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Energy needs of life

Chapter 8 {\:_/“?;35' AAil life needs a constant input of energy
Photosynthesis; ) ¢ Heterotrophs
LifefromLight Aget their energy from ea
g 'feederst‘) _
energy Aconsumers of other organisms

Aconsume organic molecules
e Autotrophs
Aget their energy fro ns
Aget their energy from sunlight
Ause light energy to synthesize organic

molecules
Energy needs of life How are they connected?

¢ Heterotrophs Heterotrophs
Aconsumers making energy & organic molecules from ingesting organic molecules
Aanimals glucose + oxygen - carbon + water + energy
Afungi dioxide
Amost bacteria

e Autotrophs CgH,0 + 60, - 6CO, + 6H,0 + ATP
Aproducers
Aplants Autotrophs

i . X making energy & organic molecules from light energy
Aphotosynthetic bacteria

(blue-green algae) carbon 4 ater + energy - glucose + oxygen

dioxide
6CO, + 6H,0 +e'r§g',gy- CeHp,0, + 60,
v A v -
How are they connected’? What does it mean to be a plant?

{» ANeed toé

e collect light energy

Photosynthesis Atransform/it into chemical energy
ﬁ plants ,\rf e store light énergy
Ain a'stable form to be moved around the plant
O,  H,0

glucose 0, & also saved for arainy day
2

‘ 82y e need to get building block atoms from

the environment
AC,H,O,N,P, S

animals, plants

Cellular Resplratlon

e produce all organic molecules needed for
“ growth
Acarbohydrates, proteins, lipids, nucleic acids
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Plant Structure

AObtaining raw materials e [N ¢
) protosyhosis Storags oraa upper epidermis
e sunlight Prorospraton oabaade s

Aleaves = solar collectors & o

water vapor

" xylem
E C02 A o a2 phioem
~ . lower epidermis
Astomates = gas exchange P S ania a o nd water aper 1o > spongy s
e H,O

starch or sugar i
storage organ: upper epidermis

palisade layer

Auptake from roots
E6nutrientso

~chloroplasts
~ respiration, nc
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11 noand
Kgf'?r‘f‘@ h
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Figure 24. Photosynthessis, respiration, leaf
water exchange, and translocation of sugar

spongy mesophyll

—intercellular chamber

lower epidermis

(photosynthate) in a plant.

guard cells stomate

Plant Structure

AChIoropIasts Chioroplast
e double membrane
€ stroma
e thylakoid sacs Inner membrane
£ grana StaCkS Grana Stroma Thylakoid *Thylakoid space

AChIorophyII & ETCin ~
thylakoid membrane 4

Pigments of Photosynthesis

.\ Outer membrane

A chlorophyll & accessory

. ) s pigments
e H* gradient built up T efiphot osystemo Hydrocarbon tail
within thylakoid sac ¢ embedded in thylakoid (Haemanetshowny
membrane
£ structure « - function
A Look at Light Light: Absorption Spectra
AThe spectrum of color A Photosynthesis performs work only with
, absorbed wavelengths of light
10°nm 10°nm _1nm  10°nm  10°nm (109':,.-.) 10°m e chlorophyllad the dominant pigment &

e | absorbs best in red & blue wavelengths & least

& X-rays | UV Infrared | \L-ves wav;s n greerl ) )

e other pigments with different structures have
different absorption spectra

Chlorophyll a
§Ef Chlorophyll &

_ . &

Visible light =] Lo
i3 |/ |
-

2
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Chloroplasts

Achloroplasts e i
are green s /
because they \
absorb light :

wavelengths in /- /
red & blue and L /\ )
reflect green N \
back out =
light

structure « - function

Photosystems
A Collections of chlorophyll molecules
A2 photosystems in thylakoid membrane
gactaslighttgat hering fAanten
e Photosystem I

- ron trans! Primary |

Achlorophyll a o e M/‘:‘o.'p-"!'

] b Roaction

APggo = absorbs 680nm S}z &5 o |
yZa & ) chlorophyi

wavelength red light
£ Photosystem |
Achlorophyll b

AP5qo = absorbs 700nm - molecules
wavelength red light

Photosynthesis Overview

ALight reactions (Light-Dependent Rxns)
e convert solar energy to chemical energy
e sun A ATP
Acalvin cycle
g uses chemical
energy (NADPH
& ATP) to reduce
CO, to build
CgH1,0¢ (sugars)

Light Reactions

AsSimilar to ETC in cellular respiration
e membrane-bound proteins in organelle
g electron acceptors  wwoensien Chioropiast

ANADPH TN\
e proton (H*) (‘%&@‘% ‘C@

gradient across
inner membrane

e ATP synthase

enzyme -m-}’

[INTERMEMBRANE

THYLAKOID
SPACE SPACE

x
MEMBRANE

| Chioroplast
( structure

MATRIX

The ATP that Jack built
photosynthesis respiration
sunlight breakdown of C¢H;,04

N/

Amoves the electrons
Aruns the pump
Apumps the protons
Aforms the gradient
Areleases the free energy
Aallows the P, to attach to ADP
Aforms the ATP
é that evolution built

ETC of Respiration

AMitochondria transfer chemical
energy from food molecules into Inner
chemical energy of ATP mitochondrial AL
membrane
e use electron carrier NADH .

Protein complex
Intermembrane¢ of electron
space carriers

Inner
mitochondrial
membrane

enerates H,0 .
(carrying electrons. g 2 o)

from food)
Mitochondrial ®
matrix

Electron transport chain Oxidative phosphorylation



http://www.goldiesroom.org/Shockwave_Pages/AP--Photosynthetic Electron Transport.htm
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AChIoropIasts transform light

ir%irgy into chemical energy of ' ETC of Photosynthesis ETC of Photosynthesis

e use electron carrier NADPH
& &

MEMBRANE H,0'
0 %2,
THYLAKOID SPACE +2H"

splits H,O

STROMA

ETC of Photosynthesis Experimental Evidence

AETC produces from light energy:
e ATP & NADPH
ANADPH (stored energy) goes to Calvin cycle

Awhere did the O, come from?
e radioactive tracer = O,g

APS Il absorbs light Experiment 1 :
e excited electron passes from chlorophyll to 6CO, + 6H,0 +eugp$y' CeH1,0 + 60,
Aprimary el ectron acce

e need to replace electron in chlorophyll

Experiment 2
e enzyme extracts electrons from H,0 &

supplies them to chlorophyll 6CO, + 6H,0 +e|r:gpg:y' CgH1,06 + 60,
Asplits H,O
AO combines with another O to form O,
AO,released to atmosphere Proved O, came from H,O not CO, = plants split H,0

Aand we breathe easier!

2 Photosystems Cyclic Photophosphorylation
AlLight reactions AifPSlcan6t pass
elevate electrons in electron to NADP,
2 steps (PS 11 & PS ) gscﬁ{f!g?fngig'; to
e PS |l generates more ATP, but no —
energy as ATP NADPH

e PS | generates £ coordinates light

reducing power as reactions to
NADPH Calvin cycle
g Calvin cycle
uses more
ATP than

NADPH




