
“A1”

= CHEMICAL ENERGY

= DISSIPATED HEAT ENERGY

A1

E-“Q2”

E-

IP

E-

CY

E-

PL

E-

PS-I

REDOX RXTS

ELECTRON TRANSPORT CHAIN #3

THYLAKOID GRANUM 

CHLOROPLAST

THYLAKOID

GRANUM

REDOX RXT

REDOX RXT

REDOX RXT

REDOX RXT

E-

DISSIPATED HT EGY

DISSIPATED HT EGY

DISSIPATED HT EGY

DISSIPATED HT EGY



“A1”

= CHEMICAL ENERGY

= DISSIPATED HEAT ENERGY

A1

E-“Q2”

E-

IP

E-

CY

E-

PL

E-

E-

PS-I

REDOX RXTS

IELECTRON TRANSPORT CHAIN #3

THYLAKOID GRANUM 

CHLOROPLAST

THYLAKOID

GRANUM

REDOX RXT

REDOX RXT

REDOX RXT

REDOX RXT

REDOX RXT

!

DISSIPATED HT EGY

DISSIPATED HT EGY

DISSIPATED HT EGY

DISSIPATED HT EGY

DISSIPATED HT EGY

REMEBER



“A1”

= CHEMICAL ENERGY

= DISSIPATED HEAT ENERGY

A1

E-“Q2”

E-

IP

E-

CY

E-

PL

E-

E-

PS-I

REDOX RXTS

!

CELECTRON TRANSPORT CHAIN #3

THYLAKOID GRANUM 

CHLOROPLAST

THYLAKOID

GRANUM

REDOX RXT

REDOX RXT

REDOX RXT

REDOX RXT

REDOX RXT

DISSIPATED HT EGY

DISSIPATED HT EGY

DISSIPATED HT EGY

DISSIPATED HT EGY

DISSIPATED HT EGY

REMEBER



“Q2”

CYCLIC P-P

PS-I

ANTENNA

MOLECULES

CHL A+B

XANTHOPHYLLS

CAROTENES

LIGHT

ENERGY

ETC #3

PS-I

RXT-CENTER

CHL-A P700

LIGHT

ENERGY

E-

E-

!
+
E-

REMEBER

I



“Q2”

CYCLIC P-P

PS-I

ANTENNA

MOLECULES

CHL A+B

XANTHOPHYLLS

CAROTENES

LIGHT

ENERGY

ETC #3

PS-I

RXT-CENTER

CHL-A P700

LIGHT

ENERGY

E-

E-

E-

!
+

E-

REMEBER

ETC3



“A1”

A1

E-“Q2”

E-

IP

E-

CY

E-

PL

E-

PS-I

E-

REDOX RXTS

ELECTRON TRANSPORT CHAIN #3

THYLAKOID GRANUM REDOX RXT

REDOX RXT

REDOX RXT

REDOX RXT

REDOX RXT

E-

DISSIPATED HT EGY

DISSIPATED HT EGY

DISSIPATED HT EGY

DISSIPATED HT EGY

DISSIPATED HT EGY



“A1”

A1

E-“Q2”

E-

IP

E-

CY

E-

PL

E-

PS-I

E-

REDOX RXTS

ELECTRON TRANSPORT CHAIN #3

THYLAKOID GRANUM REDOX RXT

REDOX RXT

REDOX RXT

REDOX RXT

REDOX RXT

?

A

E-

DISSIPATES

ENERGY

DISSIPATED HT EGY

DISSIPATED HT EGY

DISSIPATED HT EGY

DISSIPATED HT EGY

DISSIPATED HT EGY



“A1”

A1

E-“Q2”

E-

IP

E-

CY

E-

PL

E-

PS-I

E-

ATP-SYNTHASE

REDOX RXTS

?

AELECTRON TRANSPORT CHAIN #3

THYLAKOID GRANUM REDOX RXT

REDOX RXT

REDOX RXT

REDOX RXT

REDOX RXT

P + ADP

ENERGY

IN PUT

DISSIPATED HT EGY

DISSIPATED HT EGY

DISSIPATED HT EGY

DISSIPATED HT EGY



“A1”

A1

E-“Q2”

