CBSE CLASS XII BOTANY
Photosynthesis
One mark questions with answers
Q1. Name the universal photosynthetic pigment. Why is it called so?
Ans1. Chlorophyll 'a' is the universal photosynthetic pigment. It is called so because it is present in all photoautotrophs (oxygenic) except bacteria.
Q2. Explain why a large number of gas bubbles are evolved during the day time in a pond full of green plants, but not at night.
Ans2. During daytime, due to the presence of sunlight, photosynthesis occurs in green plants (mostly algae) present in the pond and oxygen is released in the form of bubbles. At night, due to absence of sunlight, no photosynthesis occurs and the air bubbles are absent.
Q3. Name the organelles involved in photorespiration.
Ans3. Mitochondria, Chloroplasts and Peroxisomes are involved in photorespiration.
Q4. What are quantasomes?
Ans4. Quantasomes are the functional units of chloroplasts that trap the radiant energy. It is believed that they are separable units of the thylakoid membranes and are made up of 280 pigment molecules, 160 chlorophyll 'a' molecules, 70 chlorophyll 'b' molecules and 50 carotenoid molecules.
Two mark questions with answers
Q1. Enlist some points of difference between Chlorophyll 'a' and Chlorophyll 'b'.
Ans1.
	CHLOROPHYLL 'a'
	CHLOROPHYLL 'b'

	1. It is bluish green in colour.
	1. It is olive green in colour.

	2. It is more soluble in petroleum, ether as it is less polar than chlorophyll 'b'.
	2. It is more soluble in 92% methyl alcohol as it is more polar than chlorophyll 'a'.

	3. It possesses methyl group at Carbon-3 in II pyrrole ring.
	3. It possesses formyl group at Carbon-3 in II pyrrole ring.

	4. Its empirical formula is C55H72O5N4Mg and its molecular weight is 893.
	4. Its empirical formula is C55H70O6N4Mg and its molecular weight is 907.


Q2. Give the salient features of Kranz Anatomy.
Ans2. Kranz anatomy of leaf is characterized by the following features:
1. Mesophyll is undifferentiated into spongy and palisade parenchyma. The mesophyll cells are arranged in concentric layers around the vascular bundle like a wreath (Kranz = Wreath).
2. Bundle Sheath cells are large, prominent, radially elongated and connected with the mesophyll cells through plasmodesmata.
3. The chloroplasts are dimorphic, i.e.,
a. In mesophyll cells the chloroplasts are small and have well developed grana.
No Calvin cycle occurs in them, they do not have either peripheral reticulum or starch grains.
b. In bundle sheath cells the chloroplasts are large, agranal, have peripheral reticulum and store starch grains. Calvin cycle occurs here.

