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Photosynthesis
I. A  Dicotyledonous  Leaf

Examine a cross section of the leaf of privet (Ligustrum) or lilac (Syringa). There are three major regions: the epidermis forming a single layer over both surfaces, the ground parenchyma (in this case called mesophyll), and the vascular system or veins. Observe each of these regions.

A. EPIDERMIS. Compare the cells on the upper and lower surface of the leaf for wall thickness, thickness of cuticle, occurrence of stomata, presence of hairs, etc.

	
	
	Cell Walls
	Cuticle
	Stomata
	Hairs

	
	Upper

Epidermis
	thick    thin
	thick    thin
	many    few
	present    absent

	
	Lower

Epidermis
	thick    thin
	thick    thin
	many    few
	present    absent


Are there any spaces between cells other than the stomata?
 EQ \x(  yes      no  ) 
B. MESOPHYLL. The bulk of the tissue in the leaf contains chloroplasts and carries on photosynthesis. Note the layer of PALISADE parenchyma just below the upper epidermis.

How many layers of palisade are there?
 EQ \x(  none    one    more than one  ) 
How much of the thickness of the leaf does it make up?

%

Look carefully at the arrangement of the cells.

Is there intercellular space?
 EQ \x(  yes      no  ) 
The mesophyll between the palisade tissue and the lower epidermis is the SPONGY parenchyma. How does it compare to the palisade tissue in shape of cells, number of chloroplasts per cell, volume of intercellular spaces, and total amount of cell surface exposed to the internal atmosphere?

	
	
	Palisade
	Spongy

	
	Cell Shape
	elongate    spherical
	elongate    spherical

	
	# Chloroplasts
	more    fewer
	more    fewer

	
	Gas Space Volume
	more    less
	more    less

	
	Cell Surface Area
	more    less
	more    less
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C. VEINS. Where do the veins occur relative to the two types of mesophyll cells?


 EQ \x(  within the palisade      between the layers      within the spongy  ) 
Is the mesophyll continuous around small veins?
 EQ \x(  yes      no  ) 
Is it continuous around large veins?
 EQ \x(  yes      no  ) 
Veins may be surrounded by a compact layer of parenchyma cells, the BUNDLE SHEATH. If present, it continues around even the smallest vein endings which may consist of a single tracheid and a phloem parenchyma cell. In the region of larger veins these compact cells may extend from the vein to the upper epidermis or to the lower epidermis or to both. Locate the xylem and phloem in the veins.

Which is toward the upper (adaxial) surface of the leaf?
 EQ \x(  xylem      phloem  ) 
Which is toward the lower (abaxial) surface?
 EQ \x(  xylem      phloem  ) 
This relative position of xylem and phloem is a much better indication of leaf blade orientation than is the position of palisade tissue and stomata; the latter may vary while the former does not.

Below, diagram a portion of the cross section of the leaf which includes one larger vein. Outline the various regions in correct proportion to one another. In one part of the blade, draw in the cell characteristics of about four or five palisade cells and a few cells of spongy mesophyll near the edge of a small vein. Show their size, shape, wall thickness, chloroplasts, and intercellular spaces in correct proportion to one another. The thickness of the blade should be at least 8 cm in your drawing.

Cross Section of a Typical Mesophytic Leaf. Label completely!

Upper Epidermis

Palisade Mesophyll

Bundle Sheath

Xylem

Phloem

Spongy Mesophyll

Gas Space

Lower Epidermis

Guard Cell

Stoma
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II. Is it really gas, and do the stomata really allow for gas exchange?

Based upon your observations of the epidermis and the leaf cross section today, you might believe that the spaces between mesophyll cells contain gas, water, or both, and that the guard cells regulate how much gas is lost from the leaf. How might we demonstrate that? Let's use the scientific method:

Observation: Leaves appear to contain spaces for gas between cells. When gas is heated it expands (pV=nRT  or  V= EQ \f(nRT,P) ). Gas is invisible unless it is held in liquid. More guard cells appear in the lower epidermis than in the upper epidermis in mesophytic leaves.

Question: Do leaves contain gas and do the guard cells provide an exit for gas?

Hypothesis: Leaves do not contain gas nor do the guard cells provide an exit for gas.

Prediction: If the hypothesis is true, then the gas in a leaf should not rapidly expand nor escape from the guard cells when the leaf is plunged into and held in nearly-boiling water. Moreover, more gas should certainly not appear to be bubbling from the lower epidermis than from the upper epidermis.

Experiment (or Method?________   Why?_________________________________________):

Remove a leaf from one of the plants provided in the room and hold it gently and securely with tongs or large forceps. The leaf must be able to be held in a plane parallel to the gravity vector (up and down), so you may observe both surfaces of the leaf. Plunge and hold the leaf in this position in nearly-boiling water. Observe for any bubbles emerging from the epidermi.

Analysis: Which surface produced the most bubbles?
 EQ \x(  upper      lower      neither  ) 
Which surface produced the largest bubbles?
 EQ \x(  upper      lower      neither  ) 
Decision: I     EQ \x(  reject      cannot reject   )   the hypothesis.

Does your project tell you whether the spaces in the leaf contain water?
 EQ \x(  yes      no  ) 
What word describes the stomatal distribution for your leaf?

  amphistomatic    epistomatic    hypostomatic  
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III. Photolysis: The Hill Reaction

The initial steps of photosynthesis involve splitting water (photolysis) to provide electrons to flow through the light reactions of photosynthesis in chloroplasts:  H2O -----> 2H+ + 2e- + 1/2 O2
How might one observe photolysis? Obviously one could monitor the production of oxygen using isolated chloroplasts in an expensive oxygen electrode. This device works much like a pH meter electrode but has a delicate plastic membrane and all operations must be carried out in an air-tight cuvette with proper mixing. You can also measure the oxygen around a leaf sealed in an airtight cuvette with a similar electrode for measuring oxygen gas in air.