E-

IP

E-

CY

E-

PL

E-

PS-I

E-

ATP-SYNTHASE

REDOX RXTS

ELECTRON TRANSPORT CHAIN #3

THYLAKOID GRANUM REDOX RXT

REDOX RXT

REDOX RXT

REDOX RXT

REDOX RXT

P + ADP
IN PUT

ATP

ENERGY

A

DISSIPATED HT EGY

DISSIPATED HT EGY

DISSIPATED HT EGY

DISSIPATED HT EGY



PHOTOSYNTHESIS

LT RXT

THYLAKOID

GRANUM

LIGHT EGY

CHLOROPLAST

ATP

P + ADP ATP

CHEM EGY

INPUT

PASSED

DK



PHOTOSYNTHESIS

LT RXT

THYLAKOID

GRANUM

LIGHT EGY

CHLOROPLAST

ATP

P

P + ADP ATP

CHEM EGY

INPUT

DK RXT

STROMA



PHOTOSYNTHESIS

LT RXT

THYLAKOID

GRANUM

LIGHT EGY

CHLOROPLAST

ATP

P + ADP ATP

PHOSPHORYLATION

LT

P

CHEM EGY

INPUT

DK RXT

STROMA



PHOTOSYNTHESIS

LT RXT

THYLAKOID

GRANUM

LIGHT EGY

CHLOROPLAST

ATP

P + ADP ATP

PHOTO-PHOSPHORYLATION

>

C

CHEM EGY

INPUT

DK RXT

STROMA



PHOTOSYNTHESIS

LIGHT EGY

CHLOROPLAST

ATP

P + ADP ATP

PHOTO-PHOSPHORYLATION

CYCLIC >

CHEM EGY

INPUT

DK RXT

STROMA

LT RXT

THYLAKOID

GRANUM



ATP

SYNTHASE

H+     

H+     

H+     H+     

H+     H+     

H+     

H+     

E- E- E-

H+     

H+     

H+     

H+     

H+     H+     

P + ADP

E-

PHOSPHORYLATION

H+     

H+     H+     

H+     H+     H+     H+     

ETC

CMP

ETC

CMP

ETC

CMP

ETC

CMP

= HEAT ENERGY = CHEMICAL ENERGY

CHLOROPLAST 

THYLAKOID 

SPACE

CHLOROPLAST

THYLAKOID

ETC

CHLOROPLAST 

STROMA

PS-I

PS-II / PS-I

= ELECTRON TRANSPORT CHAIN COMPONENT

$

ATP

E-

CHEMIOSMOTIC

PHOSPHORYLATION

MODEL

CHEM EGY

INPUT

C



LIGHT REACTION
CYCLIC

PHOTO-PHOSPHORYLATION

SUMMARY



“Q2”

CYCLIC P-P

PS-I

ANTENNA

MOLECULES

CHL A+B

XANTHOPHYLLS

CAROTENES

LIGHT

ENERGY

ETC #3

PS-I

RXT-CENTER

CHL-A P700

LIGHT

ENERGY

E-

E-

ENERGIZED E-

DE



“Q2”

CYCLIC P-P

PS-I

ANTENNA

MOLECULES

CHL A+B

XANTHOPHYLLS

CAROTENES

LIGHT

ENERGY

ETC #3

PS-I

RXT-CENTER

CHL-A P700

LIGHT

ENERGY

E-

E-

ENERGIZED E-

ADISSIPATES

ENERGY



“Q2”

CYCLIC P-P

PS-I

ANTENNA

MOLECULES

CHL A+B

XANTHOPHYLLS

CAROTENES

LIGHT

ENERGY

ETC #3

PS-I

RXT-CENTER

CHL-A P700

LIGHT

ENERGY

E-

E-

ATP

ENERGIZED E-

E-

CHEM 

EGY

INPUT

+

CYCLIC

PHOTO-PHOSPHORYLATION

CHEMIOSMOTIC

PHOSPHORYLATION

MODEL



“Q2”

CYCLIC P-P

PS-I

ANTENNA

MOLECULES

CHL A+B

XANTHOPHYLLS

CAROTENES

LIGHT

ENERGY

ETC #3

PS-I

RXT-CENTER

CHL-A P700

LIGHT

ENERGY

E-

E-

E-

ATP

ENERGIZED E-

I

CHEM 

EGY

INPUT

!



“Q2”

CYCLIC P-P

PS-I

ANTENNA

MOLECULES

CHL A+B

XANTHOPHYLLS

CAROTENES

LIGHT

ENERGY

ETC #3

PS-I

RXT-CENTER

CHL-A P700

LIGHT

ENERGY

E-

E-

E-

ATP

^

CHEM 

EGY

INPUT

FL



LIGHT REACTION
CYCLIC

PHOTO-PHOSPHORYLATION

E- FLOW

+



PS-I

ANTENNA

MOLECULES

CHL A+B

XANTHOPHYLLS

CAROTENES

LIGHT

ENERGY

PS-I

RXT-CENTER

CHL-A P700

LIGHT

ENERGY

ETC #3

E-



PS-I

ANTENNA

MOLECULES

CHL A+B

XANTHOPHYLLS

CAROTENES

LIGHT

ENERGY

PS-I

RXT-CENTER

CHL-A P700

LIGHT

ENERGY

ETC #3
E-

E-

E-

E-

E-

!REMEBER

I



PS-I

ANTENNA

MOLECULES

CHL A+B

XANTHOPHYLLS

CAROTENES

LIGHT

ENERGY

PS-I

RXT-CENTER

CHL-A P700

LIGHT

ENERGY

ETC #3 E-E-

E-

E-E-

E-

E-

?

E-



PS-I

ANTENNA

MOLECULES

CHL A+B

XANTHOPHYLLS

CAROTENES

LIGHT

ENERGY

PS-I

RXT-CENTER

CHL-A P700

LIGHT

ENERGY

ETC #3 E-E-

E-

E-

E-

E-

E-

E-

?

RECYCLED

E-

Y



PS-I

ANTENNA

MOLECULES

CHL A+B

XANTHOPHYLLS

CAROTENES

LIGHT

ENERGY

PS-I

RXT-CENTER

CHL-A P700

LIGHT

ENERGY

ETC #3 E-E-

E-

E-E-

E-

E-

YES

RECYCLED

E-

?

E-



PS-I

ANTENNA

MOLECULES

CHL A+B

XANTHOPHYLLS

CAROTENES

LIGHT

ENERGY

PS-I

RXT-CENTER

CHL-A P700

LIGHT

ENERGY

ETC #3 E-E-

E-

E-E-

E-

E-

?

