Experiment 5:  Photosynthesis

Introduction:


The human eye responds to a certain range of wavelengths of electromagnetic radiation.  We call radiation within this range “visible light.”  The shorter the wavelength, the greater the energy of the radiation.  Ultraviolet radiation, X-rays, and gamma rays possess shorter wavelengths and more energy than visible light.  These high-energy radiations can harm living tissues.  Electromagnetic radiations with lower energy (longer wavelengths) than visible light are called infrared radiation and radio waves.  


Plant cells contain pigments that absorb electromagnetic radiation of wavelengths  within the visible range.  The pigment molecules are part of complexes called photosystems, which are found in the chloroplasts of palisade mesophyll leaf cells.

When leaf pigments absorb light, electrons within the photosystems are boosted to a higher energy level and this energy is used to produce ATP and reduce NADP+ to NADPH.  The high-energy products, ATP and NADPH, are then used to incorporate CO2 into organic molecules, a process called carbon fixation.

In this experiment, photosynthesis is detected by the donation of a high-energy electron to a dye molecule (instead of NADP+).  The dye is 2,6-dichlorophenol-indophenol (DPIP).  It will take the place of NADP+ as the electron acceptor in photosynthesis.  Unreduced DPIP is blue.  When it is reduced by a high-energy electron, DPIP changes from blue to colorless.  Therefore, photosynthesis can be detected by following the color change of DPIP from blue to clear.  In this activity, you will add an extract of chloroplasts from spinach leaves to a DPIP solution and incubate the mixture in the presence of light.  As the DPIP is reduced and becomes colorless, the resultant increase in light transmittance will be observed over time and recorded in a data table.

One thing that needs to be mentioned here is the idea of using a control in your experiments.  A control serves as a basis to which a comparison can be made to the experimental setup.  It allows us to validate our experiment and ensure that the variables we are testing are both testable and accurate.  For instance, in this experiment, you will use a control to make sure that DPIP doesn’t spontaneously change color.  With this said, which tube will serve as the control in this experiment? Explain your reasoning and be sure to mention why this tube serves as the control.
This experiment is designed to test the hypothesis that light and active chloroplasts are required for the light reactions of photosynthesis to occur.  The experimental design procedure is presented in Table 5-1.

Materials:

1mL disposable plastic pipets

Amber vial of unboiled chloroplast suspension

Amber vial of boiled chloroplast suspension

Distilled water

Vial 0.1M phosphate buffer

Vial of DPIP solution

Parafilm ® for covering the tops of test-tubes while mixing

Test tube rack

100 Watt floodlight (if available)

Aluminum foil

Ice bucket or beaker for each station

Ice

Hot plates

Small test tubes

Plastic transfer pipettes

Procedure

Table 5-1.  The contents and measured volumes of the tubes which will be observed to test for photosynthesis.  

	Test-tubes

	Contents
	#1 Blank (Unboiled)
	#2 Dark/Unboiled
	#3 Light/Unboiled
	#4 Light/Boiled
	#5 No Chloroplasts

	Phosphate Buffer
	1mL
	1mL
	1mL
	1mL
	1mL

	Distilled H2O
	4mL
	3mL
	3mL
	3mL
	3mL plus 3 drops

	DPIP


	 
	1mL
	1mL
	1mL
	1mL

	Unboiled Chloroplasts
	3 drops
	3 drops
	3 drops
	 
	 

	Boiled Chloroplasts
	 
	 
	 
	3 drops
	 


1. Set up an incubation area that includes a test-tube rack.

2. Your teacher will provide you with vials containing boiled and unboiled chloroplast suspensions, phosphate buffer, and DPIP.  Keep these on ice.

