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(b) Purple, blue, orange, and red are least visible in spinach leaves. This is because these colours are most absorbed by the pigments in spinach. (c) Green and yellow wavelengths are the least absorbed in the pigment extract. Chlorophyll reflects the green light rather than absorbing it. (d) The pigment most responsible for the peak at 670 nm is chlorophyll a. (e) There are no peaks between 500 nm and 620 nm, because chlorophyll does not absorb green light. (f) Chlorophyll a, chlorophyll b, and carotenoids pigments are responsible for absorption in the range of 400 nm to 480 nm.



Making Connections 12.(a) A bract is a modified leaf that encases the flower and then subtends it after the flower has opened. In a poinsettia, the red leaves are bracts, whereas the actual flower of the poinsettia are the yellow buds at the centre of the plant. (b) Poinsettia bracts usually turn from a cream colour to bright red at about Christmas time (late December), even in the wild. (c) Poinsettias are mainly popular at Christmas because of their festive green and red colouration. There is, however, a Mexican folk tale with a Christmas connection. It is said that a young peasant girl prayed for some red flowers to put on an altar for Christmas Eve. An angel appeared to answer her prayer and turned all of the weeds surrounding the girl’s hut to poinsettias. The poinsettia made it into the United States and Canada when the U.S. ambassador to Mexico, Joel Roberts Poinsett, travelled into Mexico in the late 1820s. He liked the red-leaved plants that he saw in Mexico so much that he dug up some, took them back to his South Carolina home, and put them in his greenhouse. They did quite well and by the time he died in 1851, the poinsettia was a popular plant in the United States. 13. Gro-Lux, Plant-Gro, and other specialty fluorescent lamps are designed to provide a balance of red and blue light suited for plant growth. However, in most cases, it is the quantity and brightness of light that is more important than the quality of the light for ideal plant growth conditions.



3.3 PHOTOSYNTHESIS: THE DETAILS Try This Activity: Chlorophyll Fluorescence (Page 157) (a) The greenish solution appeared to have a reddish tinge. (b) The green leaf appeared green from all angles. (c) The chlorophyll solution changed to a reddish colour when bright white light was shone on it. The red light was emitted by the excited electrons of chlorophyll molecules that had absorbed a photon of light. An electron in the chlorophyll molecule becomes excited when it absorbs electromagnetic radiation, and, since there is no compound available to accept the excited electron in a solution containing only chlorophyll molecules, the excited electron returns to its lowest energy level, reemitting the radiation it originally absorbed. This reemission of absorbed radiation is termed fluorescence. (d) The leaf did not appear reddish because photosynthesis will capture the energy and the carotenoids present in the leaf dissipate the excess absorbed energy as heat.



Case Study: Discovering Metabolic Pathways (Page 164)



Applying Inquiry Skills 1.



2.
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Calvin may have performed the following procedure with his “lollipop” apparatus: 1. Expose suspensions of the green algae Chlorella to 14CO2(g) for 1-, 2-, 5-, 10-, 15-, 20-, 25-, 30-, 35-, and 45-second intervals. 2. Perform two-dimensional chromatography on each sample and create an autoradiogram. 3. Identify the type and relative amount of the compounds that appear on each autoradiogram. 4. Perform steps 1 to 3 five times and compare the results. New compounds formed sequentially in the Calvin cycle would appear sequentially in the resulting series of autoradiograms. The chemical identity of a particular spot on an autoradiogram could not be determined by chemical analysis because the spot only indicates the presence of radiation on the two-dimensional chromatogram. You would need to analyze the corresponding spot on the chromatogram to determine the identity of the chemical.
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3.



The identity of a particular spot on an autoradiogram could be determined by analyzing the corresponding spot on the chromatogram. Also, by running a known chemical that is radioactive under similar chromatographic conditions, you could ascertain the identity of an unknown spot if it had an identical location to the standard, as in the following figure.



