Plant Pigments and Photosynthesis

Converting Solar Energy to Chemical Energy
Driving Questions

● How can the various photosynthetic pigments in plants be separated and visualized?

● Do rates of photosynthesis vary under different environmental conditions? 



“Different Conditions” = dark, and extreme heat (= boiling!)


Why do rates of photosynthesis vary under different environmental conditions?

● Background

Plants are photosynthetic organisms, able to harness light energy from the sun to convert carbon dioxide gas from the atmosphere into sugar through photosynthesis.

6CO2 + 6H2O + light energy ( C6H12O6 + 6O2
The photosynthetic pigments absorb light energy from the sun.  As light hits the chloroplasts electrons are excited and then passed along an elaborate electron transport chain within the thylakoid membrane of the chloroplasts. This electron flow does two things. It drives protons against their concentration gradient, setting up an electro-chemical gradient used for ATP synthesis; and it delivers electrons and protons to an electron acceptor, NADP+,, reducing the molecule to NADPH. (NADPH is then used to reduce CO2 to sugar in the light independent reactions.)  

Photosynthesis may be studied in a number of ways.  For this experiment, a dye-reduction technique will be used.  In place of the electron acceptor, NADP, the compound DPIP (2,6-dichlorophenol-indophenol), will be substituted.  When light strikes the chloroplasts, electrons boosted to hgh energy levels will reduce DPIP.  It will change from blue to colorless.

In this experiment, chloroplasts are extracted from spinach leaves and incubated with DPIP in the presence of light.  As the DPIP is reduced and becomes colorless what should happen to the % transmittance?
● CHROMATOGRAPHY – See separate Sheet

● Set Up - Photosynthesis

1) Turn on the spectrophotometer to warm up the machine and set the wavelength to 605 nm by adjusting the wavelength control knob.

2) Prepare the incubation area.  You will need a flood light, ruler, and a heat sink (a 1000 ml beaker or flask filled with water).  Place the flood light 12 inches in front of the heat sink. The heat sink will absorb the heat from the flood light while still allowing light to pass through to the cuvettes which will be placed directly behind the heat sink.

[image: image1.emf]
3) Obtain five cuvettes and label the tops of each 1, 2, 3, 4 and 5 with tape or a wax pencil.  Place mark on the front of each tube so they are placed in the machine the same each time.

(NOTE:  HANDLE CUVETTES ONLY NEAR THE TOP)
4) Cover the sides and top of cuvette number 2 with aluminum foil. Cover it loosely so you can remove the cuvette and place it in the spectrophotometer every five minutes.  

5) Fill each of the cuvettes according to Table 1 below, but DO NOT ADD either the unboiled or boiled chloroplasts yet.

Table 1: Cuvette Set-Up

	Contents
	Cuvette 1 Blank

(no DPIP)
	Cuvette 2 Unboiled chloroplasts (Dark)
	Cuvette 3 Unboiled chloroplasts (Light)
	Cuvette 4 Boiled chloroplasts (Light)
	Cuvette 5

 No Chloroplasts (Light)

	Phosphate buffer
	1 mL
	1 mL
	1 mL
	1 mL
	1 mL

	Distilled water
	4 mL
	3 mL
	3 mL
	3 mL
	3 mL + 2 drops

	DPIP
	None
	1 mL
	1 mL
	1 mL
	1 mL

	Unboiled chloroplasts
	2 drops
	2 drops
	2 drops
	None
	None

	Boiled chloroplasts
	None
	None
	None
	2 drops
	None


● PREDICTIONS:  Based on your knowledge and the background info given, make predictions about what will happen will happen in Cuvettes #2-5 over time.

● CREATE DATA TABLE:  Generate your data table to record the % transmittance for cuvettes #2-5 at times 0, 5, 10, 15, and 20

6) Add 4 drops of unboiled chloroplasts to cuvette 1.  Cover the cuvette with a square of parafilm hold the top and bottom of the cuvette between your thumb and finger, and mix by inverting the cuvette several times.  Insert the cuvette into the spectrophotometer and  tightly close the lid.

7) Press the green calibrate button on the top of the colorimeter.  The light will turn green while the calibration is in progress.  When the light turns off you may remove the cuvette.  The sensor is calibrated.

8) Add 4 drops of the unboiled chloroplast suspension to cuvette 2.  Cover the cuvette with a square of parafilm hold the top and bottom of the cuvette between your thumb and finger, and mix by inverting the cuvette several times.  Insert the cuvette into the spectrophotometer and  tightly close the lid.

9) Read the percent transmittance and record as time 0.  Remove the cuvette from the colorimeter. Re-cover the cuvette with the aluminum foil and place in the incubation rack.
(Note: Be sure to mix the contents of the cuvettes before each reading)
10) Add 4 drops of the unboiled chloroplast suspension to cuvette 3.  Cover the cuvette, mix by inverting, insert into the spectrophotometer, close the lid, and record the percent transmittance.  Remove the cuvette and place in the incubation rack.  

11) Add 4 drops of the boiled chloroplast suspension to cuvette 4.  Cover the cuvette, mix by inverting, insert into the spectrophotometer, close the lid, and record the percent transmittance.  Remove the cuvette and place in the incubation rack.  

12) Cover cuvette 5 and invert to mix.  This cuvette does not receive any chloroplasts. Insert into the cuvette holder on the spectrophotometer and tightly close the lid.  Record the percent transmittance.  Remove the cuvette and place in the incubation rack.  
13) Be sure all cuvettes are in the incubation area. Begin keeping track of the time that the cuvettes are in the incubation area. Measure the percent transmittance of all cuvettes #2, #3, #4, and #5 again at 5, 10, 15, and 20 minutes. Record all data.

(BE SURE TO OCCASIONALLY CALIBRATE THE MACHINE WITH CUVETTE #1)

● ANALYSIS

1) Collect and post all your data on the class spreadsheet.

2) Record the class average data collected.

3) Make a rough sketch graph of the class data we collect (There will be 4 lines on the graph)  Complete a proper quality graph for inclusion.

4)  GRAPHING REMINDERS:

a. Independent variable labels the x-axis

b. Dependent Variable labels the y-axis

c. Be sure to include units in parentheses.  

d. Title the graph using your two variables.

5) SUMMARIZE and verbalize the class data in your table.  What do the numbers tell you?

6) Identify the function of all five of the cuvettes.

7) Restate your predictions for the cuvettes and state the evidence that causes you to accept or reject your prediction.

8) What were the effects of LIGHT, DARK, and BOILING on the light dependent reactions? For each variable, cite evidence to support your claim and explain why you obtained your results. 
9) What is the function of DPIP?
10) What is the direct source of electrons that reduce DPIP?  What is the ultimate source of these electrons in this experiment?

11) What is the actual reaction that is being measured by the spectrophotometer?
● EXPERIMENT RE-DESIGN

On separate paper, choose some other variable and design a controlled experiment to test that variable. 

