3/19/2019

Topic 06

= ﬂ L

Millersul!la Llniuers
Photosynthesis

Hoefnagles (2018) Chap. 5

I. Introduction P
=

A. Summary Eqn
Light
6 CO, + 6 H,0 >>>>>>C¢H,,0,+6 O,

Light
6 CO, + 12 H,0 >>>>>> C¢H,,0; + 6 O, + 6 H,0
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B. Destiny of carbohydrates
1. ATP needs

CEH1ZOE +6 OZ

Chicroplast
6 CO, + 6 H,0




I. Introduction

B. Destiny of carbohydrates
2. Various Organics

60,

Starch
Cellulose
Amino Acids

Lipids
CeH1204 :> Pigments

Floral Fragrances
Hormones
Alkaloids

THC

Etc.
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I. Introduction

C. Light & Pigments

Chicroplaut

l. Introduction

C. Light & Pigments
1. Electromagnetic Spectrum
a. EM radiation speed is constant
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I. Introduction

b. Wavelength (A) varies / E varies
Incressing wavelangth
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Incressing warvelengih
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c. Sun releases UV, visiple, IR

400 500 500 T00 750 nm

l. Introduction

d. Photosynthesis Action Spectrum falls within visible light.

(measured by O, release)

Rate of photosynthesis

A
Action Spectrum for Photosynthesis
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d. Photosynthesis Action Spectrum falls within visible light.

(measured by O, release)
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I. Introduction

d. Photosynthesis Action Spectrum falls within visible light.

(measured by O, release)

Rate of photosynthesis

A
Action Spectrum for Photosynthesis

1) Shorter A’s too energetic
2) Longer A’s E too low.
3) Green & Yellow Green A’s not absorbed

l. Introduction

4) Theodor Engelmann’s (Germany) 1883 experiments.
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I. Introduction
2. Which pigments are important?

a) Absorption spectrum for chlorophylls

0
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Action Spectrum for Photosynthesis

l. Introduction
2. Which pigments are important? ey 4

a) Absorption spectrum for chlorophylls

(measured by O, release)

Rate of photosynthesis

Action Spectrum for Photosynthesis

l. Introduction
2. Which pigments are important?

(measured by O, release

Rate of photosynthesis

Action Spectrum for Photosynthesis




I. Introduction

2. Which pigments are important?

c) Necessary: Chl. a
d) Accessory Pigments:
Chl. b
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Il. Process Review

A. Where?
+ Chloroplasts of mesophyll.
« Specifically in thylakoids (light rxns) & stroma (light-indi rxns)

__— Outer membrane

Thylakoids Stroma

Intermembrane space

1l. Process Review
B. Light Rxns
1. Photosystems

light

“ stroma

lumen of thylakoi
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BotanY
1l. Process Review Flod
B. Light Rxns Zout]
1. Photosystems
light
lumen of thylakoi
Rxn Center
(1 chla)
Antenna System
(protein + ca. 400 Antenna Pigment
molecules)
BotanY
Il. Process Review Flod
B. Light Rxns Fo

2. Transfer of Light E to Chemical E

"
light . ADPsP

light W NADP's H I

- '

| naDPH

NR = NADP reductase

NADP+ = Nicotinamide adenine
dinucleotide phosphate

NADPH = reduced form of NADP+

1. Process Review Fi
B. Light Rxns ey 4

2. Transfer of Light E to Chemical E

ADP 4+ P

2. | | # ATP
[ -
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1. Process Review
B. Light Rxns

Source of electrons &

energy to power Calvin
2. Transfer of Light E to Chemical E aytop

lumen of thylakoids’

Source of O,
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Il. Process Review
C. Calvin Cycle

KT

6CO,
12PGA
2L 12 ATP
uires
10639 for
RuBP synthests 12

12 NADPH

121 ADP (7 12 (O
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12 ATP iy

Provides 2 G3P
for synthesis.of
organic molecules

©o0O RUBP = Ribulose 1.5 bisphosphate
glucose,sucrose,others - RuBisCo = Ribulose-1,5-bisphosphate

Carboxylase/Oxygenase

PGA = phosphoglyceric acid

G3P = phosphoglyceraldehyde

TR

Il. Process Review
C. Calvin Cycle

IKE

6CO,
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i 12 AP
Requires C
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Provides 2G3P
for synthesis of
organic molecules

glucose, sucrose, others.

Source of C & E in food
chain
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11l. Areas of Active, Applied Research
A. Feeding a Hungry World
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Source: World Pap spects, Deutsche Stihung
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11l. Areas of Active, Applied Research
A. Feeding a Hungry World
1. Can we expand the PAS in crop plants?
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11l. Areas of Active, Applied Research
A. Feeding a Hungry World
1. Can we expand the PAS in crop plants?

2. What issues would such plants (& societies) face?
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BotanY

11l. Areas of Active, Applied Research [
B. Mitigating Climate Change -l
BotanY

I1l. Areas of Active, Applied Research Pl
B. Mitigating Climate Change -4

1. Facts

a. The Earth is warming. COz is a greenhouse gas.

Global Temperature and Carbon Dioxide
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b. Photosynthesis removes CO, from atmosphere.
6 CO, + 6 H,0 >>>>>>C¢H,,0,+60,
Global Temperature and Carbon Dioxide
10 380
Tamp. in
degress F i
Dioxide,
05 N 355
Global
Temperature
0.0 330
a5 COZ ;. 505
parts|
per,
IFacts million
-l T T T T T 280
1880 1900 1920 1940 1960 1980 2000

10



Milians of pawnds ars on
offer far the person wha
comes. up with the best way
of remaving significant

amounts of carbon dioxide
' from the atmospiere.
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11l. Areas of Active, Applied Research
B. Mitigating Climate Change
2. Storing C_arbon

f ’-r* Branson launches $25m climate bid

Milhons of posnds ace on [T
affer for the person wha
comes up with the best woy CCal
of remwoving significant b
amounts of carbon doxide
Trom the atmosphers

11l. Areas of Active, Applied Research
B. Mitigating Climate Change
2. Storing Carbon

a. Plants remove CO2 from atmosphere. Store it in their
bodies.

Starch

Cellulose

Amino Acids
Lipids

Pigments

Floral Fragrances
Hormones
Alkaloids

THC

Etc.
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11l. Areas of Active, Applied Research Fl,
B. Mitigating Climate Change ':‘_E.'__-
2. Storing Carbon

b. Landscapes with greater biomass store more carbon
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11l. Areas of Active, Applied Research Flicd
B. Mitigating Climate Change Y
2. Storing Carbon

c. Could algae be used to remove CO, from
atmosphere?
1) Algal Farms positioned near river deltas to exploit nutrient-rich
waters that could otherwise cause Dead Zones.

11l. Areas of Active, Applied Research Bt
B. Mitigating Climate Change L
2. Storing Carbon

c. Could algae be used to remove CO, from
atmosphere?

2) Collect algae before they die and are decomposed and could
cause Dead Zones
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11l. Areas of Active, Applied Research
B. Mitigating Climate Change
2. Storing Carbon

c. Could algae be used to remove CO, from
atmosphere?

ree “land fills” or use to make
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11l. Areas of Active, Applied Research

3. C-neutral biofuels
a. Keep fossil fuels in the ground
b. Grow plants/algae and convert to ethanol or biodiesel

F -

11l. Areas of Active, Applied Research Euc, _

3. C-neutral biofuels
a. Keep fossil fuels in the ground
b. Grow plants/algae and convert to ethanol or biodiesel
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