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Photosynthesis in Nature

citoon ——eal
Plants and other autotfophs are CaHuD

producers of biosphere — +x ¢ bon
Photoautotrophs:|use light E to make
organic molecules

Heterotrophs: consume organic erarg,
molecules from other organisms for E

and carbon
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(c) Unicellular protists
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(=) Cyanobacteria
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(e) Purple sulfur
bacteria
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Photosynthesis: Converts light energy to
chemical energy of food

Chloroplasts: sites of photosynthesis in

Chloroplast

Outer Granum

Membrane Thylakoid space
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Sites of Photosynthesis

. |mesophyll, chloroplasts

“mainly found in these cells of " 2 Mesophvll{‘g.’a"{* LU
leaf (N ¥

Leaf cross section
Chloroplasts Vein

 stomata: pores in leaf (CO,

—_— ——
enter/O, exits)

 chlorophyll: green pigment
in thylakoid membranes of

Chloroplast Mesophyli

——Outer

' membrane .
c h l oro p l asts Thylakoid Intermembrane ——
- Stroma Granum Thylakoid \ space 20 pm
space Inner
.. membrane




Photosynthesis

covuse ot cellvlar Cespira %
6CO, + 6H,0 + Light Energy > C/H,,O, + 60,

Ambo((c ; AbSor\oS’t’ Q"""”jj mnspm-(nmouS

Redox Reaction: 4 A
water is split > e-transferred with H* to CO, -

sugar swwvrhfuw i > e/ MQM

Plohscabtiesic  Remember: omRIG ™

Oxidation: lose e- i \
: o Bb(
\) L(j\er Pl/uvw Reduction: gain e- ) q\sé\r
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Tracking atoms through photosynthesis

Ly L, OF0 oxﬁw Qvo‘vl/tj c,omp(ﬂ)(
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Reactants: 6 CO, 12 H,0

4%

Products: CGH1206 6 H20
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Photosynthesis/= Light Reactions + Calvin Cycle
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Light Reactions: Convert solar E to

chemical E of ATP and NADPH
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Nature of sunlight v |/1C

o Light = Energy = electromagneti

lé"x‘ter wavelength ()): higher E
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(WUl Visible light - detected by human eye
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o Light: reflected, transmitted or absorbed
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Electromagnetic Spectrum
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Interaction of light with chloroplasts

Light
Reflected
light

\ : Absorbed

Transmitted
light



Photosynthetic pigments

Pigments absorb different \ of light
chlorophyll — absorb violet-blue/red light,

reflect green A,loSorL A :‘CS:'&I\EM.‘" Co lor AY

~ _chlérophyll a_(blue-green): light reaction,
co lar to chemical E

> !yellow-green): conveys E to
chlorop a

=~ carotenoids (yellow, orange): photoprotection,
broa olor spectrurijcir\l:i}lakosynthesis
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Electrons in chlorophyll molecules are
excited by absorption of light
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(a) Excitation of isolated chlorophyll molecule (b) Fluorescence



Photosystem: reaction center & light-harvesting

complexes (pigment + protein) L
A wo\t

Photosyste STROMA

Primary /GA,,..
electron '8 0 .

acceptor

Light- Reaction-
center
complex

harvesting
complexes

A

Thylakoid membrane

(a) How a photosystem harvests light (b) Structure of photosystem II
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Light Reactions

Two routes for electron flow:
AlLineay (noncyclic) electron flow

B.Cycli electron flow o
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CLincard

Chlorophyll excited by light absorption
E passed to reaction center of
Photosystem II (protein + chlorophyll a)
e- captured by

° Redox reaction > e-transfer
- e- prevented from losing E (drop to

e)
eplacee- -
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e- passed to Photosystem I via ETC
E transfer pumps H* to thylakoid space
produced by

e- moves from PS I's primary electron
acceptor to 2nd ETC
NADP+* reduced to NADPH