Individual amino acids may be identified by producing chromatographs of individual amino acids (e.g. phenylalanine) under the same conditions as the mixture and comparing the positions of the spots for positive identification. Since the phenylalanine spot in (b) corresponds to the circled spot in (a), the circled spot is assumed to be phenylalanine.



Making Connections 5.



The technique of two-dimensional chromatography and autoradiograms can be used in science to study the metabolism of any organic substance by living systems. In medicine, radioactive substances are used to study human anatomy and function, and law enforcement could use this technique in DNA fingerprinting.



Section 3.3 Questions (Pages 166–167)



Understanding Concepts 1.



Ground state: the state of a chlorophyll molecule when all the electrons are in their lowest energy levels. Excitation: the process whereby a molecule absorbs a photon of light energy and one electron moves to a higher, less stable energy level. Fluorescence: the emission of electromagnetic radiation, always with a longer wavelength than the excitation light energy, from an excited molecule as an electron returns to its ground state. 2. (a) The primary function of photosynthesis is to capture electromagnetic radiation and convert it to chemical potential energy. (b) The light reactions of photosynthesis occur on the thylakoid membranes of chloroplasts. (c) The products of noncyclic electron flow light reactions are ATP and NADPH. (d) The products of the light reactions are used during the Calvin cycle. 3. (a) The gas released as a byproduct of the light reactions of photosynthesis is oxygen, O2(g). (b) The two water molecules are split to produce one molecule of oxygen gas. 4. (a) Two electrons must be removed from photosystem II to reduce one molecule of NADP+ to NADPH. (b) Q, b6-f complex, and plastocyanin act as electron carriers between PS II and PS I. (c) The free-energy that the electrons lose in this process is lost as heat.
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5.



A chlorophyll molecule absorbs a photon of light energy, an outermost electron jumps to a higher energy orbital, and the molecule is considered to be in an excited state. The excited chlorophyll passes its energy onto other chlorophyll molecules until it reaches P680, which loses this high-energy electron to Q. Q passes the electron to an electron transport chain. This occurs twice, causing two electrons to go through the chain. A Z protein splits water into oxygen, hydrogen, and electrons. Two of these electrons are used to replace the electrons lost from P680. During the Q cycle, the electrons are transferred to b6-f complex, then to plastocyanin, and finally to P700, which has just lost electrons from being hit by a photon, losing energy at each transfer. P700 receives energy from its accessory pigments and loses the electrons to ferrodoxin, which transfers the electrons to NADP reductase, which reduces NADP to NADPH to be used in the Calvin cycle. 6. A: Z protein B: b6-f complex C: photosystem I D: NADPH E: ATP synthase 7. (a) The herbicide 3-(3,4-dichlorophenyl)-1,1,-dimethylurea (DCMU) will not affect ATP initially, because of cyclic electron flow; however, NADPH cannot be produced because electrons are not released. After a short time, depending on light intensity, ATP synthesis will stop because of the absence of reactants ADP and Pi. (b) DCMU is an effective herbicide because it prevents the Calvin cycle from functioning and no glucose or sucrose is created. The plant starves to death. 8. (a) Item (i) evolution of O2 (ii) production of NADPH (iii) production of ATP (iv) enabling the Calvin cycle to fix CO2(g)



Noncyclic electron flow yes yes yes yes



Cyclic electron flow no no yes yes



(b) Cyclic electron flow supports photosynthesis by providing the extra ATP molecule required to produce glyceraldehyde 3-phosphate during the Calvin cycle. 9. (a) The enzyme that catalyzes the carbon fixation reaction of the Calvin cycle is ribulose bisphosphate carboxylase/oxygenase (rubisco). (b) The two substrates of rubisco are ribulose bisphosphate and carbon dioxide. (c) The product of the rubisco enzyme is 3-phosphoglycerate. (d) The reaction involving rubisco occurs in the stroma of the chloroplast.



