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Plant Physiology, Spring 2006, Exam 2

There are 100 total points and 12 questions. Be sure to answer all parts of all questions, and please write neatly.

1.  Explain how C4 photosynthesis suppresses photorespiration and why C3 photosynthesis does not. Include in your explanation a description of the differences in the major enzymes and cell types that are involved. Use a drawing to aid your written explanation. (9)

C4 photosynthesis suppresses photorespiration by increasing the concentration of CO2 at the enzyme Rubisco (Ribulose bisphosphate carboxylase oxygenase), which reduces the oxygenation activity that initiates the photorespiratory reactions. (C4 photosynthesis does not reduce the concentration of O2 at Rubisco.) The increase in CO2 concentration by C4 photosynthesis is accomplished in a two step process. First, PEPcarboxylase catalyzes the binding of HCO3- to PEP in the mesophyll cells, forming a 4 carbon organic acid. This is then transported to the bundle sheath cells, which are not present in C3 plants, where the CO2 is decarboxylated and fixed by Rubisco and the normal Calvin cycle. The transport of organic acids into the bundle sheath cells is sufficiently rapid to increase the CO2 concentration well above the levels in the mesophyll cells and effectively outcompete O2 for the active sites of Rubisco. 

2. Use the Nernst equation to calculate what concentration of cytosolic potassium is expected if the external concentration is 2mM. Assume a membrane potential of -150mV and a temperature of 250C. (7) 

You should first know that you expect to find a higher concentration of K+ inside because it is positively charged and will be drawn in by the negative membrane potential. To do the problem quantitatively, use the equation below to solve for Cin. 

En = (2.3RT/zF)log(Cout/Cin)

-0.15 V = (2.3 x 8.314Jmol-1K-1 x 2980) x log (2mM/Cin)
                 (+1 x 9.65 x 104 Jvolt-1mol-1) 
-0.15 = 0.05905 x log (2mM/Cin)

-2.54 = log (2mM/Cin)

10 -2.54 = 2mM/Cin

Cin = 2mM/10-2.54
Cin = 2mM/.002884

Cin = 693mM THIS IS THE EXPECTED INTERNAL CONCENTRATION OF K+.

3. Explain how the formation of a proton motive force differs between the thylakoid membranes and the plasmamembrane. (10)

The main difference is that the p.m.f. originates with the absorption of light energy in the thylakoid membranes vs. by the hydrolysis of ATP at the plasmamembrane. Light absorption enables the water splitting reaction and the oxidation of PQH2 to acidify the lumen, raising the H+ concentration relative to the stroma. This p.m.f. can then be used for a variety of purposes, including the synthesis of ATP via the H+/ATP synthase.  In contrast, ATP is used to generate the H+ gradient across the plasmamembrane. ATP hydrolysis is coupled to H+ transport from the inside to the outside of the cell, acidifying the cell wall space and increasing the membrane electrical potential.  

4. Are mycorrhizal associations more beneficial for acquisition of soil nutrients that diffuse rapidly or slowly?  Explain (8)

Mycorrhizal associations are more beneficial for acquisition of soil nutrients that diffuse slowly. For such nutrients, strong depletion zones develop around roots. Mycorrhizal hyphae are able to extend beyond the depletion zones of roots and access nutrients such as NH4+ or PO4-3 that diffuse slowly. Mycorrhizal associations don’t provide such an important benefit for rapidly diffusing nutrients such as NO3- because strong depletions zones don’t occur and diffusion to the root surface is less limiting to plant acquisition. 

5. Define the following (3 each).

a. Cation exchange capacity – the ability of a soil to bind cations (positively charged ions) such as K+, C+2, Mg+2, etc. A common index of soil fertility. 

b. Photosynthetically active radiation – the portion of the electromagnetic radiation spectrum that can be used in photosynthesis; light in the range of 400 to 700 nm wavelength.
c. Nutrient depletion zone – the zone around roots (or fungal hyphae) in which the concentration of nutrients is lower than in the bulk soil because of the uptake by roots or hyphae. 
6. Consider two identical leaves, one absorbing only blue light and the other absorbing an equal amount of energy (Joules m-2s-1) as only red light.  Assuming that neither leaf is receiving enough energy to saturate the photosynthetic rate, which leaf (the one in blue light or red light) should have a higher photosynthetic rate? Explain. (8)

