
3-PHOSPHOGLYCERATE - PGA 3-PHOSPHOGLYCERATE - PGA

PHOSPHOGLYCEROMUTASE

PYRUVATE PYRUVATE

PHOSPHOGLYCEROMUTASE

ENOLASE

PHOSPHOENOLPYRUVATE

2-PHOSPHOGLYCERATE - PGA

ENOLASE

PYRUVATE KINASE

PHOSPHOENOLPYRUVATE

PYRUVATE KINASE

ADP

2-PHOSPHOGLYCERATE - PGA

ATP ATP ADP

!!!GLYCOLYSIs: sugar splitting!!

EGYEGY

#



2 PYRUVATE / GLUCOSE

@



GLYCOLYSIS

OUTCOME
OUTCOME / GLUCOSE:

2 PYRUVATE:

K



GLYCOLYSIS

OUTCOME
OUTCOME / GLUCOSE:

2 PYRUVATE: KREBS CYCLE

^



NADH

?



? NADH / GLUCOSE

*



FRUCTOSE-1-6-BISPHOSPHATE

ALDOLASE

ISOMERASE

PHOSPHOGLYCERALDEHYDE - PGAL

1-3-BISPHOSPHOGLYCERATE

3-PHOSPHOGLYCERATE - PGA

PHOSPHOGLYCEROKINASE

ADP

PHOSPHOGLYCERALDEHYDE - PGAL

1-3-BISPHOSPHOGLYCERATE

PHOSPHOGLYCEROKINASE

ADP

3-PHOSPHOGLYCERATE - PGA

NAD+ E-

TRI-PHOSPHATE DEHYDROGENASE TRI-PHOSPHATE DEHYDROGENASE

= CHEM ENERGY

NADH NAD+

ATP

NADH

ATPEGY EGY

E-

#



2 NADH / GLUCOSE

@



GLYCOLYSIS

OUTCOME
OUTCOME / GLUCOSE:

2 PYRUVATE:

2 NADH:

KREBS CYCLE

E

E-



GLYCOLYSIS

OUTCOME
OUTCOME / GLUCOSE:

2 PYRUVATE:

2 NADH:

KREBS CYCLE

ETC

^



ATP

?



? ATP / GLUCOSE

A

?

!

*



HEXOKINASE

ADP

GLUCOSE-6-PHOSPHATE

PHOSPHOGLUCOISOMERASE

FRUCTOSE-6-PHOSPHATE

PHOSPHOFRUCTOKINASE

FRUCTOSE-1-6-BISPHOSPHATE

GLYCOLYSIS GLYCOLYSIS

RED = ENZYME

GLUCOSE

= CHEM ENERGY

EGY

EGY

ATP
EXPENDED

ATP
EXPENDED

ADP

!REMEBER

REMEBER!

+



FRUCTOSE-1-6-BISPHOSPHATE

ALDOLASE

ISOMERASE

PHOSPHOGLYCERALDEHYDE - PGAL PHOSPHOGLYCERALDEHYDE - PGAL

= CHEM ENERGY

?

A

P

*



FRUCTOSE-1-6-BISPHOSPHATE

ALDOLASE

ISOMERASE

PHOSPHOGLYCERALDEHYDE - PGAL

1-3-BISPHOSPHOGLYCERATE

3-PHOSPHOGLYCERATE - PGA

PHOSPHOGLYCEROKINASE

ADP

PHOSPHOGLYCERALDEHYDE - PGAL

1-3-BISPHOSPHOGLYCERATE

PHOSPHOGLYCEROKINASE

ADP

3-PHOSPHOGLYCERATE - PGA

NAD+ E-

TRI-PHOSPHATE DEHYDROGENASE TRI-PHOSPHATE DEHYDROGENASE

= CHEM ENERGY

NADH NAD+

ATP

NADH

ATPEGY EGY

E-

2

P



3-PHOSPHOGLYCERATE - PGA 3-PHOSPHOGLYCERATE - PGA

PHOSPHOGLYCEROMUTASE

PYRUVATE PYRUVATE

PHOSPHOGLYCEROMUTASE

ENOLASE

PHOSPHOENOLPYRUVATE

2-PHOSPHOGLYCERATE - PGA

ENOLASE

PYRUVATE KINASE

PHOSPHOENOLPYRUVATE

PYRUVATE KINASE

ADP

2-PHOSPHOGLYCERATE - PGA

ATP ATP ADP

!!!GLYCOLYSIs: sugar splitting!!

