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Light-Harvesting Pigments
Photosystems have a special pair of
chlorophylls called the special pair.

+ This is where light energy is used to remove
a high energy electron from special pair.

+ This makes them a strong oxidizing agent.
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Light-Harvesting Pigments
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Light-Harvesting Pigments
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Photosystem II (PSII)

Two related photosystems have evolved in
the the last 2.8 billion years.

+ Photosystem II (PSII)
« Found in
> Purple bacteria
» Green filamentous bacteria
* both are strict anaerobes
+ PSII is combined with cytochrome bc to create a
proton gradient that is used fo synthesize ATP.
» cytochrome bc is complex III from the electron
transport chain.

Chem 352, Lecture 9: Phofosynthesis 9.
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Photosystem II (PSII)

Two related photosystems have evolved in
the the last 2.8 billion years.
+ Photosystem II (PSII)
« Found in
> Purple bacteria

» Green filamentous bacteria
+ both are strict anaerobes
+ PSII is combined with cytochrome bc to create a
proton gradient that is used to synthesize ATP.

> cytochrome bc is complex III from the electron
transport chain.

Chem 352, Lecture 9: Phofosynthesis 9.

Photosystem II (PSII)

Two related photosystems have evolved in
the the last 2.8 billion years.

+ Photosystem II (PSII)

« Found in
Table 15.1 Photosystem Il reactions

Psil: 2P870 + 2 photons —> 2 P870% + 2¢O
Q+26° +2H%, — QH,

Cyt bey: 2QH; + 2cytc(Fe®) — 2Q + 2 cytc (FeD) + 4 HOyy + 2°
Q+2¢° + 2HE, —> QH,

PSII: 2cytc(Fe®@) + 2P8709 — 2 cyt ¢ (Fe®@) + 2 P870

Sum: 2 photons + 4 H®, —> 4 HE,,

Chem 352, Lecture 9: Phofosynthesis 9.
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Photosystem II (PSII)

Two related photosystems have evolved in
the the last 2.8 billion years.
+ Photosystem II (PSII)
« Found in
> Purple bacteria
» Green filamentous bacteria
+ both are strict anaerobes
+ PSII is combined with cytochrome bc to create a
proton gradient that is used fo synthesize ATP.

» cytochrome bc is complex III from the electron
transport chain.

Chem 352, Lecture 9: Phofosynthesis 9.




Photosystem I (PSI)

Two related photosystems have evolved
in the the last 2 billion years.

+ Photosystem I (PSI)

« Found in
> Heliobacteria
» Green sulfur bacteria

« Combines PSI with cytochrome bc
» cytochrome bc is complex III from the

electron transport chain.

« Creates either a proton gradient that is used fo
synthesize ATP.
> or reduces NADP+ to NADPH + H*.

Chem 352, Lecture 9: Photosynthesis 10
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Photosystem I (PSI)

Two related photosystems have evolved
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Photosystem I (PSI)

Two related photosystems have evolved
in the the last 2 billion years.

+ Photosystem I (PSI)

« Found in
> Heliobacteria
» Green sulfur bacteria

« Combines PSI with cytochrome bc
» cytochrome bc is complex III from the

electron transport chain.

« Creates either a proton gradient that is used fo
synthesize ATP.
> or reduces NADP+ to NADPH + H*.
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Photosystem I (PSI)
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Photosystem I (PSI)

—— Cyclic———Non-cydic—
hv

¢ ]
oA Cytochrome ¢

Table 15.2 The photosystem | reactions

PSI: 2P700 + 2 photons —> 2 P700® + 2 €2
2Fdox + 262 + — 2Fdreg
FNR: Fdeg + H® + FAD = Fd,, + FADH-

Fdreg + H® + FADH- = Fd,, + FADH,
FADH, + NADP® = FAD + NADPH + H®

Sum: 2 P700 + 2 photons + NADP® + H® — 2 7009 + NADPH

complex FQR 2Fdeq th )
2Fd,,  2Fde, > NADPH ppp i p, ATP

Them 352, Tecture 7 10
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Photosystem I (PSI)
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Photosystem I (PSI)

Two related photosystems have evolved
in the the last 2 billion years.
+ Photosystem I (PSI)
« Found in
> Heliobacteria
» Green sulfur bacteria
« Combines PSI with cytochrome bc
» cytochrome bc is complex III from the
electron transport chain.
« Creates either a proton gradient that is used fo
synthesize ATP.
> or reduces NADP+ fo NADPH + H+.

