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Mode of Nutrition

Energy Source

Carbon Source

Examples of Organisms

AUTOTROPH
Photoautotroph Sunlight Cco, Cyanobacteria; purple sulfur bacteria
Chemoautotroph Inorganic chemicals Cco, Certain proteobacteria; most archaea (e.g., methanogens,
(e.g., NH;, HS, Fe?*) extreme halophiles)
HETEROTROPH
Photoheterotroph Sunlight Organic compounds Purple and green nonsulfur bacteria
Chemoheterotroph Organic compounds Organic compounds Free-living decomposers; most bacterial pathogens
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AuauUAvaues (light properties)

Increasing energy of photons <€
Increasing wavelength >

Wavelength = distance between 2 peaks

0.001 n m 10 nm 0.1cm 0.1m 1000 m

Gamma rays IX-rays‘ uv f l Infrared | Microwaves ‘ Radio waves

Visible

R | :
380 nm 430 nm 500 nm 560 nm 600 nm 650 nm 740 nm
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Biology for Olympic Il

plant leaf cell

A9 3 paslswanaaninuluity Coleus sp. uazanINe Spirogyra sp.

Outer and inner 7 — Stroma Outer membrane
membranes : ’ g

Intermembrane space

Inner membrane
Stroma S
thylakoids troma
Granum
(stack of

thylakoids) Thylakoid

Stroma thylakoid

| (c) Cutaway illustration of chloroplast |

Thylakoid Thylakoid lumen Thylakoids

Stroma <_|
thylakoids

Stroma

Granum { i

Stroma
thylakoids

A
(b) Electron micrograph of grana and 0.5 um
stroma thylakoids | (d) lllustration of grana and stroma thylakoids I
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suAINNATIUMSaIIASIRADBEY (Photosynthetic Pigment)
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Chlorophyll a
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(a) PROCESS: ISOLATING PIGMENTS VIA THIN LAYER CHROMATOGRAPHY (b) A finished chromatograph
Migration of
solvent
T Carotene
\w(/ Z — > — S Pheophytin
S A Chlorophyll a
[ 5 J = ’ E Chlorophyll b
\ - -
— FE— Xanthophyll
1. Grind leaves, add solvent. 2. Spot pigments on a thin 3. Separate pigments
Pigment molecules move layer of porous material that in solvent.
from leaves into solvent. coats a solid support.
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Bacteriochlorophyll
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(B) Wavelength (nm)
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Photon
(fluorescence)
Photon Ground
state
(a) Excitation of isolated chlorophyll molecule (b) Fluorescence

299 9 A5kAm fluorescence Tupaalsilaa
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Thylakoid Stroma

Chloroplast

(sugar)
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Unnsenuav (Light Reaction)
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V

Thylakoid

STROMA
Photon Photo/s\ystem

Light-harvesting Reaction- Primary

complexes center complex electron
acceptor

STROMA

Thylakoid membrane
Thylakoid membrane

(b) Structure of a photosystem. This computer model, based on
X-ray crystallography, shows two photosystem complexes side by

(a) How a photosystem harvests light. When a photon strikes a pig- side. Chlorophyll molecules (bright green ball-and-stick models
ment molecule in a light-harvesting complex, the energy is passed within the membrane; the tails are not shown) are interspersed
from molecule to molecule until it reaches the reaction-center com- with protein subunits (purple ribbons; notice the many o helices
plex. Here, an excited electron from the special pair of chlorophyll a spanning the membrane). For simplicity, a photosystem will be
molecules is transferred to the primary electron acceptor. shown as a single complex in the rest of the chapter.

A9 11 1AS98519182 N5N9UTD9TEUULEN (photosystem)

Photon

Antenna
Resonance pigments  photosystem
transfer

t Electron
acceptor
Electron P

center transfer )
a a
chlorophyll & 2wl 12 siAn resonance energy transfer
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nsanenandianaseunuuliluindng
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A 13 nsanenenddnaseuwuuliiduindng (noncyclic electron transfer)
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N13NA photophosphorylation

STROMA (low H*) ®
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Plastoquinone | -

. Electrochemical
H,0 O @ @ Plastocyanin potential
2 gradient

Oxidation
of water

LUMEN (high H*)

A 14 nsanevendianaseuwuuliduindnsedunelagld chemiosmotic model (PQ fa plastoquinone, Cyt

fi® cytochrome, PC fg plastocyanin, Fd @ ferredoxin ag NADP Red. Ao NADP reductase)

Excited P700" (reaction center)

/e/o

Cytochrome

Complex

Photon

Photosystem |

Andl 15 nsanevendianaseunuuduindng (cyclic electron transfer)
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n JAsenmsnsumsuau (Carbon Fixation)

193nsA1au (Calvin cycle)
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nsywelauas (photorespiration)

3-phosphoglycerate
COOH S
ribulose 2% CHOH ©h
1,5-bisphosphate [ 3;;;;122:-
cHo@ 2 0@
2
| 2x3C=6C 2-phospho-
co . glycolate
| carboxylation |
CHOH |
(leOH oxygenation /_ lk \ €0;
3-phosphog| t 2-phosphoglycolat
CHZOO phosphoglycerate phosphoglycolate L
0 qooH COOH
sC CHOH N | A\ PEROXISOME _/ \_MITOCHONDRION
CcH,0Q
CHZOO PHOTORESPIRATORY CYCLE

2 x 2-phosphoglycolate —— CO; + 3-phosphoglycerate
2x2C 1C 3C

3C+2C=5C

A9 17 uled rubisco wagnsiinn1suiglauas (photorespiration)

Chloroplast Peroxisome Mitochondrion
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andi 18 nalnnisiiamelanas (photorespiration)
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Bulliform cell

Upperepidermis

Guard cells

Mesophyll cell

Bundle
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Palisade —f
mesophyll cell

Bundle sheath cell—

Spongy
mesophyll cell

Guard cell Guard cell
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wadilsias OAA Malate co, 1saaduldasgn
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Calvin
Cycle
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Pyruvate
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Triose

co,
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Atmospheric

Mesophyll cell ﬂi}
f gt Carbonic Adenylate 2®

anhydrase kinase
Hcros- SAMPE+FR) AP+ @)

oo P @
I NP /)
H—C—OH =0 cC— OPO32'

| Malate | PEP carboxylase |
CO,” dehydrogenase CO,™ coo™ phosphate

dikinase
Malate Oxaloacetate Phosphoenol-
pyruvate (PEP)
CH;
Malic enzyme |
P °
m [alelon
NADP* +CO, Pyruvate
\ Bundle sheath cell Calvin cycle /
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Pyruvate-

A15AS9IANSUBUVRINY CAM
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PEP Pyruvate

Triose
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AwA 23 nalnnInSeATUaUTEINY CAM

Dark: Stomata opened Light: Stomata closed

CO5 uptake and  Atmospheric
fixation: leaf
acidification

Open stoma permits Decarboxylation of stored Closed stoma
entry of CO; and malate and refixation of internal prevents HO loss
loss of H,O COy: deacidification and CO; uptake

PEP carboxylase o NA[%\* malic
/ enzyme , .
Phosphoenol- Oxaloacetate / o, — Malate Malic acid
pyruvate l \
A [ \
| NADH NAD* malic [ Pyruvate |
T g dehydrogenase | [calvin |
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27 26 N9 Light response curve IW3BUIBUTERIN sun plant Way shade plant

Light saturation point
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Light compensation point

/ (CO, uptake = CO, release)

Dark respiration rate

(nulawz CO, release)
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A1l 25 N3 light response curve
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