use rubisco to combine 3 CO2 molecules, one at a time, to three RuBP molecules to produce 6 molecules of 3-phosphoglyceric acid (3-PGA).  The Calvin Cycle continues and takes these 6 molecules of 3-PGA to perform two chemical reactions consuming energy from six molecules of ATP then it oxidizes six molecules of NADPH to produce 6 molecules of G3P.  After 3 complete cycles of the Calvin Cycle, remember the three molecules of CO2,  only 1 molecule of G3P is available as a net of the process.  Five molecules of G3P remain within the Calvin Cycle and a series of chemical reactions with three ATP molecules rearrange the atoms of these five molecules of G3P to form three molecules of RuBP.  RuBP as you can see keeps coming around the Calvin Cycle to combine with CO2  along with other compounds to generate glucose so plants can perform more photosynthesis.   

4.  Fill in this chart comparing chemiosmosis in cell respiration and photosynthesis.  Use the figures on page 100 and 118.  


Cell Respiration
Photosynthesis





Specific membrane for electron transport
5. Inner mitochondrial membrane
6. Thylakoid membrane

Initial energy input
7. Glucose C6H12O6 and 6O2
8. Sunlight mainly the green wavelengths and blue-violet and red wavelengths

Final electron acceptor
9. 02
10. NADP+

Role of water
11. Byproduct of the chemiosmosis process
12. Water is used as an input, 

Role of oxygen
13. O2 is an input to cellular respiration and is used to pull electrons down the electron transport chain
14. Byproduct 

Electron carriers
15. NAD+
16. NADPH

6.  Enclose a photocopy (not the original) of a recent (last two years) article on the roles of either CO2 or forests in the greenhouse effect.  In several sentences, elate it to what you learned in this lesson.
40 Years in the Wilderness (10 May 03)
Well, not quite 40 years, more like 35 years. That's according to a scientific study by the Weizmann Institute (Israel), who studied the fate of the Yatir Forest, planted 35 years ago in - of all places - the Negev Desert of southern Israel.
With `global warming' in the air, the forest should have shrivelled up with rampaging heat and desertification.
The reality is quite the opposite. CO2 in the air has had an effect, but not the climatic one expected. Instead, the CO2 has fertilised the forest making it expand at an `unexpected rate', reclaiming land from the desert in the process.
The effect of CO2 on plants does not stop merely with the fertilisation effect. In addition, there is the `water conservation' effect of CO2, where plants can get all the CO2 they need with smaller pores, thus evaporating much less water than before.
This happens to all plant life and means that CO2 enhancement of the air is not only giving a growth advantage to plants, it is also resulting in the reclaiming of arid lands by natural vegetation.
This phenomenon is already very evident in the arid lands of the American west. 
This article found on http://www.john-daly.com/press/press-03a.htm states the obvious, plants need CO2 to live.  With higher CO2 levels plants do not have to work as hard to find it.  More plentiful CO2 means smaller plants with smaller pores can perform photosynthesis.   According to the article plants are thriving on the one thing that will ultimately hurt us and rightly so.  As the population continues to grow on this earth we need more plants doing its job producing more oxygen and it looks like that is working out well.

6.  


C3 Plants
C4 Plants
CAM Plants

Plant Example
Soybeans, oats
Corn, sugarcane
Pineapples

Reduces H2O loss by
Closing stomata on hot dry day
Closing stomata most of the time
Opening stomata only at night

Type of Modification Needed
Three-carbon compound 3-PGA
Four-carbon compound
Four-carbon compound at night

Sketch of each
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7. Fill in the blanks.

Light Dependent Reaction

This occurs where in the chloroplast?  (A) thylakoid membranes.

Input: (B) ADP, and (C) NADP+  plus  (D) solar energy. What about H2O
Output:  (E) ATP , and (F) NADPH go to the light independent reaction and (G) O2 is released.

PSII reaction center:  (H) P680.

PSII generates (I) 1/2 O2  and  (J) .  H2O provides (K) two electrons and (L) two hydrogen ions.

PSI reaction center: (M) P700.

The major photosynthetic pigment is (N) chlorophyll a.

Light Independent Reaction

This occurs where in the chloroplast?  (O) stroma.

Input: (P) ATP and (Q) NADPH from the light reaction and ® CO2.

Output: (S) G3P.

Calvin cycle must turn (T) three times to make one molecule of glucose.

(U) ADP and (V) NADP+ are returned to the light dependent reaction to be regenerated.
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