Chapter 10.
Photosynthesis:
Variations on the Theme
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APhotosynthesis
e light reactions

¢ Calvin cycle
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AH,O « ground
ACO,« air

What structures have
plants evolved to

supply these needs?
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Controlling water loss from leaves
AHot or dry days

e sStomates close to conserve water
e guard cells
Again H,0 = stomates open
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Alose H,O = stomates close

e adaptation to Guard
. cells
living on land,
but é

creates PROBLEMS!
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Closed stomates

Acl osed stomates | ead
e O, builds up (from light reactions)
e CO, Is depleted (in Calvin cycle)
Acauses problems in Calvin Cycle
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Inefficiency of Rubisco: CO, vs O,

ARubisco in Calvin cycle

e carbon fixation enzyme
Anormally bonds C to RuBP
Areduction of RuBP
Abuilding sugars

e when O, concentration is high
ARubisco bonds O to RuBP
AQ, is alternative substrate
Aoxidation of RuBP
Abreakdown sugars
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_Calvin cycle review
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_Calvin cycle review
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Calvin cyclewith O,
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IImpact of Photorespiration

AOxidation of RuBP
e short circuit of Calvin cycle

e loss of carbons to CO,
Acan lose 50% of carbons fixed by Calvin cycle

¢ decreases photosynthetic output by
siphoning off carbons

Ano ATP (energy) produced
Ano C¢H,,O4 (food) produced

e If photorespiration could be reduced,
plant would become 50% more efficient

| Astrong selection pressure
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|Reducing photorespiration

ASeparate carbon fixation from Calvin cycle

e C4 plants

Aphysically separate carbon fixation from Calvin
cycle
Adifferent enzyme to capture CO,
E PEP carboxylase stores carbon in 4C compounds

Adifferent leaf structure

e CAM plants

Aseparate carbon fixation from Calvin cycle by
time of day

Afix carbon (capture CO,) during night
E store carbon in organic acids

Aperform Calvin cycle during day
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C4 plants

AA Dbetter way to capture CO,

e before Calvin cycle,
fix carbon with enzyme
PEP carboxylase

store as 4-C compound

e adaptation to hot,
dry climates
have to close stomates a lot
different leaf anatomy

E Sugalr cane, corn,

ot her grasseseé
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light reactions

|PEP carboxylase
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leaf sheath

Mesophyll cell
Photosynthetic
cell

Vein e
(vascular tissue) {

C4 leaf anatomy
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A PEP carboxylase enzyme

e higher affinity for CO, than
O, (better than Rubisco)

e fixes CO,in 4C compounds

e regenerates CO,In inner
cells for Rubisco
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The C,; pathway

phosphoenolpyruvate (3C) + CO, - oxaloacetate (4C)



location,
location,

Comparative anatomy ocatigne

A Separate reactions in different cells
e light reactions
e carbon fixation
e Calvin cycle
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