Chem 352, Lecture 9: Phofosynthesis 10
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The Evolution of Photosystems

Cyanobacteria coupled the two

systems together.
+ An oxygen evolving complex evolved to supply the
electrons fo PSII
+ Cytochrome bf (instead of cytochrome bc) is used
to reoxidize plastoquinone (instead of ubiquinone)
and reduce the blue copper protein, plastocyanin,
or cytochrome ¢

+ Plastocyanin (or cytochrome c) then reduces PSI,
which in turn reduces NADP+ to NADPH + H*.

Chem 352, Lecture 9: Phofosynthesis 11




The Evolution of Photosystems
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The Evolution of Photosystems

Cyanobacteria coupled the two

systems together.

+ An oxygen evolving complex evolved to supply the
electrons fo PSII

+ Cytochrome bf (instead of cytochrome bc) is used
to reoxidize plastoquinone (instead of ubiquinone)
and reduce the blue copper protein, plastocyanin,
or cytochrome ¢

+ Plastocyanin (or cytochrome c) then reduces PSI,
which in turn reduces NADP+ to NADPH + H+.
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The Evolution of Photosystems
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The Evolution of Photosystems

Cyanobacteria coupled the two

systems together.

+ An oxygen evolving complex evolved to supply the
electrons fo PSII

+ Cytochrome bf (instead of cytochrome bc) is used
to reoxidize plastoquinone (instead of ubiquinone)
and reduce the blue copper protein, plastocyanin,
or cytochrome ¢

+ Plastocyanin (or cytochrome c) then reduces PSI,
which in turn reduces NADP+ to NADPH + H+.
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The Evolution of Photosystems

Cyanobacteria coupled the two

Table 15.3 The photosynthesis reactions in species with both photosystems
Psil: 2P680 + 2 photons — 2 P680% + 2 ¢
PQ + 265 + 2HE, — PQH,
OFEC: H0 — }0; + 2HEp + 262
2P680® + 269 — 2P680
Cyt bf: 2PQH; + 2 plastocyanin (Cu®) — 2 PQ + 2 plastocyanin (Cu®) + 4 HEyy + 2 €€
PQ + 2HS, + 269 — PQH,
Psi: 2P700 + 2 photons — 2 P7009 + 268
2Fdgy + 20 — 2Fdrg
2 plastocyanin (Cu®) + 2 P7009 —» 2 plastocyanin (Cu?*) + 2 P700
FENR: 2Fdieg + HO + NAD 2 Fdgy + NADPH
Sum:  HO + 4 photons + 4 HE, + NADP® + H® — 10, + 6 HOy, + NADPH

Chem 352, Lecture 9: Phofosynthesis 11




The Evolution of Photosystems
Cyanobacteria coupled the two
systems together.

+ An oxygen evolving complex evolved to supply the
electrons fo PSII

+ Cytochrome bf (instead of cytochrome bc) is used
to reoxidize plastoquinone (instead of ubiquinone)

and reduce the blue copper protein, plastocyanin,
or cytochrome ¢

+ Plastocyanin (or cytochrome c) then reduces PSI,
which in turn reduces NADP+ to NADPH + H*.

Chem 352, Lecture 9: Phofosynthesis 11

The Evolution of Photosystems

12
By coupling the two systems

+ Cyanobacteria are able to produces both ATP
and reduced NADPH + H+.

+ Use water as as its source of electrons.

Chem 352, Lecture 9: Phofosynthess 12

Plant Photosynthesis

13-1

Plant photosynthesis takes place in

organelles calls chloroplasts.

* The chloroplasts found in photo-synthesizing
eukaryotes are believed to have evolved from

cyanobacteria, which established a symbiotic
relationship with eukaryotes

Chem 352, Lecture 9: Phofosynthesis 13

Plant Photosynthesis

13-2
Plant photosynthesis takes place in
organelles calls chloroplasts.

Thylakoid

* The chloroplasts found in photo-synthesizing
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Plant Photosynthesis

13-3
Plant photosynthesis takes place in
organelles calls chloroplasts.

* The chloroplasts

found in photo-synthesizing
Thylakoid ™ Gore, S -

Carboxysomes Outer membrane.

—100nm

Cyanobacterium Chloroplast
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Plant Photosynthesis

Plant photosynthesis takes place in
organelles calls chloroplasts.

