Biochemistry II             Chem 332              

Photosynthesis
Photosynthesis is undoubtedly the most important biochemical process on earth in that it captures light energy for all life in the biosphere.  The equation for photosynthesis in most green organisms is:

2 H2O  +  CO2  +  Light Energy    pigments  >  (CH2O)  +  O2  +  H2O  +  ATP

There are two major parts to photosynthesis, the light reactions and the dark cycle.  In the light reactions, photons of light are absorbed by chlorophylla, chlb and accessory pigments called carotenoids, and the energy is transferred through an electron transport system to make ATP and NADPH + H+.  This, like any photobiological process, requires the identification of the photoreceptor molecule(s) to be studied effectively.  Such a pigment does not absorb light equally from all regions of the spectrum, and hence the absorption spectrum can be matched to the wavelengths of light (that is, the action spectrum) that drives the biological process to identify the molecules involved.  You can take the first step in this analysis by separating the various pigments present in plant leaves by paper, TLC or HPLC chromatography.  You should consider how you might proceed further to isolate pure samples of each and to obtain an absorption spectrum from each.

You can also analyze the products of the dark cycle.  In this pathway the energy saved as ATP and NADPH + H+ is used to reduce carbon dioxide to form a 3-carbon sugar, 3-phosphoglyceraldehyde, which is usually combined with itself to form glucose.  Glucose, in turn, can be polymerized into amylose and amylopectin, the two components of starch.  The presence of starch in a plant region suspected of being photosynthetic is indirect evidence that the process has occurred there, although transport must be recognized as a possibility.  More telling is the absence of starch, which implies the region is not photosynthetic.

Two simple tests will indicate the occurrence of photosynthesis.  Benedict’s Reagent, a blue solution of cupric ions and citrate, will react with reducing sugars like glucose, turning green, orange and/or forming an orange precipitate with increasing amounts of such sugars.  A positive test, therefore, indicates photosynthesis of glucose by the light and dark reactions.  The presence of starch is indicated by the blue/black color of the complexes it forms with iodine.  Iodine will not form complexes with low molecular weight oligosaccharides or monosaccharides.

Object:  To determine the number and colors of pigments present in plants, which are required for photosynthesis, and if all plants make and store starch.

CAUTION:  The solvents used are highly flammable.  Keep the flame used to pull capillaries on a separate bench, and use the solvents in the hoods.  Do not look at the UV light directly.  Wear goggles!

Experiment I:  The pigments of photosynthesis

You can extract a mixture of pigments from leaves (bring a handful of unusually colored ones, if possible) and separate them with chromatography.

Procedure:
1.
Place a handful of chopped leaves (deveined spinach or from your own plant) in a mortar, and sprinkle with sand and CaCO3 (added to neutralize acids which destroy some accessory pigments).

2.
Add 5-10 mL of 85% acetone and grind to a wet pulp with the pestle, adding acetone as needed.  Use all solvents in the hoods.

3.
Transfer the fluid with a Pasteur pipet to a test tube.  You may need to dump the pulp onto a piece of filter paper and gently squeeze the fluid out.

4.
Re-extract the pulp with a small amount of diethyl ether (Flammable!  In the hood!), and combine with the prior extract.  Stir with a glass rod to gently mix.  If the extract doesn’t separate into 2 phases, add dH2O and mix again.

5.
Transfer the ether layer to a small container and concentrate to a very dark green solution with an air stream (in the hood!).

6.
Apply a thin line 1-2 cm from the bottom of the filter paper or TLC strip.  Reapply, drying between applications, until a dark line results.  Dry completely.

7.
Develop in solvent (petroleum ether: acetone = 95:5) in a 250 mL stoppered flask until the pigments are resolved.  Remove and allow to dry in the hood.

8.
Examine the chromatogram under the ultraviolet lamp in a dark room.  Also examine a leaf and the pigment solution.

CAUTION:  Wear eye protection and look at them for only short periods of time.

How many and what color pigments are present?  Which are photosynthetic?

Did any pigments present in the leaves not extract with the solvents?

Do all the plants used contain the same pigments?  Why or why not?

Why do leaves change color in the fall?

Why did the extract glow under the UV lamp and the leaf not?  Explain.

Experiment II:  Coleus colors and photosynthesis
Coleus (and several other plants) have variegated leaves caused by different pigments in different parts of the leaf.  For this exercise, choose a leaf that is brightly colored with a pink center and an outer green margin separated by a brownish band.

1.
Trace the leaf in three places in your notebook.  As accurately as possible, draw in the boundaries between the colors and label them on the first outline of the leaf.

2.
Boil the leaf in a pan of boiling water for about 3 minutes until the water soluble colors are gone.  Which are they?

3.
Transfer the leaf to a petri dish of water and label the colors that are now present on the second outline in your notebook.

4.
Boil the leaf in ethanol until completely decolorized.  (Put ethanol in a beaker covered with a watchglass in the pan of boiling water.)

5.
Transfer the leaf (feel it carefully) to the hot water for a few seconds.  What happens?  Why?

6.
Transfer to a petri dish of water and spread the leaf out.  Pour off the water and cover the leaf with I2/KI solution.

7.
Watch for the iodine staining of the starch present, and record the pattern on the 3rd outline in your notebook.  Pouring off excess reagent and placing the dish over a white surface helps clarify where the leaf has turned black, and where it has just absorbed the reagent.

What color(s) correlate with the location of the starch?

Which pigments (colors) are water soluble and which lipid soluble?  How does this relate to which are photosynthetic and which not?  Support your conclusions.

What causes the pink color and the brownish color of the leaf?  Can you suggest a function for these colors?

Experiment III:  Energy Storage Form
Members of the Lily family (chives, onions, etc.) form shallow bulbs to store the energy they need to survive the winter and reproduce the next season.  In this part of the lab, you will investigate how the energy trapped by photosynthesis is transported and stored in such a plant.

1.
Select 5-6 healthy plants (leaves, bulbs and roots) which have been growing in strong light prior to the lab period.  Wash off the soil.

2.
With scissors, cut the leaves into 1 cm long pieces and fill the bottom of an 18 x 150 mm test tube with them.

3.
Cut up the roots and bulbs into similar pieces into a separate test tube.

4.
Add about 2 mL of dH2O into each tube to just cover the plant material, and the same amount into a third tube as a control.

5.
Cook all three tubes in a boiling water bath for about 15 minutes.

6.
Prepare three clean tubes by adding 2 mL of Benedict’s Reagent to each and labeling them (leaves, bulbs and control).

7.
Carefully pour the water from the cooked plant parts into the paired tubes of reagent, and put these reagent tubes into the boiling water bath.  Check occasionally for color changes (less than 15 minutes is enough).

8.
Add hot ethanol to the two tubes with leaves and bulbs, and cook these in the water bath until the leaves have decolorized.  Discard the ethanol being careful to retain the plant parts in the tubes.  Add some hot water to each and discard the water, too.

9.
Add the I2/KI solution to both tubes.  After a few minutes, pour off the reagent and add some water to look for the black, starch reaction.

Does this plant make sugars by photosynthesis?  See the Benedict’s results.

Does this plant make starch?  and store it in the leaves or roots/bulbs?  How do you explain the I2 test results?

Why are these plants prized in cooking, and what type of compound is responsible for this characteristic?  Does this suggest an explanation for your prior result?
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