PHOTO-PHOSPHORYLATION

>

C

E-



PS-I

ANTENNA

MOLECULES

CHL A+B

XANTHOPHYLLS

CAROTENES

LIGHT

ENERGY

PS-I

RXT-CENTER

CHL-A P700

LIGHT

ENERGY

ETC #3 E-E-

E-

E-E-

E-

E-

CYCLIC

PHOTO-PHOSPHORYLATION

+

C

E-



“Q2”

CYCLIC P-P

PS-I

ANTENNA

MOLECULES

CHL A+B

XANTHOPHYLLS

CAROTENES

LIGHT

ENERGY

ETC #3

PS-I

RXT-CENTER

CHL-A P700

LIGHT

ENERGY

E-

E-

E-

ATP
CHEM 

EGY

INPUT

E- = RECYCLED

? A



PHOTOSYNTHESIS

LT RXT

THYLAKOID

GRANUM

LIGHT EGY

CHLOROPLAST

?

CYCLIC P-P

A

DK RXT

STROMA



PHOTOSYNTHESIS

LT RXT

THYLAKOID

GRANUM

LIGHT EGY

CHLOROPLAST

ATP

CYCLIC P-P

$

C

DK RXT

STROMA



“Q2”

CYCLIC P-P

PS-I

ANTENNA

MOLECULES

CHL A+B

XANTHOPHYLLS

CAROTENES

LIGHT

ENERGY

ETC #3

PS-I

RXT-CENTER

CHL-A P700

LIGHT

ENERGY

E-

E-

E-

ATP

^

CHEM 

EGY

INPUT

E- = RECYCLED



CYCLIC PHOTO

PHOSPHORYLATION

IMPORTANCE

P

LR



LIGHT

REACTION

PHOTOSYNTHESIS
N

MAPLE



E-
WATER       

PHOTOLYSIS

PS-I

RXT-CENTER

CHL-A P700

PS-II

ANTENNA

MOLECULES

CHL A+B

XANTHOPHYLLS

CAROTENES

PS-I

ANTENNA

MOLECULES

CHL A+B

XANTHOPHYLLS

CAROTENES

LIGHT

ENERGY

“Q”

PS-II

RXT-CENTER

CHL-A P680

“Q2”

E- TRANSPORT CHAIN / ETC #1

OXYGEN

ETC #2

NON-CYCLIC P-P

E-

E-

E-

E-

E- E-

ATP

NADPH

C

CHEM EGY

INPUT



“Q2”

CYCLIC P-P

PS-I

ANTENNA

MOLECULES

CHL A+B

XANTHOPHYLLS

CAROTENES

LIGHT

ENERGY

ETC #3

PS-I

RXT-CENTER

CHL-A P700

LIGHT

ENERGY

E-

E-

E-

ATP

DK

CHEM 

EGY

INPUT

E- = RECYCLED



DARK REACTION

REQUIRES

BOTH

ATP

AND

NADPH

G



RIBULOSE BISPHOSPHATE

CARBOXYLASE

(RUBP-CARBOXYLASE)

ATP

CO2 + RIBULOSE BISPHOSPHATE / (RUBP)

PHOSPHOGLYCERATE / (PGA) PHOSPHOGLYCERATE / (PGA)

ATP

DARK 

REACTION

ALL RXTS

REQUIRE

A SPECIFIC

ENZYME

BISPHOSPHOGLYCERATE / (BIPGA)

NADPH

BISPHOSPHOGLYCERATE / (BIPGA)

NADPH

COMPLEX SERIES

CHEMICAL RXTS

(CSCR)

RIBULOSE BISPHOSPHATE / (RUBP)

PHOSPHOGLYCERALDEHYDE / (PGAL)

CHEM EGY

INPUT

GLUCOSE

PHOSPHOGLYCERALDEHYDE / (PGAL)

UNSTABLE 6C COMPOUND

ATP

?

C



“Q2”

CYCLIC P-P

PS-I

ANTENNA

MOLECULES

CHL A+B

XANTHOPHYLLS

CAROTENES

LIGHT

ENERGY

ETC #3

PS-I

RXT-CENTER

CHL-A P700

LIGHT

ENERGY

E-

E-

E-

ATP

N

CHEM 

EGY

INPUT

E- = RECYCLED

?



E-
WATER       

PHOTOLYSIS

PS-I

RXT-CENTER

CHL-A P700

PS-II

ANTENNA

MOLECULES

CHL A+B

XANTHOPHYLLS

CAROTENES

PS-I

ANTENNA

MOLECULES

CHL A+B

XANTHOPHYLLS

CAROTENES

LIGHT

ENERGY

“Q”

PS-II

RXT-CENTER

CHL-A P680

“Q2”

E- TRANSPORT CHAIN / ETC #1

OXYGEN

ETC #2

NON-CYCLIC P-P

E-

E-

E-

E-

E- E-

ATP

NADPH

CHEM EGY

INPUT

G

+



RIBULOSE BISPHOSPHATE

CARBOXYLASE

(RUBP-CARBOXYLASE)

ATP

CO2 + RIBULOSE BISPHOSPHATE / (RUBP)

PHOSPHOGLYCERATE / (PGA) PHOSPHOGLYCERATE / (PGA)

ATP

DARK 

REACTION

ALL RXTS

REQUIRE

A SPECIFIC

ENZYME

BISPHOSPHOGLYCERATE / (BIPGA)

NADPH

BISPHOSPHOGLYCERATE / (BIPGA)

NADPH

COMPLEX SERIES

CHEMICAL RXTS

(CSCR)

RIBULOSE BISPHOSPHATE / (RUBP)

PHOSPHOGLYCERALDEHYDE / (PGAL)

CHEM EGY

INPUT

P

GLUCOSE

UNSTABLE 6C COMPOUND

ATP

PHOSPHOGLYCERALDEHYDE / (PGAL)



