AP Biology Lab 7
Photosynthesis 

Photosynthesis Part I: The Relationship Between Respiration and Photosynthesis in the Aquatic Plant Elodea 

Introduction/Background
Green plants use sunlight to make glucose. To do so, the plant must use carbon dioxide and water in a process called photosynthesis. The glucose made by plants is used by plants and animals as a source of energy. To release the energy contained in the bonds of glucose, the glucose must be converted to ATP through a process called cellular respiration. All plants undergo respiration as well as photosynthesis. Respiration also produces waste products including carbon dioxide and water, which are the same substances that served as raw materials for photosynthesis. In water, carbon dioxide dissolves to form a weak acid: 

H2O (l) + CO2 (g) --------> H2CO3 (l)

As a result, an acid-base indicator such as bromthymol blue can be used to indicate the presence of carbon dioxide. In this laboratory investigation, you will use the aquatic plant Elodea and bromthymol blue to explore the relationship between photosynthesis and respiration. Bromthymol blue is yellow-green in the presence of an acid and blue in a neutral solution. Elodea is an autotroph that will photosynthesize under the appropriate conditions.
Introduction/Question

State your question/problem here

Introduction/Hypothesis

State your hypothesis here

Materials

Four 125-mL flasks 

cork/rubber stoppers 

100-ml graduated cylinder 


Elodea 



light source 


drinking straw
Bromthymol blue (BTB)
Procedure

1. Using a graduated cylinder, measure out 75ml of bromthymol blue solution for each of the four flasks. Caution: BTB is a dye and can stain your hands and clothing. 

2. Insert one end of a drinking straw into the BTB in one of the flasks. Gently blow through the straw. Keep blowing and swirling until there is a change in the appearance of the BTB solution. Repeat this procedure with the other flasks, trying to have the same color change in each flask. Record your observations. 

3. Place a sprig of Elodea into each of two flasks. Place no Elodea in the other two flasks. Stopper the flasks. 

4. Place one flask with Elodea and one empty flask in the dark for 24 hours. Place the other flask with Elodea and one empty flask on a sunny windowsill for the same amount of time. Some groups will place their Elodea near a bright light.
5. After 24 hours, examine each flask. Note any change in the appearance of the bromthymol blue solution. Record your observations in the data table.

Data 

Initial appearance of BTB
Appearance after gently exhaling/blowing
What you added to the solution by exhaling/blowing
Appearance of BTB in the dark with Elodea after 24 hours

Appearance of BTB in the light with Elodea after 24 hours
Appearance of empty BTB flask left in the dark after 24 hours

Appearance of empty BTB flask left in the light after 24 hours
Analysis

 1. What was the color of the bromthymol blue solution before you exhaled into it? After you blew into it? Why did it change color?

 2. Why did we use BTB in this experiment?

 3. Why was Elodea placed in both experimental flasks?

 4. What differences did you observe between the Elodea in the light and the Elodea in the dark? Why did this occur?

5. What is photosynthesis and how do our results demonstrate the requirements necessary for this process to occur?

6. What does this experiment tell us about the relationship between respiration and photosynthesis?
7. What was the role of the two flasks without Elodea? What did you learn from them?
Photosynthesis Part II: Chromatography

Introduction/Background
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
Introduction/Question

State your question/problem for Part A here

Introduction/Hypothesis
State your hypothesis for Part A here
Procedure A

1. Take a piece of filter paper and fold it into thirds. Draw a dotted line in pencil about 1-cm from the bottom and 1-cm from each side (see diagram below). Place a small amount  of  black ink in the center of each section of the tri-fold, at the same distance above the pencil line.

                                        [image: image1.png]


 

2. Take a glass beaker and add enough water (the solvent) to cover the bottom.

3. Place the folded filter paper in the flask so that the bottom of the paper is in the water, but the pencil line is above the water. Make sure the paper is securely standing in the dish.

4. Allow the water to move up the filter paper until the water line is nearly at the top.

5. For each of the three paper sections (called Section 1, Section 2 and Section 3!), measure the distances moved by the different pigments, as well as by the water. Record these distances in Table 1. When you are done with your strip, turn it in.
6. The relationship of the distance moved by a pigment to the distance moved by the solvent is a constant called Rf . It can be calculated for each of the four pigments using the formula:

Rf = distance pigment migrated (mm) / distance solvent front migrated (mm)

Record your Rf values for the pen ink in Table 1.
Table 1

Distance moved by Pigment Band (millimeters) 

Band Number
Band Color
Distance (mm)


Rf
1

2

3

4

Distance Solvent Front Moved (mm) =
 
Analysis

1. What do these results tell you about how soluble the different pigments are that are found in black ink? Be specific.
2. Would you expect the Rf value of these pigments to be the same if a different solvent were used? Explain.

Procedure B

Go to the link below and conduct the computer simulation of the separation of plant pigments. Record your results and answer all questions given in the simulation. In addition, calculate the Rf for each plant pigment shown in the first part of the simulation. When you are done answering the questions for the simulation, you will be done with Part II of the Photosynthesis Lab.
http://www.phschool.com/science/biology_place/labbench/lab4/intro.html


Photosynthesis Part III: Measuring the Light Reactions

Introduction/Background
Photosynthesis is the process by which plants absorb energy from sunlight and use it to

convert carbon dioxide and water to glucose and oxygen. The glucose molecule which

forms contains the energy from the sunlight converted to a new form, chemical energy.