Alternatively one might remember from our project today that there is gas space between the cells in the leaf and, from General Chemistry (Che 210), that gases such as oxygen are less dense than water.  From Physics (Phy 204) you might want to recall the gas law: PV=nRT. Since cells are approximately 0.4 osmolar, a leaf lacking intercellular gas should sink in water. A leaf with significant gas-filled space should float in water.

Hypothesis: Leaves produce oxygen gas by photosynthesis.

Prediction: If the hypothesis is true, then leaf discs from which we have gently removed their gas by aspiration (and therefore sink in a solution) will refloat as the leaf produces gas by photosynthesis in light but will not refloat as quickly in the dark.

Initial Observation: Punch out ten discs from a green Dieffenbachia leaf using the hand punch. Place an equal number (10) of the discs in a 20 mL syringe body. Immediately fill the syringe body with the buffer provided (0.05 M Potassium phosphate pH 6.8 with 0.01M NaHCO3 [8.7 g K2HPO4 + 8.7 g KH2PO4 + 0.84 g NaHCO3 per L]). Notice that they float! Apply a vacuum by pulling back on the plunger while blocking the Luer-lok tip with a piece of rubber stopper. Observe that the gas in the discs expands at lower pressures (V=  EQ \f(nRT,P) ) and escapes from stomata and around the cut edges of the disc. Apply and release the vacuum repeatedly while swirling (to break the bubbles from the edge) until all of the discs in the syringe are no longer floating. Stand the syringe on its plunger about 10 cm from an exposed fluorescent light bulb. Observe for several minutes noting changes over time (obviously make note of the starting and ending time).

Experiment: Now you design an experiment that will test the hypothesis through the prediction.  Obviously you need a control (repeat of above) to run in a syringe next to your treatment (testing the light variable).  You might notice a black film can is among your "tools" in the kit. Record your results carefully to quantify differences between your control and manipulated syringes.

	Disc
	Buffer
	Light
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	min

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	


Analysis: Compare the results of the two syringes.

Decision: I   EQ \x(   reject     cannot reject   )   the hypothesis based on this prediction.

Conclusion:
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This first experiment tested the hypothesis through the light variable. Now design and carry out more experiments to test the hypothesis through the chlorophyll variable, the carbon dioxide variable, and through the respiration interaction, etc. Can you find the compensation point? Record your experiments and results below.

Chlorophyll variable:

	Disc
	Buffer
	Light
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	min

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	


Conclusion:


Carbon dioxide variable:

	Disc
	Buffer
	Light
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	min

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	


Conclusion:


Respiration interaction:

	Disc
	Buffer
	Light
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	min

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	


Conclusion:


Compensation point:

	Disc
	Buffer
	Light
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	min

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	


Conclusion:
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Interesting reading:
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Steucek, G. L. and Hill R. L. 1985. Photosynthesis I: An assay utilizing leaf disks. The American Biology Teacher 47: 96-99.

Steucek, G. L. and Hill R. L. 1985. Photosynthesis II: An assay for herbicide resistance in weeds. The American Biology Teacher 47: 99-102.

Tatina, R. E. 1986. Improvements to the Steucek and Hill assay of photosynthesis. The American Biology Teacher 48: 364-366.

Wickliff, J. L. and R. M. Chasson. 1964. Measurement of photosynthesis in plant tissues using bicarbonate solutions. Bioscience 14: 32-33.

IV. The pigments of photosynthesis

Hopefully today you have learned that photosynthesis requires light of enough energy trapped initially by chlorophyll to split a water molecule to makes oxygen gas and requires carbon dioxide, We have not yet demonstrated that a carbohydrate is made.

For our academy, your district is being given a Sony S650 digital camera. Today I would like to put that camera to use. Of course you may sketch the results manually as we go, but using the camera should make documenting your results far more precise.

You will be supplied with a leaf of some plant with multi-color leaves, such as Coleus blumei or Caladium hortulanum or Hypoestes phyllostachya.

1. ( Take a macro photograph of your leaf (get close up so that the leaf fills the photo).

2. Place your leaf in a beaker of hot water for a few minutes.

Which pigment of your leaf is water-soluble?   anthocyanin    chlorophyll  
( Take another macro photograph of your leaf to document the result.

3. Place your leaf in a beaker of warm alcohol (((( ~) for a few minutes.

Which pigment of your leaf is alcohol soluble?   anthocyanin    chlorophyll  
( Take another macro photograph of your leaf to document the result.

Put the concentrated chlorophyll solution from the beaker in front of a strong light source. When it cannot use the light energy for photosynthesis,

what color does the chlorophyll fluoresce?________________

4. Place your leaf in a beaker of room temperature iodine solution (Ã I2KI meaning 5 g I2 + 10 g KI per 100 mL dH2O) for a few minutes. While you are waiting, put a drop of iodine solution on a paper towel, or on a tiny bit of corn starch.

What color indicates a positive test for starch?____________________

After you remove the leaf from the iodine, a brief rinse in a beaker of room temperature water would be helpful.

Which pigment is distributed most like the starch?   anthocyanin    chlorophyll  
( Take another macro photograph of your leaf to document the result.

Conclusion:
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