PLANTS PREFER

NON-CYCLIC P-P

OVER 

CYCLIC P-P

DK



DARK REACTION

REQUIRES

MORE

ATP

THAN

NADPH

G



RIBULOSE BISPHOSPHATE

CARBOXYLASE

(RUBP-CARBOXYLASE)

ATP

CO2 + RIBULOSE BISPHOSPHATE / (RUBP)

PHOSPHOGLYCERATE / (PGA) PHOSPHOGLYCERATE / (PGA)

ATP

DARK 

REACTION

ALL RXTS

REQUIRE

A SPECIFIC

ENZYME

BISPHOSPHOGLYCERATE / (BIPGA)

NADPH NADPH

COMPLEX SERIES

CHEMICAL RXTS

(CSCR)

RIBULOSE BISPHOSPHATE / (RUBP)

PHOSPHOGLYCERALDEHYDE / (PGAL)

CHEM EGY

INPUT

GLUCOSE

UNSTABLE 6C COMPOUND

PHOSPHOGLYCERALDEHYDE / (PGAL)

BISPHOSPHOGLYCERATE / (BIPGA)

ATP

3



RIBULOSE BISPHOSPHATE

CARBOXYLASE

(RUBP-CARBOXYLASE)

ATP

CO2 + RIBULOSE BISPHOSPHATE / (RUBP)

PHOSPHOGLYCERATE / (PGA) PHOSPHOGLYCERATE / (PGA)

ATP

DARK 

REACTION

ALL RXTS

REQUIRE

A SPECIFIC

ENZYME

BISPHOSPHOGLYCERATE / (BIPGA)

NADPH

BISPHOSPHOGLYCERATE / (BIPGA)

NADPH

COMPLEX SERIES

CHEMICAL RXTS

(CSCR)

RIBULOSE BISPHOSPHATE / (RUBP)

PHOSPHOGLYCERALDEHYDE / (PGAL)

CHEM EGY

INPUT

GLUCOSE

UNSTABLE 6C COMPOUND

PHOSPHOGLYCERALDEHYDE / (PGAL)

ATP

+2



RIBULOSE BISPHOSPHATE

CARBOXYLASE

(RUBP-CARBOXYLASE)

ATP

CO2 + RIBULOSE BISPHOSPHATE / (RUBP)

PHOSPHOGLYCERATE / (PGA) PHOSPHOGLYCERATE / (PGA)

ATP

DARK 

REACTION

ALL RXTS

REQUIRE

A SPECIFIC

ENZYME

BISPHOSPHOGLYCERATE / (BIPGA)

NADPH

BISPHOSPHOGLYCERATE / (BIPGA)

NADPH

COMPLEX SERIES

CHEMICAL RXTS

(CSCR)

RIBULOSE BISPHOSPHATE / (RUBP)

PHOSPHOGLYCERALDEHYDE / (PGAL)PHOSPHOGLYCERALDEHYDE / (PGAL)

CHEM EGY

INPUT

1

N

GLUCOSE

UNSTABLE 6C COMPOUND

ATP



E-
WATER       

PHOTOLYSIS

PS-I

RXT-CENTER

CHL-A P700

PS-II

ANTENNA

MOLECULES

CHL A+B

XANTHOPHYLLS

CAROTENES

PS-I

ANTENNA

MOLECULES

CHL A+B

XANTHOPHYLLS

CAROTENES

LIGHT

ENERGY

“Q”

PS-II

RXT-CENTER

CHL-A P680

“Q2”

E- TRANSPORT CHAIN / ETC #1

OXYGEN

ETC #2

NON-CYCLIC P-P

E-

E-

E-

E-

E- E-

ATP

NADPH

CHEM EGY

INPUT

G



RIBULOSE BISPHOSPHATE

CARBOXYLASE

(RUBP-CARBOXYLASE)

ATP

CO2 + RIBULOSE BISPHOSPHATE / (RUBP)

PHOSPHOGLYCERATE / (PGA) PHOSPHOGLYCERATE / (PGA)

ATP

DARK 

REACTION

ALL RXTS

REQUIRE

A SPECIFIC

ENZYME

BISPHOSPHOGLYCERATE / (BIPGA)

NADPH NADPH

COMPLEX SERIES

CHEMICAL RXTS

(CSCR)

RIBULOSE BISPHOSPHATE / (RUBP)

PHOSPHOGLYCERALDEHYDE / (PGAL)

CHEM EGY

INPUT

GLUCOSE

UNSTABLE 6C COMPOUND

PHOSPHOGLYCERALDEHYDE / (PGAL)

BISPHOSPHOGLYCERATE / (BIPGA)

ATP

3



RIBULOSE BISPHOSPHATE

CARBOXYLASE

(RUBP-CARBOXYLASE)

ATP

CO2 + RIBULOSE BISPHOSPHATE / (RUBP)

PHOSPHOGLYCERATE / (PGA) PHOSPHOGLYCERATE / (PGA)

ATP

DARK 

REACTION

ALL RXTS

REQUIRE

A SPECIFIC

ENZYME

BISPHOSPHOGLYCERATE / (BIPGA)

NADPH

BISPHOSPHOGLYCERATE / (BIPGA)

NADPH

COMPLEX SERIES

CHEMICAL RXTS

(CSCR)

RIBULOSE BISPHOSPHATE / (RUBP)

PHOSPHOGLYCERALDEHYDE / (PGAL)

CHEM EGY

INPUT

GLUCOSE

UNSTABLE 6C COMPOUND

PHOSPHOGLYCERALDEHYDE / (PGAL)

