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Light energy
fuels production
of ATP and
reduced NADPH.

~ Noticeparallels
with respiration
and ATP synthase.

Dark reactions
don’t requirelight
and produce

car bohydrates.
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Chrganisms Feductant Reaction
Plants, algae, cvanobacteria H: SOy + 2H,O0 —= [CH.O) + HoO + Oy
Green sulfur bacteria H,5 COy + 2H.S — [CHAO) + HO + 25
Purple sulfur bacteria [H5D:7] SOy + HyO + 2[HSO, 7] — [CHO] + 2[HSO, 7]

MNonsulfur photosynthetic bacteria Hs or many other reductants, COy + 2H, — [CH2O] + HO

Water (and other substances--H,, H,S provide electrons).
L abeling experiments show that the CO,
O doesnot end up in O,.
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Chloroplasts--similar to mitochondria
(origin free-living photosynthetic bacteria, with DNA, ribosomes)
PhotoSystems| & |1 and CFO/CF1 embedded in

Thylakoid membrane
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UV light, whose photons have sufficient energy to break
covalent bonds, is nor mally screened out by the ozone
layer. Photosynthetic or ganismstake advantage of

aIIfrequenciesofViS |elight.
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rachation at the
earth's surface

300 400 B0 = Fao 50 Qa0

Wavealength, nm



Ll
o

EI'IE'l':;I'_I." el mola ol |'_.‘-|'I':_'l1",_-|l'l?. k.

LItraviclat Vizible Infrarec

+——Hange of photosynthetic pigments —=

1
= =

L SO0 400 50O g00 JO0 200 900 1030 1100 1200
Wavelength, nm
Visiblelight provides energy without breaking
biologically important covalent bonds.
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M or e chromophores (pigments)
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'a) Resonance transfer b) Electron transfer
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Photosystem |1 comesfirst (and was discover ed second!)
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Complexes are named for longest effective wavelength.



-1.6

-1.2

+04

+0 8

+17

PHCOTOSYSTER I

[
Ekectronc
e at e n

Protans
from stroma

ZH*

- AH*

Frotars from HED

FProtons
rekased
it

thylakoid

ILImen

Photosystem ||

Excited
Electronis
Passed to

Phytins
Quinones
Cytochrome
Plastocyanin

Protonsare
Pumped.

Water supplies
Electron to P680



CH, e
CH, (CH,— CH==C—CH,);7=H + 2e~ + 2H"
O n = §io 10

Plastoquinone

OH
CH. ‘f”“
—» CH, (CHa— CH=C — CH,)—H

OH
Plastoquinol



ot

R Eldation
Water-splitting Vsae Manganese Center
Reaction produces l M. O
0, and suppli 48
, and supplies
Electrons & protons, - o
pﬁ B0 1'+dHI:L..-_fhﬁ.r
- .

5 OH
4
1| N — () 2 @
byg— | “h_mi:._mn'r” by
+a=0—hn |~ Vg O—MI——
'lf]—f”ln— ald D=t ol \
Highest o 0 o OH
ol i o —— 0 | -:l
state 'i] ~ | s o 3’ N DHE
e || [ —'u'l"l
“'-_-.. EMHL - "‘-_- ._ |'|Ir
[N ] :
byg— by q—
q ="1—In M
r:]—ru*l:l{"'1 i P [:n—m}'{' i

—

e, H* Sl OH j‘ \ OH
i i e, H*
j}r:] I, 0 E Ose o OH
B S N ~,
=M O ML u—hﬂn ) l. o
S~ oo ned “_~ N ?J' -
f i FT o H* :r'l



Tryosine cycles between OH and O. freeradical state

Mn oxidation states are poorly understood



Photosystem | P700

Electron transport to
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And NADPH is made.
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Bacterial Photosynthesis
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Bacterial Rxn Center

Top--cytochrome
subunit (blue) (4 hemes)

Middle--membrane
Embedded protein
4 chlorophylls,

2 phytins

2 quinones

1Fe

Bottom--
subunit H (yellow)



Bacterial Rxn Center
(Rhodobacter viridis)
Structure by

Deisenhofer and Michel
Nobel Prize 1988



Photosynthesis vs Respiration

Electron transport * Respiration reduced
From h|gh to low hlgh pOtentIaI electron
potential « Photon excites
Viaseries of electron to hi gh
membrane energy
protein/cofactors * Proton gradients are
Some moblile e OppOSi te direction
carriers (PC)

Proton gradients
Similar ATP synthases



Practical Reasonsto Study Photosynthesis

Artificial Photosynthesis
Solar Energy