Note:  You have four plastic transfer pipets for setting up the experiment.  Keep track of them carefully and use them as directed, so that you will not cross-contaminate reagents.  The first is to be used for H2O and then later for buffer solution, the second for DPIP, the third for unboiled chloroplasts suspension, and the fourth for boiled chloroplast suspension.  Be aware that the pipettes have a 1mL graduation mark on the top of the neck, near the bulb.
Note:  When you add the chloroplasts to the dye solution, photosynthesis may reduce the dye very quickly.  Add chloroplasts to only one test-tube at a time and observe each test-tube’s color immediately.  Follow these instructions closely.
3. At the top rim of the test-tubes, place labels numbered 1,2,3,4, and 5 respectively. Use the first of the plastic transfer pipets to add 4mL of distilled H2O to test-tube 1.  With the same pipet, add 3mL of distilled H2O to test-tubes 2,3,4 and 5.  Add three additional drops of H2O to test-tube 5.  Next, still using the first pipet, add 1mL of phosphate buffer to all five test-tubes (1,2,3,4 and 5).  With a fresh (second) pipet, add 1mL of DPIP dye to test-tubes 2,3,4, and 5.

Note:  Cover the walls and bottom of test-tube 2 with foil and make a foil cap “cover” for the top.  Light should not be permitted inside test-tube 2 because it is the control for the experiment.
4. Mix the unboiled chloroplast suspension, and transfer three drops of it to test-tube 1 with a fresh (third) pipet.  Set the pipet aside for reuse.  Cover the top of test-tube 1 with Parafilm® and invert it to mix.  

5. Mix the unboiled chloroplast suspension and, using the (third) pipet you used to add the unboiled chloroplasts to test-tube 1, transfer three drops of the unboiled suspension to test-tube 2.  Make observations and record them at 5, 10, and 15 minutes and record the results in Table 5-2.  Cover and mix the test-tube prior to making each observation.  
6. Mix the unboiled chloroplast suspension and, using the same (third) pipet, as before, transfer three drops of the unboiled suspension to test-tube 3.  Immediately cover and mix test-tube 3, and record the results in Table 5-2.  Place test-tube 3 in the incubation test-tube rack beside test-tube 2.  Take and record additional readings at 5, 10, and 15 minutes.  Mix each test-tube prior to making each observation.
7. Mix the boiled chloroplast suspension and use the last (fourth) transfer pipet to transfer three drops of the boiled suspension to test-tube 4.  Immediately cover and mix test-tube 4.  Place test-tube 4 in the incubation test-tube rack beside test-tube 3.  Take and record additional readings at 5, 10, and 15 minutes and record the results in Table 5-2.  Cover and mix the test-tube prior to making each observation.
8. Cover and mix test-tube 5.  Place test-tube 5 in the incubation test-tube rack beside test-tube 4.  Take and record observations in the results in Table 5-2 at 5, 10, and 15 minutes.  Cover and mix the test-tube prior to making each observation.
Table 5-2.  Data for your observations after 5, 10, and 15 minutes.
	Test-tube #
	Time

	
	0 Min
	5 Min
	10 Min
	15 Min

	1.  Blank
	 
	 
	 
	 

	2.  Unboiled/Dark
	 
	 
	 
	 

	3.  Unboiled/Light
	 
	 
	 
	 

	4.  Boiled/Light
	 
	 
	 
	 

	5.  No Chloroplasts
	 
	 
	 
	 


Plot the data from Table 5-2 on Graph 5-1, below.  Label each plotted line.
a. The independent variable is ______________________________

(Use to label the horizontal x-axis)

b. The dependent variable is ______________________________

(use to label the vertical y-axis)
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Figure 5.1:  Data from the experiment.

Label the x- and y-axis.

Questions:
1. What is the effect of darkness on the reduction of DPIP?

2. What is the effect of boiling the chloroplasts on the reduction of DPIP?

3. What is the difference in the color of the solutions between the unboiled chloroplasts that were incubated in light and those that were kept in the dark?

4. Based on the results you have recorded in Graph 5-1, what must be present for photosynthesis to occur?
5. Give the purpose of each test-tube?
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