EGYEGY

#

2

?



2 ATP 

NET / GLUCOSE

@



GLYCOLYSIS

OUTCOME
OUTCOME / GLUCOSE:

2 PYRUVATE:

2 NADH:

2 ATP:

KREBS CYCLE

ETC

M



GLYCOLYSIS

OUTCOME
OUTCOME / GLUCOSE:

2 PYRUVATE:

2 NADH:

2 ATP:

KREBS CYCLE

ETC

METABOLISM

^

R



GLYCOLYSIS

PHOSPHORYLATION

?

!

P



PHOTOSYNTHESIS
A

DID 

PHOSPHORYLATION

OCCUR DURING

PHOTOSYNTHIS?



PHOTOSYNTHESIS
P

YES



PHOTOSYNTHESIS

E-

CO2

LT RXT

THYLAKOID

GRANUM

LIGHT EGY

CHLOROPLAST

OXYGEN

SYNTHESIS

PHOTO
ATMOSPHERE

ATMOSPHERE

PHOTOLYSIS

CHEM EGY

INPUT

DK RXT

STROMA

GLUCOSE

WATER

ATP

nadph

P



PHOTOSYNTHESIS

E-

CO2

LT RXT

THYLAKOID

GRANUM

LIGHT EGY

CHLOROPLAST

OXYGEN

SYNTHESIS

PHOTO
ATMOSPHERE

ATMOSPHERE

PHOTOLYSIS

CHEM EGY

INPUT

DK RXT

STROMA

GLUCOSE

WATER

ATP

nadph

N

PHOSPHORYLATION



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

CHEM EGY

OXYGEN

ETC # 2

E-

E-

E-

E-

E- E-

NADPH

ATP

NON-CYCLIC PHOTO

P



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

CHEM EGY

OXYGEN

ETC # 2

E-

E-

E-

E-

E- E-

NADPH

ATP

PHOSPHORYLATION

C



“Q2”

PS-I

ANTENNA

MOLECULES

CHL A+B

XANTHOPHYLLS

CAROTENES

LIGHT

ENERGY

ETC # 3

PS-I

RXT-CENTER

CHL-A P700

CHEM 

EGY

E-

E-

E-

ATP

LIGHT

ENERGY

E- = RECYCLED
CYCLIC PHOTO

P



“Q2”

PHOSPHORYLATION

PS-I

ANTENNA

MOLECULES

CHL A+B

XANTHOPHYLLS

CAROTENES

LIGHT

ENERGY

ETC # 3

PS-I

RXT-CENTER

CHL-A P700

CHEM 

EGY

E-

E-

E-

ATP

LIGHT

ENERGY

?
C

E- = RECYCLED



ATP

SYNTHASE

H+     

H+     

H+     H+     

H+     H+     

H+     

H+     

ATP

E- 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

PS-I

PS-II / PS-I

= ELECTRON TRANSPORT CHAIN COMPONENT

?

CHLOROPLAST 

STROMA

C

CHLOROPLAST

THYLAKOID

MEMBRANE P + ADP
CHEM EGY

INPUT



ATP

SYNTHASE

H+     

H+     

H+     H+     

H+     H+     

H+     

H+     

ATP

E- 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-II / PS-I

= ELECTRON TRANSPORT CHAIN COMPONENT

CHLOROPLAST 

STROMA

2 A

CHLOROPLAST

THYLAKOID

MEMBRANE P + ADP
CHEM EGY

INPUT

+



GLYCOLYSIS

OUTCOME
OUTCOME / GLUCOSE:

2 PYRUVATE:

2 NADH:

2 ATP:

KREBS CYCLE

ETC

METABOLISM

>

S

!!!2 atp: not phosphorylated via chemiosmotic model!!!
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