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Lab 4: Photosynthesis


Photosynthesis

The process of photosynthesis involves the use of light energy to convert carbon dioxide and water into sugar, oxygen, and other organic compounds. This process is often summarized by the following reaction:

6 H2O + 6 CO2 + light energy C6H12O6 + 6 O2
This process is an extremely complex one, occurring in two stages. The first stage, called the light reactions of photosynthesis, requires light energy. The products of the light reactions are then used to produce glucose from carbon dioxide and water. Because the reactions in the second stage do not require the direct use of light energy, they are called the dark reactions of photosynthesis.

In the light reactions, electrons derived from water are “excited” (raised to higher energy levels) in several steps, called photosystems I and II. In both steps, chlorophyll absorbs light energy that is used to excite the electrons. Normally, these electrons are passed to a cytochrome containing an electron transport chain. In the first photosystem, these electrons are used to generate ATP. In the second photosystem, excited electrons are used to produce the reduced coenzyme nicotinamide adenine dinucleotide phosphate (NADPH). Both ATP and NADPH are then used in the dark reactions to produce glucose.

In this experiment, a blue dye (2,6-dichlorophenol-indophenol, or DPIP) will be used to replace NADPH in the light reactions. When the dye is oxidized, it is blue. When reduced, however, it turns colorless. Since DPIP replaces NADPH in the light reactions, it will turn from blue to colorless when reduced during photosynthesis.

OBJECTIVES

In this experiment, you will


use a colorimeter to measure color changes due to photosynthesis.


study the effect of light on photosynthesis.


study the effect that the boiling of plant cells has on photosynthesis.


compare the rates of photosynthesis for plants in different light conditions.

MATERIALS

Macintosh or IBM-compatible computer
DPIP

Serial Box Interface or ULI
two chloroplast suspensions (in the dark)

Vernier Colorimeter
large beaker or flask filled with water

Logger Pro 
ice

cuvette with lid
test tube rack

0.1 M phosphate buffer
watch or clock with second hand

5-mL pipette
two 1-mL pipettes

100-watt floodlight
two eyedroppers or Beral pipettes

aluminum foil


PROCEDURE

1.
Obtain and wear goggles.

2.
Prepare the computer for data collection by opening “Exp 07” from the Biology with Computers experiment files of Logger Pro. A meter window will display the absorbance readings from the colorimeter.

3.
To correctly use a colorimeter cuvette, remember:


All cuvettes should be wiped clean and dry on the outside with a tissue.


Handle cuvettes only by the top edge of the ribbed sides.


All solutions should be free of bubbles.


Always position the cuvette with its reference mark facing toward the white reference mark at the right of the cuvette slot on the colorimeter.


Connect the Colorimeter to Port 1 of the Serial Box Interface or ULI. Follow these steps to calibrate the colorimeter:


Prepare a blank by filling a cuvette 3/4 full with tap water.


Choose Calibrate from the Experiment menu and then click 

. 


Place the blank cuvette in the cuvette slot of the colorimeter and close the lid.


Turn the wavelength knob of the colorimeter to the 0%T position. In this position, the light source is turned off, so no light is received by the photocell.


Enter “0” in the % edit box. When the voltage reading for Input 1 stabilizes, click 

.


Turn the wavelength knob of the colorimeter to the Red LED position (635 nm). In this position, the colorimeter is calibrated to show 100% of the red light being transmitted through the blank cuvette.


Enter “100” in the % edit box. When the voltage reading for Input 1 stabilizes, click 

.
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
Click 

 and leave the LED on the Red setting.

Figure 1

4.
Obtain a large beaker or flask filled with water. This will act as a heat shield for the chloroplasts, protecting them from warming due to the flood lamp.

5.
Place a flood lamp on one side of the heat shield as shown in Figure 2.

6.
Obtain a sample of boiled and another of unboiled chloroplasts. Keep both samples on ice at all times.
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Figure 2

7. 
Obtain three cuvettes with lids. Label one cuvette lid with a U (unboiled), one with a D (dark), and one with a B (boiled). Cover the outside of cuvette D with aluminum foil to prevent light from getting into the cuvette. The lid is opaque, so you do not need to cover it. 

8. 
Gently suspend the chloroplasts in the unboiled and boiled chloroplast suspensions.

9. 
Add 2.5 mL of DPIP solution to each of the cuvettes. Perform the following steps as quickly as possible and proceed directly to step 10.


Cuvette U: Add 3 drops of unboiled chloroplasts. Place the lid on the cuvette and gently mix; try not to introduce bubbles in the solution. Place the cuvette in the light as shown in Figure 2. Mark the cuvette's position so that it can always be placed back in the same spot.


Cuvette D: Add 3 drops of unboiled chloroplasts. Place the lid on the cuvette and gently mix; try not to introduce bubbles in the solution. Place the foil-covered cuvette in the light and mark its position. Make sure that no light can penetrate the cuvette.


Cuvette B: Add 3 drops of boiled chloroplasts. Place the lid on the cuvette and gently mix; try not to introduce bubbles in the solution. Place the cuvette in the light as shown in Figure 2. Mark the cuvette's position so that it can always be placed back in the same spot.

10. 
Take absorbance readings for each cuvette at time = 0.


Cuvette U: Place the cuvette in the cuvette slot of the colorimeter and close the lid. Allow approximately 10 seconds for the readings to stabilize, then record the absorbance value displayed in the Meter window in Table 1. Remove the cuvette and place it in its original position in front of the light.


Cuvette D: Remove the cuvette from the foil sleeve and place it in the cuvette slot of the colorimeter. Close the colorimeter lid and wait 10 seconds. Record the absorbance value displayed in the Meter window in Table 1. Remove the cuvette and place it back into the foil sleeve. Place the cuvette in its original position in front of the light.


Cuvette B: Place the cuvette in the cuvette slot of the colorimeter and close the lid. Allow 10 seconds for the readings to stabilize, then record the absorbance value displayed in the Meter window in Table 1. Remove the cuvette and place it in its original position in front of the light.

11. 
Repeat Step 10 when 5 minutes have elapsed.

12. 
Repeat Step 10 when 10 minutes have elapsed.

13. 
Repeat Step 10 when 15 minutes have elapsed.

14. 
Repeat Step 10 when 20 minutes have elapsed.

PROCESSING THE DATA

1.
Prepare the computer for data collection by opening “Exp 07B” from the Biology with Computers experiment files of Logger Pro .

2.
Enter the data recorded in Table 1 into the appropriate column in the Table window. To type in data you must hold down the Ctrl key while you click on the table cell with the mouse pointer. The table cell will enlarge and you will see a blinking cursor in the cell. Type your data point and press ENTER. The cursor will move down to the next cell. The graph will update after each data point is entered.

3.
Calculate the rate of photosynthesis for each of the three cuvettes tested.


Click the Regression button, 

,to perform a linear regression. A dialog box will appear. Select the three data sets you wish to perform a linear regression on and click 

. A floating box will appear with the formula for a best fit line for each data set selected.


In Table 2, record the slope of the line, m, as the rate of photosynthesis for each data set.


Close the linear regression floating boxes. 
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