ATP

2



RIBULOSE BISPHOSPHATE

CARBOXYLASE

(RUBP-CARBOXYLASE)

ATP

CO2 + RIBULOSE BISPHOSPHATE / (RUBP)

PHOSPHOGLYCERATE / (PGA) PHOSPHOGLYCERATE / (PGA)

ATP

DARK 

REACTION

ALL RXTS

REQUIRE

A SPECIFIC

ENZYME

BISPHOSPHOGLYCERATE / (BIPGA)

NADPH

BISPHOSPHOGLYCERATE / (BIPGA)

NADPH

COMPLEX SERIES

CHEMICAL RXTS

(CSCR)

RIBULOSE BISPHOSPHATE / (RUBP)

PHOSPHOGLYCERALDEHYDE / (PGAL)PHOSPHOGLYCERALDEHYDE / (PGAL)

CHEM EGY

INPUT

GLUCOSE

UNSTABLE 6C COMPOUND

ATP

?



PLANTS

EXPERIENCES

PHOTOSYNTHESIS

?

DEFICIENCY

A



PLANTS

EXPERIENCES

PHOTOSYNTHESIS

ATP

DEFICIENCY

N



E-
WATER       

PHOTOLYSIS

PS-I

RXT-CENTER

CHL-A P700

PS-II

ANTENNA

MOLECULES

CHL A+B

XANTHOPHYLLS

CAROTENES

PS-I

ANTENNA

MOLECULES

CHL A+B

XANTHOPHYLLS

CAROTENES

LIGHT

ENERGY

“Q”

PS-II

RXT-CENTER

CHL-A P680

“Q2”

E- TRANSPORT CHAIN / ETC #1

OXYGEN

ETC #2

NON-CYCLIC P-P

E-

E-

E-

E-

E- E-

ATP

NADPH

CHEM EGY

INPUT

C



“Q2”

CYCLIC P-P

PS-I

ANTENNA

MOLECULES

CHL A+B

XANTHOPHYLLS

CAROTENES

LIGHT

ENERGY

ETC #3

PS-I

RXT-CENTER

CHL-A P700

LIGHT

ENERGY

E-

E-

E-

ATP

>

CHEM 

EGY

INPUT

E- = RECYCLED



PLANTS RELY

CYCLIC P-P

ELIMINATE

PHOTOSYNTHESIS

ATP

DEFICIENCY

^

?



WHAT IS THE ACCEPTED 

MODEL FOR ATP 

PHOSPHORYLATION DURING 

THE LIGHT REACTIONS?

QUESTION

QUESTION

N

?



E-
WATER       

PHOTOLYSIS

PS-I

RXT-CENTER

CHL-A P700

PS-II

ANTENNA

MOLECULES

CHL A+B

XANTHOPHYLLS

CAROTENES

PS-I

ANTENNA

MOLECULES

CHL A+B

XANTHOPHYLLS

CAROTENES

LIGHT

ENERGY

“Q”

PS-II

RXT-CENTER

CHL-A P680

“Q2”

E- TRANSPORT CHAIN / ETC #1

OXYGEN

ETC #2

NON-CYCLIC P-P

E-

E-

E-

E-

E- E-

ATP

NADPH

CHEM EGY

INPUT

C

?



“Q2”

CYCLIC P-P

PS-I

ANTENNA

MOLECULES

CHL A+B

XANTHOPHYLLS

CAROTENES

LIGHT

ENERGY

ETC #3

PS-I

RXT-CENTER

CHL-A P700

LIGHT

ENERGY

E-

E-

E-

ATP

?

CHEM 

EGY

INPUT

E- = RECYCLED

+



ATP

SYNTHASE

H+     

H+     

H+     H+     

H+     H+     

H+     

H+     

ATP

E- E- E-

H+     

H+     

H+     

H+     

H+     H+     

E-

PHOSPHORYLATION

H+     

H+     H+     

H+     H+     H+     H+     

ETC

CMP

ETC

CMP

ETC

CMP

ETC

CMP

= HEAT ENERGY = CHEMICAL ENERGY

CHLOROPLAST 

THYLAKOID 

SPACE

CHLOROPLAST 

STROMA

PS-I

PS-II / PS-I

= ELECTRON TRANSPORT CHAIN COMPONENT

E-

?

C

CHLOROPLAST

THYLAKOID

MEMBRANE

CHEM EGY

INPUT

P + ADP



ATP

SYNTHASE

H+     

H+     

H+     H+     

H+     H+     

H+     

H+     

ATP

E- E- E-

H+     

H+     

H+     

H+     

H+     H+     

E-

PHOSPHORYLATION

H+     

H+     H+     

H+     H+     H+     H+     

ETC

CMP

ETC

CMP

ETC

CMP

ETC

CMP

= HEAT ENERGY = CHEMICAL ENERGY

CHLOROPLAST 

THYLAKOID 

SPACE

CHLOROPLAST 

STROMA

PS-I

PS-II / PS-I

= ELECTRON TRANSPORT CHAIN COMPONENT

E-

^ CHEMIOSMOTIC

PHOSPHORYLATION

MODEL

CHLOROPLAST

THYLAKOID

MEMBRANE

CHEM EGY

INPUT

P + ADP



CHEMIOSMOTIC

PHOSPHORYLATION

MODEL

+



ATP

SYNTHASE

H+     

H+     

H+     H+     

H+     H+     

H+     

H+     

ATP

E- E- E-

H+     

H+     

H+     

H+     

H+     H+     

E-

PHOSPHORYLATION

H+     

H+     H+     

H+     H+     H+     H+     

ETC

CMP

ETC

CMP

ETC

CMP

ETC

CMP

= HEAT ENERGY = CHEMICAL ENERGY

CHLOROPLAST 

THYLAKOID 

SPACE

CHLOROPLAST 

STROMA

PS-I

PS-II / PS-I

= ELECTRON TRANSPORT CHAIN COMPONENT

!