The overall chemical equation for these reactions is shown below:

6 CO2 + 6 H2O + energy ---> C6H12O6 + 6 O2
The energy that plants trap is essential, both for their own growth and for other

organisms that rely on plants for food.

Although the overall chemical equation for photosynthesis seems simple enough, it is

actually the net result of a long series of reactions. Biochemists divide the reactions into

two processes: the light reactions and the dark reactions (also known as the Calvin

cycle). As the name implies, the light reactions require light energy. The dark reactions

don’t require light. They use chemicals produced in the light reactions. When a plant is

exposed to light, the light and dark reactions will occur at the same time. If the light is

removed, the light reactions stop immediately, but the dark reactions keep going until the

chemicals produced in the light reactions are used up. At that point, photosynthesis stops

until light is again available.

In this lab, you will measure the rate of the light reactions. You will take a suspension of

chloroplasts from spinach leaves and actually measure the rate at which light is converted

into chemical energy.

During the light reactions, a small packet of light energy called a photon knocks an

electron out of a molecule of water. The electron is now a high-energy electron that is

passed from molecule to molecule within the chloroplast until it is finally captured by an

electron acceptor molecule called NADP+. (Actually, the NADP+ captures two of these

high-energy electrons and, in the same process, a proton or H+. The electrons and the H+

come from water.) The NADP+ is converted to NADPH by a chemical process called

reduction. NADPH is then used in the dark reactions to produce glucose.

In a chloroplast, you cannot see the light reactions occur. NADPH is produced, but your

eyes are not capable of detecting it. In this experiment, you will use a substitute that you

can see. It is called DPIP (dichlorophenol-indophenol). DPIP is a dark blue color until it

is reduced, that is, until it captures an electron and a proton (H+). After capturing the

electron and proton, it becomes colorless. Thus, if the light reaction is occurring, you will

be able to see a change in the color of the blue DPIP to the colorless DPIPH.

To measure the change in color more precisely, a device called a spectrophotometer is used. Inside the spectrophotometer, there is a light bulb that can be made to shine a beam of light of just one wavelength through sample tubes. (Remember that normal white light is a mixture of all the colors of the rainbow. Each of these colors is different because it has a different wavelength.) There is also a detector that will measure how much light passes through the sample. At the beginning, when the DPIP is blue, it will absorb all the light and will not allow any to pass through. As the DPIP is reduced to DPIPH and becomes colorless, more and more light will pass through the sample. You will measure this change at different time intervals. The amount of light that passes through the sample is known as transmittance.

With DPIP in this experiment, it will be part of a mixture. The other parts of the

mixture are water, buffer, and chloroplasts. They also transmit and absorb light. If you

want the spectrophotometer to read the concentration of just the DPIP, and not the other

substances, you adjust the meter so that it will ‘‘ignore’’ everything except the DPIP.

You will do this by using a blank. A blank is a sample that contains all the substances in the experimental sample except the one that is measured. The blank is inserted into

the spectrophotometer before any experimental readings are taken. When the blank is in

the chamber, the meter will be adjusted to read 100% transmittance. In other words, the

meter will ‘‘ignore’’ buffer, water, and chloroplasts. When an experimental sample is

placed in the chamber, the meter will record only the amount of light transmitted by the

DPIP.

Pre-Lab Questions

1. How is red light different from green light?

2. What color is DPIP? What new substance does it become after it takes part in the

light reaction? What color is this final compound?

3. What is the purpose of DPIP in this experiment?
Procedure

Observe this as a demonstration in class first. Record your observations. Then go to the link below and conduct the computer simulation activity for DPIP. Record your results from the simulation, and then use the data provided below to answer the Analysis Questions at the end of this section. (http://www.phschool.com/science/biology_place/labbench/lab4/intro.html)

Data
Normal Chloroplasts/Dark

%Transmittance


Time (minutes)
31.3




0

32.5




5

35.5




10

35.8




15
Normal Chloroplasts/Light

%Transmittance


Time (minutes)
32.7




0
54.5




5

63.7




10

65.1




15

Boiled Chloroplasts/Light

%Transmittance


Time (minutes)
32.7




0

32.9




5

33.0




10

32.5




15

No Chloroplasts
%Transmittance


Time (minutes)

31.3




0

31.3




5
31.3




10
31.3




15
Analysis Questions

1. Graph your results using appropriate graphing techniques. Draw all four graphs on the same set of axes. Use colored pencils or different types of lines (solid, dashed, etc.) to distinguish between the tubes. Make sure you include a legend that identifies each graph.

2. Describe the change in appearance, if any, in each tube.

3. Notice that the Normal/Dark shows some increase in transmittance, even though it is kept in the dark. How might you explain an increase in transmittance?
4. There were two controls in this experiment, Normal/Dark and Boiled/Light. Explain the significance of each control. How is the function of the sample without chloroplasts different from that of the controls?
5. What effect does darkness have on the reduction of DPIP? Explain.

6. What effect does boiling the chloroplasts have on the reduction of DPIP? Explain.
