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Plant Pigments and Photosynthesis Lab

Part A:  Chromatography of Plant Pigments
Paper chromatography is a useful technique for separating and identifying pigment and other molecules from cell extracts that contain a complex mixture of molecules. The solvent moves up the paper by capillary action, which occurs as a result of the attraction of solvent molecules to the paper and the attraction of the solvent molecules to one another. As the solvent moves up the paper, it carries along any substances dissolved in it. The pigments are carried along at different rates because they are not equally soluble in the solvent and because they are attracted, to different degrees, to the fibers of the paper through the formation of intermolecular bonds, such as hydrogen bonds.

Beta carotene, the most abundant carotene in plants, is carried along near the solvent front because it is very soluble in the solvent being used and because it forms no hydrogen bonds with cellulose. Another pigment , Xanthophyll differs from carotene in that it contains oxygen. Xanthophyll is found further from the solvent font because it is less soluble in the solvent and has been slowed down by hydrogen bonding to the cellulose. Chlorophyll's contain oxygen and nitrogen and are bound more tightly to the paper than the other pigments. Chlorophyll a is the primary photosynthetic pigment in plants. A molecule of chlorophyll a is located at the reaction center of the photo systems. The pigments collect light energy and send it to the reaction center. Carotenoids also protect the photosynthetic systems from damaging effects of ultraviolet light.

Procedure

Materials Needed

1 Vial

1 Chromatography Paper Strip

Chromatography Solvent, 10ml

Coin

Spinach

Safety: Avoid inhaling the chromatography solvent.  Avoid open flames.
1. With a pencil, draw a line 1.5cm from the bottom of the paper.

Note: Touch the paper as little as possible; the oils from your fingers will interfere with the chromatogram.
2. Place a piece of spinach over the line.  Rub the ribbed edge of a quarter over the spinach leaf to extract the pigments.  Repeat eight or 10 times, making sure you are rubbing the coin over the pencil line.

3. Pour 10ml chromatography solvent into a glass vial.  Place the chromatography paper in the vial so that the pigment end of the paper is barely immersed in the solvent.  Cap the vial and leave it undisturbed until the solvent reaches approximately 1cm from the top of the strip.

4. Remove the paper and immediately mark the location of the solvent front; it will evaporate very quickly. 

5. Mark the location of each of the four bands and record your data in Table 1.

Analysis

Table 1

Chromatography of Plant Pigments

	Band Number
	Pigment
	Migration Distance (mm)
	Rf Value

	--
	Solvent
	
	--

	1 (top)
	Carotene (yellow to yellow-orange)
	
	

	2
	Xanthophyll (yellow)
	
	

	3
	Chlorophyll a (bright green to blue-green)
	
	

	4
	Chlorophyll b (yellow-green to olive-green)
	
	


1. Calculate the Rf values for plant pigment chromatography using the following formula and record your data in Table 1.  (This allows you to compare your data with other groups since the distance traveled is relative.)
Rf = Distance Substances (Pigments) Traveled

Distance Solvent Traveled

Questions

1. Which pigment migrated the farthest and why?

2. Which of the two forms of chlorophyll is more soluble?

3. Why do leaves change color in autumn?

4. What is the function of the chlorophylls in photosynthesis?

5. What are the accessory pigments and what are their functions?

6. What does the Rf value represent?

Part B:  Photosynthesis… the Light Reaction
You will measure the rate of photosynthesis in isolated chloroplasts. The measurement technique involves the reduction of the dye DPIP. The transfer of electrons during the light-dependent reactions of photosynthesis reduces DPIP, changing it from blue to colorless.

Light is a part of a continuum of radiation or energy waves. Shorter wavelengths of energy have greater amounts of energy. For example, high-energy ultraviolet rays can harm living things. Wavelengths of light within the visible spectrum of light provide power for photosynthesis. When light is absorbed by leaf pigments, electrons within each photosystem are boosted to a higher energy level and this energy level is used to produce ATP and to reduce NADP to NADPH. ATP and NADPH are then used to incorporate CO2 into organic molecules, a process called carbon fixation.

Design of the Exercise
Photosynthesis may be studied in a number of ways. For this experiment, a dye-reduction technique will be used. The dye-reduction experiment tests the hypothesis that light and chloroplasts are required for the light reactions to occur. In place of the electron accepter, NADP, the compound DPIP ( 2.6-dichlorophenol-indophenol), will be substituted. When light strikes the chloroplasts, electrons boosted to high 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, the resultant increase in light transmittance is measured over a period of time using a spectrophotometer. The experimental design matrix is presented in Table 2.
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Table 2: Photosynthesis Setup
	
	
	Cuvettes

	
	1
Blank
	2
Unboiled Chloroplasts Dark
	3
Unboiled Chloroplasts Light
	4
Boiled Chloroplasts Light
	5
No Chloroplasts

	Phosphate Buffer
	1 ml.
	1 ml.
	1 ml.
	1 ml.
	1 ml.