E-

> CHEMIOSMOTIC

PHOSPHORYLATION

MODEL

CHLOROPLAST

THYLAKOID

MEMBRANE

CHEM EGY

INPUT

P + ADP



CHEMIOSMOTIC

PHOSPHORYLATION

MODEL

NOT FULLY

UNDERSTOOD

^



CHEMIOSMOTIC

PHOSPHORYLATION

CHLOROPLAST



CHLOROPLAST

ULTRASTRUCTURE

STROMA
DOUBLE MEMBRANE

GRANUM

VESICLES

THYLAKOID MEMBRANE

N



CHLOROPLAST 

THYLAKOID

GRANUM

THYLAKOID VESICLE

THYLAKOID SPACE

THYLAKOID MEMBRANE

NON-CYCLIC P-P

N-C P-P

ETC

CHLOROPLAST

THYLAKOID

GRANUM

STROMA



E-
WATER       

PHOTOLYSIS

PS-I

RXT-CENTER

CHL-A P700

PS-II

ANTENNA

MOLECULES

CHL A+B

XANTHOPHYLLS

CAROTENES

PS-I

ANTENNA

MOLECULES

CHL A+B

XANTHOPHYLLS

CAROTENES

LIGHT

ENERGY

“Q”

PS-II

RXT-CENTER

CHL-A P680

“Q2”

E- TRANSPORT CHAIN / ETC #1

OXYGEN

ETC #2

NON-CYCLIC P-P

E-

E-

E-

E-

E- E-

NADPH

ATP

CHEM EGY

INPUT

ETC



“A1”

= CHEMICAL ENERGY

= DISSIPATED HEAT ENERGY

ELECTRON TRANSPORT CHAIN #1

“Q”

E-
R

THYLAKOID GRANUM 

CHLOROPLAST

THYLAKOID

GRANUM

= ELECTRON TRANSPORT CHAIN COMPONENT



“A1”

= CHEMICAL ENERGY

= DISSIPATED HEAT ENERGY

REDOX RXTS

“Q”

E-
ELECTRON TRANSPORT CHAIN #1

THYLAKOID GRANUM 

CHLOROPLAST

THYLAKOID

GRANUM

R



“A1”

= CHEMICAL ENERGY

= DISSIPATED HEAT ENERGY

PH

REDOX RXTS

E-“Q”

E-
ELECTRON TRANSPORT CHAIN #1

THYLAKOID GRANUM REDOX RXT

CHLOROPLAST

THYLAKOID

GRANUM

DISSIPATED HT EGY

R



E-

E-

“A1”

= CHEMICAL ENERGY

= DISSIPATED HEAT ENERGY

PH

PQ

REDOX RXTS

“Q”

E-
ELECTRON TRANSPORT CHAIN #1

THYLAKOID GRANUM REDOX RXT

REDOX RXT

CHLOROPLAST

THYLAKOID

GRANUM

DISSIPATED HT EGY

DISSIPATED HT EGY

R



E-

E-

E-

“A1”

= CHEMICAL ENERGY

= DISSIPATED HEAT ENERGY

PH

PQ

REDOX RXTS

“Q”

E-
ELECTRON TRANSPORT CHAIN #1

THYLAKOID GRANUM REDOX RXT

REDOX RXT

REDOX RXT

CHLOROPLAST

THYLAKOID

GRANUM

CY
COMPLEX

DISSIPATED HT EGY

DISSIPATED HT EGY

DISSIPATED HT EGY

R



E-

E-

E-

“A1”

E-

= CHEMICAL ENERGY

= DISSIPATED HEAT ENERGY

PH

PQ

CY

PL
REDOX RXTS

“Q”

E-
ELECTRON TRANSPORT CHAIN #1

THYLAKOID GRANUM REDOX RXT

REDOX RXT

REDOX RXT

REDOX RXT

CHLOROPLAST

THYLAKOID

GRANUM

DISSIPATED HT EGY

DISSIPATED HT EGY

DISSIPATED HT EGY

DISSIPATED HT EGY

R



E-

E-

E-

E-

“A1”

E-

= CHEMICAL ENERGY

= DISSIPATED HEAT ENERGY

PH

PQ

CY

PL

PS-I

REDOX RXTS

“Q”

E-
ELECTRON TRANSPORT CHAIN #1

THYLAKOID GRANUM REDOX RXT

REDOX RXT

REDOX RXT

REDOX RXT

REDOX RXT

CHLOROPLAST

THYLAKOID

GRANUM

E-

DISSIPATED HT EGY

DISSIPATED HT EGY

DISSIPATED HT EGY

DISSIPATED HT EGY

DISSIPATED HT EGY



E-

E-

E-

E-

“A1”

PH

PQ

CY

PL
REDOX RXTS

“Q”

E-

PS-I

ELECTRON TRANSPORT CHAIN #1

THYLAKOID GRANUM REDOX RXT

REDOX RXT

REDOX RXT

REDOX RXT

DISSIPATED HT EGY

DISSIPATED HT EGY

DISSIPATED HT EGY

DISSIPATED HT EGY

DISSIPATED HT EGY

E- REDOX RXT

DISSIPATES

ENERGY

E-

A

= CHEMICAL ENERGY

= DISSIPATED HEAT ENERGY



E-

E-

E-

E-

“A1”