* The chloroplasts found in photo-synthesizing
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Plant Photosynthesis

Plant photosynthesis takes place in
organelles calls chloroplasts.

* The chloroplasts found in photo-synthesizing

e S

Carboxysomes Outer membrane.

Cyanobacterium Chloroplast
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Plant Photosynthesis
Plant photosynthesis takes place in
organelles calls chloroplasts.

* The chloroplasts found in photo-synthesizing
eukaryotes are believed to have evolved from
cyanobacteria, which established a symbiotic
relationship with eukaryotes

Chem 352, Lecture 9: Photosynthesis 13
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Plant Photosynthesis

-Chloroplasts have double membranes,
like mitochondria.

Intermembrane  Outer
space membrane |nner
/

membrane

Stroma

Lumen
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Thylakoid  Granal lamellae
membrane lamellae
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Plant Photosynthesis

-Chloroplasts have double membranes,
like mitochondria.
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The Dark Reactions

Parts of the Calvin Cycle resembles
narte nf hnth

16-2

Ribulose €0z
/,1,5—bisphospha(\(l
Carboxylation
3-Phosphoglycerate
Carbohydrates Regeneration ATE
ADP
Reduction
G'z‘(;?;l‘;f";{:e 1,3-Bisphosphoglycerate
P NADPH
NADP® + H®
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The Dark Reactions

Parts of the Calvin Cycle resembles
narte nf hnth
Ribulose €Oz

/1,s—bisphosphac\g
Carboxylation
3-Phosphoglycerate

Carbohydrates Regeneration ATP
ADP
Reduction
Glyceraldehyde 1,3-Bisphosphoglycerate

3-phosphate

P; NADPH
NADP® + HO
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The Dark Reactions

Parts of the Calvin Cycle resembles
narte nf hnth

Ribulose €0,
/1,5—bisphosphat (,
Carboxylati;m\
3-Phosphoglycerate
Carbohydrates Regeneration ATP

ADP

Glyceraldehyde Reduction

p ity 1,3-Bisphosphoglycerate
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The Dark Reactions
Rubisco (Ribulose bisphoshpate
carboxylase/oxygenase
+ 50% of soluble protein in leaves is rubisco
+ Very inefficient (Keat = 3 s°1)

+ Nearly every organic-based carbon on earth
has passed through the active site of this
enzyme.

Chem 352, Lecture 9: Phofosynthesis 17
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The Dark Reactions
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The Dark Reactions
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The Dark Reactions
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The Dark Reactions

Rubisco (Ribulose bisphoshpate
carboxylase/oxygenase
* The oxygenase activity is inefficient
« It consumes ATP and NADPH + H+
« It consumes O:
* The metabolism of the 2-Phosphoglycerate
leads to the release of CO:
* Is called photorespiration
+ Some plants, called Cs plants, can counteract
the oxygenase activity by concentrating CO2
in the leaf cells.

Chem 352, Lecture 9: Phofosynthesis 18
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The Dark Reactions

Rubisco (Ribulose bisphoshpate
carboxylase/oxygenase
* The oxygenase activity is inefficient
« It consumes ATP and NADPH + H+
« It consumes O:
* The metabolism of the 2-Phosphoglycerate
leads to the release of CO:
* Is called photorespiration
+ Some plants, called Cs plants, can counteract
the oxygenase activity by concentrating CO2
in the leaf cells.
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The Dark Reactions 19-1
‘Rubisco (Ribulose bisphoshpate
carboxylase/oxygenase

* The oxygenase activity is inefficient
> It consumes ATP and NADPH + H+
» It consumes O:
» The metabolism of the 2-Phosphoglycerate

leads to the release of CO.

* Is called photorespiration

+ Xerophilic plants, such as cactus and
pineapples, reduce their Hz0 loss during the
day by storing up CO. during the night
using the CAM pathway.
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The Dark Reactions 19-3

‘Rubisco (Ribulose bisphoshpate
carboxylase/oxygenase
* The oxygenase activity is inefficient
> It consumes ATP and NADPH + H+
» It consumes O:
» The metabolism of the 2-Phosphoglycerate
leads to the release of CO2
* Is called photorespiration
+ Xerophilic plants, such as cactus and
pineapples, reduce their Hz0 loss during the
day by storing up CO. during the night
using the CAM pathway.
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‘Lecture 10 - Lipid Metabolism
(Moran et al., Chapter 16)
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