PH OTOSYNTH ESIS

Autotrophs (producers) manufacture thelr own food ﬁ'om morgamc substances and
energy

Heterotrophs_ (consumefs) obtain food by eating autotrophs or oth’e;‘ heterotrophs-

Cellular respiratic')n' — both autotrophs & heterotrophs -
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Photosynthesm — autotrophs (plants algae and some bacteria) In plants 1t occurs in leaves

& stems Typical mesophy]l cell has 30-40 chloroplasts i

| 6C02 +-6Hz()+energyz - C6H'1205 +60z |

Anabolic - enderg'enic‘(energy absorbing) -
Water is oxidized and CO; is reduced (in Calvin cycle)
2 Separate Processes: |

1. Light Depend‘ent (Energy fixing) Reactim]s. |
Energy-rich electrons flow through a series of coenzymes and other molecules.

- This electron energy is trapped: ATP and NADPH are formed (both are rich in

| energy) and O; is produced. ATP and NADPH are used in the second process.

2 Light Independent / Dark (Carbon ﬁxmg) Reactions (CALVIN CYCLE)
Carbon dioxide molecule are bound into carbohydrates to form organic
substances. |

Electromsgnetic S pe_ctmm

Low energy/Long wavelength
Infrared | « = Visible Light — | Ultraviolet
- R OY ‘G BI1V - -
750 nm . ' 380 am

Color you see is not absorbed but what is reflected back. Leaves are green,

green light is reflected back (green has little to do with photosynthesis. . .chlorophyll
absorbs mainly red & blue) | .

High energy/Short wavelength &



32
Light Dependent Reactmns (thylakmd membrane) Energy fixing , [
Uses: Water, ADP and NADP - | | | &
Produces: O, NADPH and ATP
1. nght excites electrons m chlorophyli a molecules of photosystem II
- (photosystems contain chlorophy]l & pigments, light traps, reaction centers)
2. These electrons move to a primary electron acceptor | |
3. The electrons are then transferred along the Electron Tr_ansport Chain
4 Light excites electrons in chloroPhy]l a molecules of photosystem 1. As these
electrons move to another primary electron acceptor (ferredoxin), they are
replaced by electrons from photosystem II. **replacement electrons from
photosystem 11 are provided by water molecules (or both ETC would stop)
2H20—>4I'1+ + 4e T 02
" 5. The electrons from photosysteml are transferred el()ng a second ETC. At the end of
~ this chain, they combine with NADP" and H' to make NADPH. . In chemosmosis,
ATP synthase makes ATP by adding a group of phosphate to ADP
NADPH and ATP are used in nght Independent Reacuons
O, is produced as well. . C

Light Independent Reactions (stroma of chloroplast) CALVIN CYCLE
Carbon fixation (incorporation of CO, mnto organic compounds)
USES: ATPand NADPH '

3 Major Steps: -
1. CO, diffuses from cytosol into stroma. CO, combines with RuBP to form 2 molecules

of PGA _
2. Each molecule of PGA is' converted mnto a molecule of PGAL

3. Most of the PGAL is converted baek mto RuBP, but some PGAL can be used to make
a variety of organic compounds (amino acids; hipids, carbohydrates)

Each turn of the Calvin cycle fixes 1 COz molecule. Since PGAL is a 3-C compound, it
takes 3 turns to produce each PGAL.

l turn: 3 ATP (two mn step 2 and one m step 3) and 2 NADPH

3 turns: 9 ATP and 6 NADPH.
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C3 P i ants fix carbon exclusively through the Calvin cycle (3C PGA)
Examples: soybeans, ‘oats, wheat, rice

Alternative Pathways{

In Hot Dry Chm3tes....._.. ;

- Water loss 1s thrdugh Stomata (singular) stoma pl. - (pores on the underside of leaves) .

Plants close stomata when the air is hot & dry to reduce water loss.

- Stoma are also where CO; enters and O, leaves the plant.

When stoma close - low C02 level and hlgh O, level mhibits ca;rbon fixation mn the
Calvin cycle.

C P athway (4C Compounds)

C, Plants have enzymes to fix CO, into 4C compounds even when CO, 1eve1 is low and
0, level is ]:ngh

Examples: comn, sugar cane, crab orass

They lcise about h_alfth‘e- water as Cg plants do making the same amount of carbohydrafe.

CA WV Pathway (crassulacean acid metabolism)

Stomata open at night, close during day (opposite ot (3 plants) At mght take m CO; and
fix it.

Day, CO, is released from the nightly made compoiunds and énters the Calvin cycle.
They lose less water than either C; or Cy4 plants.

Examples: cactuses, pineapples -