Q3. Bring out the differences between Chlorophylls and Carotenoids.
Ans3. Chlorophylls :
1. Chlorophylls are in general more polar than carotenoids.
2. They are green coloured pigments which absorb maximally in the blue and the red regions of the visible spectrum.
3. chlorophyll 'a' (and bacteriochlorophyll) is a primary pigment that can perform the photochemical act. Other chlorophylls are accessory pigments.
4. Chlorophylls play no role in attracting pollinators and dispersal agents.
Carotenoids :
1. Carotenoids are less polar than chlorophylls.
2. They range from yellow to red to brown in colour, that absorb light in the middle part of the visible spectrum.
3. All carotenoids are accessory pigments that hand over their energy to the chlorophyll 'a' molecule.
4. Carotenoids play an important role in colouring the flowers and fruits to attract pollinators and dispersal agents, besides photosynthesis.
Q4. The photosynthetic lamellae taken out from a chloroplast are suspended in a medium in the presence of CO2 and light. Will they synthesize glucose or not?
Ans4. Thylakoids are the photosynthetic lamellae present in the chloroplast. If we remove thylakoids from the chloroplast and suspend them in a medium in the presence of CO2 and light, they will not synthesize glucose. This is so because CO2 assimilating enzymes (or the enzymes for dark reaction) are present in the stroma of the chloroplasts. The lamellae will be able to synthesize the assimilatory powers ATP and NADPH in the presence of hydrogen acceptors, but will not be able to synthesize sugars.
Three mark questions with answers
Q1. Site evidences to prove that photosynthesis involves two steps, the light reaction and the dark reaction.
Ans1. The evidences that prove the existence of two distinct phases in photosynthesis are:
1. It has been observed that the photosynthetic rate is higher if light and dark periods are provided to the photosynthesizing tissue rapidly and alternately, than if it is illuminated continuously. The above observation was made by Warburg while working on Chlorella. It is so because in the alternate dark periods, some of the raw materials (ADP and NADP+) are regenerated for reuse in the light reaction.
2. At low intensity light, temperature does not effect the photosynthetic rate whereas at optimum light intensity and CO2 concentration it does. This is possible if it is presumed that there exists a distinct dark phase which is purely chemical and enzyme mediated.
3.  It is observed that the inhibitors like cyanide inhibit photosynthesis more under high intensity light than under low intensity light.
4. If a plant is suddenly exposed to light then there is a sudden release of O2, but CO2 absorption is not there, which is possible if the dark phase becomes rate limiting.
5. CO2 can be absorbed and fixed by previously illuminated green cells.
Q2. Summarize the chemical events in the process of photosynthesis.
Ans2. The chemical events in the process of photosynthesis are:
1. Light Reaction (in granum) :
24H2O ¾¾¾24OH- + 24H+
18 ADP + 18 P (i) ¾¾¾18 ATP.
24OH-  ¾¾¾24(OH) + 24e-.
12NADP+ + 24 H+ + 24e- ¾¾¾12NADPH + 12H+.
24(OH) ¾¾¾12H2O + 6O2.
2. Dark Reaction (in stroma) :
6CO2 + 18ATP + 12NADPH ¾¾¾C6H12O6 + 6H2O + 18 ADP + 18P (i) +12NADP+.
Q3. Where does non-cyclic photophosphorylation occur? Why is it known as non cyclic?
Ans3. Non-cyclic photophosphorylation occurs normally in green plants.  Non-cyclic photophosphorylation requires the collaboration of both the photosystems, PS I and PS II.  In this photophosphorylation, high energy electron released from the reaction centre P680 of the photosystem II on absorbing the light energy, does not return back to it. After passing through a series of electron carriers (which are arranged in the increasing order of redox potential) the electron is handed over to the reaction centre of PS I, i.e., P700. The latter has also extruded an electron under the influence of photons, and is quenched by the electron received from the photosystem II. The electron extruded from P700 also passes through a series of electron carriers and is finally handed over to NADP+ which is reduced to NADPH. The reaction centre of PS II is quenched by electrons received from water on its photocatalytic splitting. Water also provides protons that are used for the reduction of NADP+ and for creating a proton gradient. Each extruded electron has an energy equivalent of 23 Kcal/mole and releases sufficient energy while passing over the cytochrome complex, to synthesize ATP. The assimilatory powers produced during non cyclic photophosphorylation are ATP and NADPH.
Q4. Draw a diagram showing the inter-relationship between PS I & PS II, photolysis of water and synthesis of ATP and NADPH during photosynthesis.
Ans4.
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Five mark questions with answers
Q1. Explain the mechanism of carbon dioxide fixation in C4 plants. Compare the energy expenditure on the formation of one glucose molecule through C4 pathway and C3 pathway respectively.
Ans1. C4-Pathway/Hatch and Slack Cycle (Dicarboxylic acid pathway).
Mechanism of CO2 fixation : This pathway involves two carboxylation reactions; one taking place in mesophyll cells and another in chloroplasts of bundle sheath cells.
1) Initial fixation of CO2 by C4 cycle in mesophyll cells.
2)Secondary fixation of CO2 by C3/Calvin cycle in bundle sheath cells.
It occurs as :
1. In mesophyll cell.-
Phosphoenol pyruvic acid + CO2 + H2O [image: image2.png]PEP carboxylase



Oxaloacetate + H3PO4.
PEP acts as the primary acceptor of CO2.
Oxaloacetate + NADPH [image: image3.png]Malate dehydrogenase



Malic acid  + NADP+.
Oxaloacetate + NADPH + NH3 [image: image4.png]ASpAartate transaminase



Aspartic acid + NADP+ + H2O.
The malate or aspartate is transported to the the bundle sheath cells.
2. In bundle sheath cell :
Malate + NADP+ [image: image5.png]Malic enzyme



Pyurvate + CO2 + NADPH + H+.
The carbon dioxide released in the above reaction is fixed finally by Ribulose 1,5-biphosphate which acts as the secondary acceptor and is carboxylated to 3-PGA. NADPH also enters into the Calvin cycle. The pyruvate produced in the above reaction is transferred back to the mesophyll cells.
3. In mesophyll cell :
Pyruvate + ATP + P(i) [image: image6.png]Pyruvate dikinase