IMAIN IDEA: Use solar E to generate ATP &
NADPH to provide E for Calvin cycle




Primary
acceptor

© Light

| = Pigment
molecules

Photosystem II
(PSII)
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Primary
acceptor

| = Pigment
molecules

Photosystem II
(PSII)
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Primary slec?,o (4]
acceptor \ i L trang
| o™ )
. < \ °"fc/,a.
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Cytochrome
complex

TN /o0 S

| = Pigment
molecules

Photosystem II
(PSII)
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Primary slec?,o (4]
acceptor \ ; " trans
T~ € : ' Poyy

haip

Cytochrome
complex

| = Pigment
molecules

Photosystem II
(PSII)
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Primary
acceptor

Photosystem I
(PST)



Primary S EI@C[,-O (4] !
acceptor \ " trans

Cytochrome
complex

Primary
acceptor ’

— Pigment m
molecules
Photosystem I
(PST)

Photosystem II < s
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Mechanical analogy for the light reactions
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Cyclic ElectronFlow: uses PS I only; produces
ATP for Calvin Cycle (no O, or NADPH produced)
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Both respirat nd photosynthesis
us& chemiosmosis en TH2

Mitochondrion Chloroplast

MITOCHONDRION CHLOROPLAST
STRUCTURE STRUCTURE

Intermembrane 1, SRS Thylakoid
space
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Matrix

Key [ Higher [H*]
Lower [H*]
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(1) H* from water == woitr
(2) H* pumped across by cytochrome
(3) Removal of H* from stroma when NADP* is reduced

Proton motive force generated by: L Be cousc 0‘9

STROMA Cjt,(’kbb l (C
(low H* concentration) C);tg:':‘r;g)r?e NADP*
ductase
Photosystem II Light Photosystem I reduc Q
Light " NADP* + H*

NADPH

Thylakoid R_ NS lj

membrane ATP

synthase ,p ‘(7“‘ >

+ = TP,
STROMA ®, :;

(low H* concentration)
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Calvin Cycle: Uses ATP and NADPH to
convert CO, to sugar  Dor (c /ZL&.@“‘\M

Uses ATP, NADPH, CO, /huwlic

oduces 3-C sugar G3P
(glyceraldehyde-3-phosphate)

"

Three phases: . Lo &
1. Carbon fixation &— a,%]n: F

2. Reduction
3. Regeneration of RuBP (CO, acceptor)



Input

3 Q (Entering one
co, at a time)

Phase 1: Carbon fixation

Short-lived
intermediate
3e-0-0-0-00® 60-0-O-®

Ribulose bisphosphate 3-Phosphoglycerate
(RuBP)

Phase 1: 3 CO, + (5-C sugar ribulose

bisphosphate)
o Catalyzed by enzyme (RuBP carboxylase)

©



Phase 2: Use

and

produce 1 net

Input

3 Q (Entering one
co, at a time)

3e-0-0-0-00®
Ribulose bisphosphate
(RuBP)

Calvin
Cycle

6
6 NADP*
to "
6 Q- 0-0®
Glyceraldehyde 3-phosphate Phase 2:
(G3P) Reduction
Glucose and
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Short-lived
intermediate\

Phase 1: Carbon fixation

M

6Q-0-0-®
3-Phosphoglycerate

C,—“Z

6 ®-0-0-0-®
1,3-Bisphosphoglycerate

other organic
compounds
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Phase 1: €arbon fixation
Short-lived i
intermediate\

t W-“/‘u’ 30-0-0-0-0-0-® 60-0-90-®
‘/ % Rlbulosc(e I::)l:sB;::’r;osphate 3-Phosphoglycerate 6
3 : 6 ADP

Calvin

Cycle
3 6 ®-0-0-0-®
B\ ?/? M 1,3-Bisphosphoglycerate

| 6 [NADPH |
oo B y =
wo/bbb - ‘/MQMD 50-0-0-® _

Phase 3: Use to

e 60-0-0-®

Glyceraldehyde 3-phosphate Phase 2:
(G3P) Reduction

regenerate RuBP

Glucose and
other organic
compounds