The leaf absorbing red light should have a higher photosynthetic rate. For an equal amount of energy absorbed, there will be more red light photons absorbed because each red light photon has less energy than each blue light photon. Because red light photons have enough energy to drive the activity of the photosystems, there will be a higher electron transport rate in red than blue light. Because each blue light photon has more than enough energy to drive the Z scheme, some of the energy will not be used in photosynthesis, lowering the overall efficiency. 
7. What are the 3 major photosynthetic pigments in higher plants? Which of these acts primarily as an antenna or accessory pigment? (4)

Chlorophyll a, chlorophyll b, and carotenoids, that latter are primarily antenna pigments.

8. Draw a figure depicting the major aspects of the “Z” scheme of photosynthesis and its orientation within the thylakoid membranes of the chloroplasts. Be sure to label the two photosystems, the general pattern of electron flow, the origin and orientation of the p.m.f., and the water splitting reaction, and the sites of production of the two major products of the light reactions. (10)

See the figures in text and lecture notes.

9. Use the graph below to draw two curves illustrating the differences in the response of photosynthesis to light level for C3 and C4 plants.  Note on the graph the following features of the light response curves: a) the light compensation point, b) the quantum yield, c) the light saturation level, and d) the dark respiration rate.  Be sure to indicate which curve is for the C3 plant and which is for the C4 plant. Explain why the quantum yields differ. (10) We’ve gone over this – the key difference is the quantum yield which is lower for C4 plants because of the extra ATP cost (more light) needed to fix each CO2. For the same reason, the light compensation point ande saturation level is often higher in C4 plants also. 
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10. Describe the four functional groups of plant mineral nutrients and name one nutrient for each of the four groups (8)

a. Those in organic compounds – N, S

b. Those involved in energy relations – P

c. Those that are active as ions – Cl-, K+, Ca+2, etc.

d. Those involved in REDOX reactions – Fe, Mo, 

11. The graph below shows patterns of stable isotope composition of plants and soil carbon at different sites along the elevational gradient on the San Francisco Peaks. Identify which curve is for C3 plants, which is for C4 plants, and which is for the mineral soil carbon.  What is the major environmental factor that causes the variation in stable carbon isotope values of the open squares along the elevational gradient, and how does it influence d13C? (8)

The filled squares are the C4 plants, the open squares are the C3 plants, and the open circles represent the soil carbon, which derives inputs from both C3 and C4 plants.  The major environmental factor that causes the variation in the C3 plants’ carbon isotope value is water stress, which is lower at higher elevations than at lower elevations.  With less water stress, the internal CO2 concentration will be higher (Ci/Ca, higher), and the Rubisco will show greater discrimination against 13CO2., resulting in more negative 13C values than with greater water stress. 

12. The host plant of the moth Cactoblastis is a species of Opuntia cactus, an obligate CAM plant that occurs within a community of C3 species. The Cactoblastis moth apparently locates Opuntia plants at night without using visual cues, but by landing on leaves and probing the boundary layer of air very close to the leaf surface with CO2 sensitive antennae. Using your burgeoning knowledge of plant gas exchange, speculate as to the kind of information the moth might be using to know if it’s found its host or not. (8)

The main point was to recall that CAM plants open their stomates and take up CO2 at night, while C3 plants have their stomates closed and are losing CO2 via respiration at night. Thus, the moth might use its CO2 sensing antennae to detect a lower CO2 concentration near the leaf surface of CAM plants than C3 plants. It might also be able to detect the difference in the CO2 concentration gradients near the surface of CAM and C3 plants; the concentration would decrease with proximity to the CAM leaf surface and increase with proximity to the C3 leaf surface.
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En = (2.3RT/zF)log(Cout/Cin)
h = 6.626 x 10-34  J s

C = 3 x 108 m s-1 


E = hv
F = 9.65 x 104 J volt-1 mol-1

R = 8.314 J mol-1 K-1, or 8.314 m3 Pa mol-1 K-1
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