Phosphoenol pyruvic acid + AMP + PP(i)
ATP + AMP [image: image7.png]Adenylate kinase



2ADP.
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In Calvin cycle or C3 cycle, for the synthesis of one glucose molecule, 18 ATP and 12 NADPH are used up, where as when C4 cycle operates adjunct to the C3 cycle the energy expenditure for the same is 30 ATP and 12 NADPH.
Q2. Enumerate the differences between cyclic and non cyclic photophosphorylation.
Ans2.
	CYCLIC PHOTOPHOSPHORYLATION
	NON-CYCLIC PHOTOPHOSPHORYLATION

	1. Electron expelled by excited photocentre is returned to it after passing through a series of e- carriers.
	1. Electron expelled by excited photocentre does not return to it. It receives e- from photolysis of water.

	2. Performed by PS I independently.
	2. Performed by PS I and PS II in collaboration.

	3. It does not occur normally in plants   except at low light intensity, anaerobic conditions and low CO2 concentration. It occurs in halophiles (bacteria) but the ATP is not used for manufacturing food.
	3. It occurs normally in cyanobacteria and higher plants and is connected with CO2 fixation and synthesis of carbohydrates.

	4. Reaction centre P700 gains 23 Kcal/mole of energy on absorbing a photon, becomes excited, extrudes e-and becomes oxidized. The e- passes through a series of carriers including ferredoxin, plastoquinone, cytochrome complex, plastocyanin and then return to P700.
	4. Reaction centre of PS II, P680, gains 23 Kcal/mole of energy on absorbing a photon, become excited extrudes an e- and becomes oxidized. It picks up e- from photolysis of water to quench itself.

	5. While passing from ferredoxin to PQ and/or over the cytochrome complex, e- loses enough energy to form ATP from ADP and P(i).
	5. Extruded e- passes through a series of e- carriers including Q, PQ, cytochrome complex and plastocyanin. It is handed over to Chl a 700 or the reaction centre of PS I, which has in turn absorbed light and has extruded an electron. It picks e- from PS II to become quenched.
Electron passes through reducing agent X, Fe-S centre, ferredoxin and NADP+ reductase which combines e- with NADP+ to form NADPH + H+. H+ are obtained  from photolysis of water.

	6. No photolysis of water occurs, so no O2 is evolved.
	6. Photolysis of water occurs and O2 is evolved.

	7. Synthesis of only ATP takes place. 
	7. Synthesis of both ATP and NADPH, which are called assimilatory powers, takes place.

	8. It is not affected by DCMU.
	8. It is inhibited by DCMU, as the latter inhibits photolysis of water.


Q3. Bring out the differences between C3 plants and C4 plants.
Ans3.
	C3 Plants
	C4 Plants

	1. The leaves do not possess Kranz anatomy, i.e., chloroplasts do not have peripheral reticulum, chloroplasts are of one type (monomorphic) and bundle sheath cells usually do not contain chloroplasts.
	1. The leaves have Kranz anatomy, i.e., chloroplasts have peripheral reticulum, there are two types of chloroplasts (dimorphic) and bundle sheath cells possess prominent chloroplasts.

	2. Ribulose biphosphate is the first acceptor of CO2.
	2. Phosphoenol pyruvate is the first acceptor of CO2, while ribulose biphosphate is the second acceptor.

	3. Phosphoglyceric acid is the first stable product.
	3. Oxaloacetic acid is the first stable product.

	4. The plants operate only Calvin cycle.
	4. The plants operate a dicarboxylic acid cycle adjunct to Calvin cycle.

	5. Rate of photorespiration in C3 plants is quite high.
	5. Rate of photorespiration in C4 plants is negligible.

	6. Fixation of one molecule of CO2 requires 3 ATP and 2NADPH.
	6. Fixation of one molecule of CO2 requires 5 ATP and 2NADPH.

	7. CO2 compensation point is higher, i.e., 50-100 ppm. 
	7. CO2 compensation point is much lower, i.e., 0-10 ppm.

	8. Saturation point is reached at 10-70% of full sunlight.
	8. Saturation point is not reached even at full sunlight. It is 200% of full sunlight.

	9. Optimum temperature for photosynthesis is 10-25oC.
	9. Optimum temperature is 30-45oC.

	10. They are found in all habitats.
	10. They are specifically adapted to hot, dry and saline habitats.


