Name_______________________________


Plant Physiology Problem Set 2 (50 points)

Due in class Mon., Feb 27, 2006. 

1. We’ve discussed the fact the mycorrhizae can improve plant nutrient acquisition because fungal hyphae greatly increase the surface area available for exploration of the soil and absorption of nutrient molecules.  If a plant can “invest” 100 grams of carbohydrates to build either new roots or mycorrhizal hyphae (both cylindrical in shape), how much length and surface area would it get from roots (assume an average diameter of 10-3 m) vs. hyphae (assume average diameter of 10-4 m). Assume that the average density of roots and hyphae is the same and equal to 0.1 g cm-3 (105 g m-3). 

You’ll need the formulae for volume and surface area of a cylinder.

Volume = r2 x length, where r is the radius.  Surface area = d x length, where d is diameter. 

To get started, you need to know what volume to use in order to get length from the volume equation.

Density = mass/volume, so volume = mass/density = 100g/0.1g cm-3 = 1000 cm3. This is 0.001m3. 

Now put this volume into the first equation: 0.001m3 = r2 x length

Substitute the two values of r (= d/2) given for roots and hyphae and solve for length in each case. 



Roots




hyphae



0.001m3 =  (0.0005m)2 x L  


0.001m3 =  (0.00005m)2 x L
L = (0.001m3)/( (0.0005m)2)


L = (0.001m3)/( (0.00005m)2)

L = (0.001m3)/7.854 x 10-7 m2


L = (0.001m3)/7.854 x 10-9 m2
L = 1274 m





L = 127388 m

Conclusion: the same mass can make 100 times more root length of hyphae than roots!

Use the values of length to calculate the surface area of roots and hyphae.

Surface area = d x length



Roots




hyphae



S.A. =  (0.001m) x 1273 m


S.A. =  (0.0001m) x 127388 m

S.A. = 3.99 m2



S. A. = 40.0 m2
Conclusion: the same mass can make 10 times more surface area of hyphae than of roots. 

2. Use the Nernst equation to determine the expected concentration of NO3-  in the cytosol if the external concentration is 3 mM and the plasmamembrane potential is –150mV (assume 25 0C).  What would you infer about the energy requirement for maintenance of a concentration in the cytosol that is higher than your predicted value? (8)

First you should think about the situation. The plant cell plasmamembrane is polarized so that it’s negative inside compared to outside. So, you should expect that NO3-, being an anion, will be repelled by the inner membrane and the NO3- concentration will be lower inside than outside if the electrical potential is the only influence. This is what the Nernst Equation is used for, to understand the concentration gradient of an ion at the equilibrium established by the membrane potential.

Next, be sure you understand what you’re goal is. In this case, you want to determine the concentration, in units of millimolar (mM) or molar (M) expected inside the cell when you’re given the outside concentration and all of the other terms in the Nernst equation. 

The Nernst Equation

Ej = 2.3RT log (Cout/Cin)


    zF

-0.150 volts = 2.3 (8.314 J mol-1 K-1)* 298K  log (3mM/Cin)


            (-1)(9.65 x 104 J mol-1 volt-1)

do the math

2.54 = log (3mM/Cin)

102.54 = 3mM/Cin
Cin = 3mM/102.54
Cin = 3mM/347 

Cin = 0.0087mM, or 8.7 x 10-6 M

This is the equilibrium concentration that is expected based on the membrane potential. Note that it is much lower than the outside concentration, which is what you should have expected because of the negative inner membrane potential. 

If you observed a concentration in the cytosol that is higher than this, then you could conclude that active transport is involved with pumping nitrate into the cell. 

3. Describe primary and secondary active transport. How do they differ? Give a specific example of solute transport by each of these mechanisms.  Include a drawing of these modes of transport across the plasmamembrane of a plant.  (8)

Primary active transport is transport that is directly coupled to the use of energy, generally as ATP hydrolysis. The major active transport in cells is the pumping of protons across membranes via the H+-pumping ATPase.  Secondary active transport is transport that uses the conditions established by primary active transport. Secondary active transport does not require energy directly, but does indirectly. For example, nitrate can be transported by a H+/NO3- symport that moves both H+ and NO3- into plants cells, with the NO3- movement up its concentration being coupled to the movement of H+ down the concentration gradient that was established by primary active transport.  See drawings in the book and lecture notes. 
4. Cyanide containing compounds are extremely toxic to animals and plants. Describe how cyanide poisoning affects the electrical potential and pH gradient across the plasmamembrane.  Give one specific example of how this would affect transport of a solute.  (8)

Cyanide poisons the mitochondria and stops ATP production. Without ATP, the H+-pumping ATPase cannot operate. If H+ is not pumped out of the cell, then two things happen. First, the membrane will depolarize, becoming less negative, because the positive charges (H+) are not moved to the outside of the cell. Second, the pH gradient will dissipate because the outside of the membrane will no longer be acidified by the H+ that were moved there. This would affect secondary active transport of anything dependent on the proton motive force. An example would be that the H+/sucrose transporter would be inhibited. 
5. Read one paper on some aspect of solute transport in plants from the published scientific literature.  (Many relevant journals are available through the Cline website. You may also find links to articles via a web search engine such as Google or Yahoo.) Send me the pdf of the article and briefly (c. two paragraphs) describe how what you learned from the article relates to an aspect of solute transport that we’ve covered in class. 