PH

PQ

CY

PL
REDOX RXTS

“Q”

E-

PS-I

ELECTRON TRANSPORT CHAIN #1

THYLAKOID GRANUM REDOX RXT

REDOX RXT

REDOX RXT

REDOX RXT

DISSIPATED HT EGY

DISSIPATED HT EGY

DISSIPATED HT EGY

DISSIPATED HT EGY

DISSIPATED HT EGY

E- REDOX RXT

ATP

E-

DISSIPATES

ENERGY

PHOSPHORYLATION

A



E-
WATER       

PHOTOLYSIS

PS-I

RXT-CENTER

CHL-A P700

PS-II

ANTENNA

MOLECULES

CHL A+B

XANTHOPHYLLS

CAROTENES

PS-I

ANTENNA

MOLECULES

CHL A+B

XANTHOPHYLLS

CAROTENES

LIGHT

ENERGY

“Q”

PS-II

RXT-CENTER

CHL-A P680

“Q2”

E- TRANSPORT CHAIN / ETC #1

OXYGEN

ETC #2

NON-CYCLIC P-P

E-

E-

E-

E-

E- E-

NADPH

ATP

CHEM EGY

INPUT

?

C



ATP

SYNTHASE

H+     

H+     

H+     H+     

H+     H+     

H+     

H+     

ATP

E- E- E-

H+     

H+     

H+     

H+     

H+     H+     

E-

PHOSPHORYLATION

H+     

H+     H+     

H+     H+     H+     H+     

ETC

CMP

ETC

CMP

ETC

CMP

ETC

CMP

= HEAT ENERGY = CHEMICAL ENERGY

CHLOROPLAST 

THYLAKOID 

SPACE

CHLOROPLAST 

STROMA

PS-I

PS-II / PS-I

= ELECTRON TRANSPORT CHAIN COMPONENT

E-

CHEMIOSMOTIC

PHOSPHORYLATION

MODEL

CHLOROPLAST

THYLAKOID

MEMBRANE

CHEM EGY

INPUT

P + ADP

^ C



CHLOROPLAST 

THYLAKOID

GRANUM

THYLAKOID VESICLE

THYLAKOID SPACE

STROMA

THYLAKOID MEMBRANE

CYCLIC P-P

C P-P

ETC

CHLOROPLAST

THYLAKOID

GRANUM



“Q2”

CYCLIC P-P

PS-I

ANTENNA

MOLECULES

CHL A+B

XANTHOPHYLLS

CAROTENES

LIGHT

ENERGY

ETC #3

PS-I

RXT-CENTER

CHL-A P700

LIGHT

ENERGY

E-

E-

E-

ATP

ETC

CHEM 

EGY

INPUT

E- = RECYCLED



“Q2”

“A1”

= CHEMICAL ENERGY

= DISSIPATED HEAT ENERGY

E-

= ELECTRON TRANSPORT CHAIN COMPONENT

RELECTRON TRANSPORT CHAIN #3

THYLAKOID GRANUM 

CHLOROPLAST

THYLAKOID

GRANUM



“Q2”

“A1”

= CHEMICAL ENERGY

= DISSIPATED HEAT ENERGY

E-
ELECTRON TRANSPORT CHAIN #3

THYLAKOID GRANUM 

CHLOROPLAST

THYLAKOID

GRANUM

REDOX RXTS

R



“A1”

= CHEMICAL ENERGY

= DISSIPATED HEAT ENERGY

A1

REDOX RXTS

E-“Q2”

E-
ELECTRON TRANSPORT CHAIN #3

THYLAKOID GRANUM REDOX RXT

CHLOROPLAST

THYLAKOID

GRANUM

DISSIPATED HT EGY

R



“A1”

= CHEMICAL ENERGY

= DISSIPATED HEAT ENERGY

A1

REDOX RXTS

E-“Q2”

E-

E-

ELECTRON TRANSPORT CHAIN #3

THYLAKOID GRANUM 

CHLOROPLAST

THYLAKOID

GRANUM

REDOX RXT

REDOX RXT

DISSIPATED HT EGY

DISSIPATED HT EGY

IP

R



“A1”

= CHEMICAL ENERGY

= DISSIPATED HEAT ENERGY

A1

REDOX RXTS

E-“Q2”

E-

IP

E-

CY

E-

ELECTRON TRANSPORT CHAIN #3

THYLAKOID GRANUM 

CHLOROPLAST

THYLAKOID

GRANUM

REDOX RXT

REDOX RXT

REDOX RXT

DISSIPATED HT EGY

DISSIPATED HT EGY

DISSIPATED HT EGY

R



“A1”

= CHEMICAL ENERGY

= DISSIPATED HEAT ENERGY

A1

E-“Q2”

E-

IP

E-

CY

E-

PL

E-

REDOX RXTS

ELECTRON TRANSPORT CHAIN #3

THYLAKOID GRANUM 

CHLOROPLAST

THYLAKOID

GRANUM

REDOX RXT

REDOX RXT

REDOX RXT

REDOX RXT

DISSIPATED HT EGY

DISSIPATED HT EGY

DISSIPATED HT EGY

DISSIPATED HT EGY

DISSIPATED HT EGY

R



“A1”

= CHEMICAL ENERGY

= DISSIPATED HEAT ENERGY

A1

E-“Q2”