	Distilled Water
	4 ml.
	3 ml.
	3 ml.
	3 ml.
	3 ml + 3 drops

	DPIP
	----
	1 ml.
	1 ml.
	1 ml.
	1 ml.

	Unboiled Chloroplasts
	3 drops
	3 drops
	3 drops
	----
	----

	Boiled Chloroplasts
	----
	----
	----
	3 drops
	----


Materials Needed

Indophenol Solution, 3ml

Phosphate Buffer, 4ml

Prepared Boiled Chloroplast

Prepared Unboiled Chloroplast

Parafilm

4 Cuvettes

Test Tube Clamp

Test Tube Rack

Spectrophotometer

Floodlight, 100W

Aluminum Foil

Pipets

1. Turn on the spectrophotometer to warm it up.  Adjust the wavelength control knob to 605nm.

2. Set up an incubation area with a floodlight, a flask of water for a heat sink, and a test tube rack.

3. With a glass marking pen, lable four cubettes at the very top rim – 1, 2, 3, and 4.  Wipe down the outside of each cuvette with lens paper to remove any fingerprints and oils.

4. Wrap the outside of cuvette 2 with foil and make a foil cap for the top to keep the chloroplast solution in complete darkness.  It will be used as the experiment control.

5. Add the following:

· 1ml phosphate buffer to all four cuvettes

· 4ml distilled water to cuvette 1

· 3ml distilled water to cuvettes 2, 3, and 4

· 1ml DPIP to cuvettes 2, 3, and 4

6. Zero the spectrophotometer by adjusting the amplifier control knob until the meter reads 0% transmittance.

7. Obtain 2ml of boiled chloroplast and 2ml of unboiled chloroplast.  Transfer three drops of unboiled chloroplasts to cuvette 1.  Cover the top of the cuvette with parafilm and invert to mix.

8. Place cuvette 1 in the sample holder of the spectrophotometer.  Be cure the cuvette is wiped clean and is inserted into the sample holder in the same direction every time to ensure consistent readings.  Adjust the light control knob until the meter reads 100% transmittance.

Note: Cuvette 1 will be used to recalibrate the spectrophotometer between readings.
9. Transfer three drops of unboiled chloroplasts into cuvette 2 with a pipette.  Immediately cover the cuvette with parafilm and invert to mix.

10. Remove the foil sleeve and foil top, and place the cuvette in the sample holder.  Read the percent trasmittance and record it as Time 0 in Table 3.

11. Place the cuvette back into its foil sleeve and cover it with the foil top.  Place the cuvette in the test tube rack between percent transmittance readings.

12. Repeat reaings at 5, 10, and 15 minutes.  Be sure to cover and mix cuvette before each reading.  Read the percent transmittance and record the data in Table 3.

Note: Be sure to use cuvette 1 to check and recalibrate the spectrophotometer periodically to ensure consistent results.
13. Transfer three drops of the unboiled chloroplasts into cuvette 3.  Immediately cover the cuvette with parafilm and invert to mix.

14. Place the cuvette in the sample holder.  Read the percent transmittance and record it as Time 0 in Table 3.

15. Place the cuvette in the test tube rack between percent transmittance readings.

16. Repeat readings at 5, 10, and 15 minutes.  Be sure to cover and mix cuvette before each reading.  Read the percent transmittance and record the data in Table 3.

Note: Be sure to use cuvette 1 to check and recalibrate the spectrophotometer periodically to ensure consistent results.

17. Transfer three drops of the boild chloroplast into cuvette 4.  Immediately cover the cuvette with parafilm and invert to mix.

18. Place the cuvette in the sample holder.  Read the percent transmittance and record it as Time 0 in Table 3.

19. Place the cuvette in the test tube rack between percent transmittance readings.

20. Repeat readings at 5, 10, and 15 minutes.  Be sure to cover and mix cuvette before each reading.  Read the percent transmittance and record the data in Table 3.

Analysis

Transmittance (%) Table 3
	
	Time

	Cuvette
	0 min.
	5 min.
	10 min.
	15 min.

	2 (Dark)
	
	
	
	

	3 (Unboiled)
	
	
	
	

	4 (Boiled)
	
	
	
	


Plot the percent transmittance from the four cuvettes on the graph below.

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	


Questions

1. What is the purpose of DPIP in this experiment? 
2. What molecule found in chloroplasts does DPIP "replace" in this experiment?
3. What is the source of the electrons that will reduce DPIP? 
4. What was measured with the spectrophotometer in this experiment?
5. What is the effect of darkness on the reduction of DPIP? Explain.
6. What is the effect of boiling the chloroplasts on the subsequent reduction of DPIP? Explain. 
7. What reasons can you give for the difference in the percent transmittance between the live chloroplasts that were incubated in the light and those that were kept in the dark?