52



Unit 1 Metabolic Processes



Copyright © 2003 Nelson



10.(a) A suspension of isolated chloroplasts will not produce G3P in the dark when given CO2 and H2O, because there is no ATP and NADPH present from the light reactions of photosynthesis. (b) Light energy would have to be added to the test tube to produce G3P. 11. The final product of the Calvin cycle is glyceraldehyde 3-phosphate (G3P). G3P can be used in the chloroplast to produce glucose, which can be stored as starch, or exported to the cytoplasm to be used directly or indirectly as sucrose in cellular respiration, or transported to other parts of the plant as sucrose by translocation. 12. Twelve carbon dioxide molecules must enter the Calvin cycle to produce one molecule of sucrose, which requires 36 ATP, 24 NADPH, and 36 photons. 13. One molecule of phosphoglyceraldehyde has more energy than three carbon dioxide molecules, because phosphoglyceraldehyde contains some of the light energy that was absorbed in the light reactions of photosynthesis.



Applying Inquiry Skills 14. The photosynthetic rate of the bean plant exposed to blue light will be much higher than the bean exposed to green light because the pigments in the chloroplasts absorb more light in the blue wavelengths and blue light has more energy than green light. 15.(a) If you wanted to show that the chlorophyll in spinach leaves fluoresces under bright white light, you would need to extract the chlorophyll pigments from the leaves by pouring hot ethanol over them and collecting the extract into a flask. After you have obtained the extract, shine bright light onto the flask, and you should observe the colour green very clearly, as it is the colour least absorbed by chlorophyll. The colour red should be faintly visible. The red colour comes from the excited chlorophyll molecules as they fluoresce back to the ground state. (b) The chlorophyll will still fluoresce if bright green light is shone on it because some energy is still absorbed, just not as much.



Making Connections 16.(a) Remote sensing systems can detect vegetation distribution, plant age, leaf pigmentation values, water status, mineral stresses, and the overall health of leaves. (b) In many cases, farmers raise very large amounts of crops that cover a very large area. It would be too time consuming to assess overall plant health by personal observation. In some cases, plants are in inaccessible locations. (c) Remote sensing is usually used with major cereal, fibre, and oilseed crops.



3.4 ALTERNATIVE MECHANISMS OF CARBON FIXATION Section 3.4 Questions (Page 172)



Understanding Concepts 1. (a) Photorespiration refers to the addition of oxygen to ribulose bisphosphate to produce phosphoglyceraldehyde and glycolate, which subsequently releases carbon dioxide. (b) Oxygen gas competes for the binding site of the enzyme rubisco. (c) Approximately 20% of the fixed carbon is lost to photosynthesis. (d) Photosynthesis produces glyceraldehyde 3-phosphate (G3P), while photorespiration produces phosphoglyceraldehyde and glycolate. 2. As temperature increases, the amount of photorespiration in C3 plants increases, as does the rate of photosynthesis. However, the optimum temperature for photorespiration is higher than that for photosynthesis, so photorespiration rates may still be increasing even though photosynthesis rates are decreasing. 3. (a) A: oxaloacetate B: carbon dioxide C: pyruvate D: mesophyll cell E: bundle-sheath cell (b) Malate and pyruvate move through plasmodesmata. 4. (a) C4 plants grow best in hot, wet environments whereas CAM plants grow best in hot, dry environments. (b) C4 plants: corn and sugar cane CAM plants: pineapple, any succulent including cacti and jade plants 5. The structural evolution of rubisco indicates that when rubisco was created, the atmosphere was probably rich in CO2 and poor in O2. When photosynthesis evolved in early prokaryotes, rubisco was used to fix carbon dioxide. Oxygen began to accumulate in the atmosphere as a byproduct of photosynthesis. This made the atmosphere hospitable for eukaryotic heterotrophic organisms. Rubisco was used to fix oxygen once the atmosphere became rich in it, but some plants evolved Copyright © 2003 Nelson
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