E-

IP

E-

CY

E-

PL

E-

E-

PS-I

REDOX RXTS

ELECTRON TRANSPORT CHAIN #3

THYLAKOID GRANUM 

CHLOROPLAST

THYLAKOID

GRANUM

REDOX RXT

REDOX RXT

REDOX RXT

REDOX RXT

REDOX RXT

DISSIPATED HT EGY

DISSIPATED HT EGY

DISSIPATED HT EGY

DISSIPATED HT EGY

DISSIPATED HT EGY

E-



“A1”

= CHEMICAL ENERGY

= DISSIPATED HEAT ENERGY

A1

E-“Q2”

E-

IP

E-

CY

E-

PL

E-

E-

PS-I

REDOX RXTS

ELECTRON TRANSPORT CHAIN #3

THYLAKOID GRANUM REDOX RXT

REDOX RXT

REDOX RXT

REDOX RXT

REDOX RXT

DISSIPATED HT EGY

DISSIPATED HT EGY

DISSIPATED HT EGY

DISSIPATED HT EGY

DISSIPATED HT EGY

A

E-

DISSIPATES

ENERGY



“A1”

A1

E-“Q2”

E-

IP

E-

CY

E-

PL

E-

PS-I

ELECTRON TRANSPORT CHAIN #3

THYLAKOID GRANUM REDOX RXT

REDOX RXT

REDOX RXT

REDOX RXT

DISSIPATED HT EGY

DISSIPATED HT EGY

DISSIPATED HT EGY

DISSIPATED HT EGY

ATP

E-

DISSIPATES

ENERGY

E-

DISSIPATED HT EGY

PHOSPHORYLATION

A



“Q2”

CYCLIC P-P

PS-I

ANTENNA

MOLECULES

CHL A+B

XANTHOPHYLLS

CAROTENES

LIGHT

ENERGY

ETC #3

PS-I

RXT-CENTER

CHL-A P700

LIGHT

ENERGY

E-

E-

E-

ATP
CHEM 

EGY

INPUT

E- = RECYCLED

?

C



ATP

SYNTHASE

H+     

H+     

H+     H+     

H+     H+     

H+     

H+     

ATP

E- E- E-

H+     

H+     

H+     

H+     

H+     H+     

E-

PHOSPHORYLATION

H+     

H+     H+     

H+     H+     H+     H+     

ETC

CMP

ETC

CMP

ETC

CMP

ETC

CMP

= HEAT ENERGY = CHEMICAL ENERGY

CHLOROPLAST 

THYLAKOID 

SPACE

CHLOROPLAST 

STROMA

PS-I

PS-II / PS-I

= ELECTRON TRANSPORT CHAIN COMPONENT

E-

CHEMIOSMOTIC

PHOSPHORYLATION

MODEL

CHLOROPLAST

THYLAKOID

MEMBRANE

CHEM EGY

INPUT

P + ADP

^ N PS



E-
WATER       

PHOTOLYSIS

PS-I

RXT-CENTER

CHL-A P700

PS-II

ANTENNA

MOLECULES

CHL A+B

XANTHOPHYLLS

CAROTENES

PS-I

ANTENNA

MOLECULES

CHL A+B

XANTHOPHYLLS

CAROTENES

LIGHT

ENERGY

“Q”

PS-II

RXT-CENTER

CHL-A P680

“Q2”

E- TRANSPORT CHAIN / ETC #1

OXYGEN

ETC #2

NON-CYCLIC P-P

E-

E-

E-

E-

E- E-

NADPH

ATP

CHEM EGY

INPUT

C



“Q2”

CYCLIC P-P

PS-I

ANTENNA

MOLECULES

CHL A+B

XANTHOPHYLLS

CAROTENES

LIGHT

ENERGY

ETC #3

PS-I

RXT-CENTER

CHL-A P700

LIGHT

ENERGY

E-

E-

E-

ATP
CHEM 

EGY

INPUT

E- = RECYCLED

PS



ATP

SYNTHASE

H+     

H+     

H+     H+     

H+     H+     

H+     

H+     

ATP

E- E- E-

H+     

H+     

H+     

H+     

H+     H+     

E-

CHEMIOSMOTIC

PHOSPHORYLATION

MODEL

PHOSPHORYLATION

H+     

H+     H+     

H+     H+     H+     H+     

ETC

CMP

ETC

CMP

ETC

CMP

ETC

CMP

= HEAT ENERGY = CHEMICAL ENERGY

CHLOROPLAST 

THYLAKOID 

SPACE

PS-I

PS

= ELECTRON TRANSPORT CHAIN COMPONENT

CHLOROPLAST 

STROMA

E-

CHEM EGY

INPUT

P + ADP

CHLOROPLAST

THYLAKOID

MEMBRANE

PS



PS

CHLOROPHYLL A CHLOROPHYLL B

CAROTENES

XANTHOPHYLLS

CHLOROPLAST THYLAKOID

ANTENNA 

MOLECULES

PHOTOSYSTEM



PS

LT EGY LT EGY

CHLOROPLAST THYLAKOID

ANTENNA 

MOLECULES

PHOTOSYSTEM



LT EGY LT EGY

PS

RXT

CENTER

CHLOROPLAST THYLAKOID

ANTENNA 

MOLECULES

E-

REACTION CENTER: ABSORBS SUFFICIENT LIGHT ENERGY  



PS

LT EGY LT EGY

CHLOROPLAST THYLAKOID

RXT

CENTER

E-

= ENERGY

ENERGIZED E-

AC



CHEM EGYLT EGY

CHLOROPLAST THYLAKOID

RXT

CENTER

= ENERGY

E-

E- ACCEPTOR

E- ACCEPTOR: ACCEPTS ENERGIZED E-

C


