
Photosynthesis in Detail 
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• In photosynthesis many chemical 
reactions, enzymes and ions work 
together in a precise order. 

– Enzymes 

• Biological catalyst 

• Substance that initiates or speeds up 
the rate of a chemical reaction without 
being changed in the process 

– Ions 

• Positively or negatively charged atoms 

 

 
3/19/2014 2 Averett 



• 2 parts of photosynthesis 

– Light Dependent Reactions 

• Main function is to capture and convert 
solar energy to chemical energy and 
contain it in the bonds of NADPH and 
ATP 

– Light Independent Reactions 

• Main function is to build carbohydrate  
molecules using the chemical energy 
contained in NADPH  and ATP 
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Light Dependent Reactions 
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• The “photo” part of photosynthesis 

–Driven by light energy 

• Sunlight has many types of radiant energy 

–Ultraviolet radiation, Microwaves, Visible 
light 

» Appears white but is made up of several colors, or 
wavelengths, of light 

–Occurs in the thylakoid membranes 

–Water is a reactant 

• It is broken down into hydrogen ions, 
electrons and oxygen gas 

–Oxygen is a (waste) product 
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• Light energy is captured by 
pigment molecules and used to 
produce ATP and NADPH  

• Involves photosystems  

–These systems pass electrons from 1 
molecule to another and use their 
energy to synthesize ATP 

• Because light is the ultimate 
energy source, the synthesis of 
ATP in this pathway is called 
photophosphorylation 
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• Pigments - Molecules that absorb 
visible light  

–Different pigments absorb light of 
different wavelengths, and the 
wavelengths that are absorbed 
disappear, what isn’t absorbed is 
reflected. 

• The color we see is the color most 
reflected by the pigment 

– If a pigment absorbs all wavelengths, it 
appears black 

 

 

Photosynthetic Pigments 
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• Chlorophyll a and chlorophyll b are 
the 2 most important pigment 
molecules in photosynthesis 

–Chlorophyll a is the most important 
photosynthetic pigment 

• Other pigment molecules called 
accessory pigments help absorb light 
energy 

–Carotenoids –orange/red/yellow 

–Chlorophyll c and d 

–Xanthophylls – yellow/brown 
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• We see green 
when we look 
at a leaf 
because 
chlorophyll a 
and b absorb 
red and blue 
light while 
reflecting green 
light.   3/19/2014 9 Averett 



• Light comes packaged as photons 

–Photons – a fixed quantity of energy 
that is inversely related to the 
wavelength of light 

• The shorter the wavelength, the 
greater the energy of each photon of 
that light 

– A photon of red light  

has less energy than 

a photon of blue light 
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• When chlorophyll and other 
pigments absorb light energy they 
are absorbing photons.   

• When a photon meets a molecule, 
one of 3 things happens 

–The photon may bounce off the 
molecule – it may be reflected 

–The photon may pass through the 
molecule – it may be transmitted 

–The photon may be absorbed by the 
molecule… 
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• During 
photosynthesis 
photons are 
absorbed by 
clusters of 
pigment 
molecules in the 
thylakoid 
membrane 
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• All of these light absorbing pigments 
combine to form an energy absorbing 
antenna system 

–The accessory pigments send the energy 
to the central chlorophyll a molecule 
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• This energy boosts one of the 
electrons in the central chlorophyll 
molecule into a state where it has 
more potential energy. 

–The pigment molecule is said to be 
in an excited state 

• A higher energy state 
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• This causes the electron to be 
boosted into an orbital farther 
from the nucleus (a higher energy 
orbital) 

–The electron is now held less firmly 
by the molecule 

• It can be easily removed 

3/19/2014 16 Averett 



• Generally, when pigments absorb 
light, their excited electrons drop 
back down to a more stable level 
in a billionth of a second, releasing 
their excess energy as heat. 

–This is what makes pavement and 
black cars hot to the touch on sunny 
days. 

–This is not allowed to happen in 
chloroplasts!  

• They have photosystems!!!   
3/19/2014 17 Averett 



• 2 types of photosystems linked 
together in thylakoid membranes 
of chloroplasts 

–Photosystem I 

• Discovered first so named I… even 
though it comes second in process   

–Photosystem II 
 

Photosystems 

3/19/2014 18 Averett 



• Photosystem - organization of 
chlorophyll (and other pigments) with 
proteins in the thylakoid membranes 

 

 

– Each photosystem is comprised of various 
types of pigments that absorb light and 
pass the light energy to a reaction center. 

–Reaction centers are simply specific types 
of chlorophyll molecules in the center of 
the photosystem. 

• In plants this is always chlorophyll a 
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• The light energy absorbed by the 
antenna system is transferred 
from one pigment molecule to 
another as an electron 

–When this happens we say that the 
2nd molecule is reduced by the 1st 

• In a reduced molecule one of the 
electrons is zipping about in an orbital 
farther away from its nucleus 
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• Electrons 

– Electrons can become “excited” 

• Absorb energy and therefore have a 
higher energy level than before they 
became “excited” 

• Are used for energy during 
photosynthesis but very unstable so 
not a good source of energy for the 
cell’s general energy needs 
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– Energy from the excited electrons is 
used to make molecules that can 
carry energy 

• These molecules are used during the 
light independent reactions 

• ATP 

– Adenosine triphosphate 
» High energy molecule 

» Synthesized from ADP and Pi 

• NADPH 

–Nicotinamide adenine dinucleotide 
phosphate 

» High energy molecule 

» Synthesized from NADP+ an e- pair and a H 
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• Sharing the reaction center with 
the chlorophyll a molecule is a 
specialized molecule called the 
primary electron acceptor. 

– It is here that the excited electrons 
are captured instead of being 
allowed to drop back down to a 
more stable energy level by giving 
off that extra energy as heat.   
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• The chlorophyll a molecule at the 
reaction center loses one of its 
electrons to the primary electron 
acceptor 
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• These molecules can then transfer 
the electron to other 
molecules…each molecule is 
reduced in turn. 

–This creates an electron transport 
chain where electrons flow (or are 
passed) through a series of carriers.   
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• As the electron flows through this 
chain of carriers a little energy is 
released during each transfer 

• This energy is captured and used 
for the synthesis of ATP 

–This is called photophosphorylation 
because light energy is being used to 
add a phosphate group to ADP 
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Chemiosmosis 

• In order to synthesis ATP we must 
go through a process called 
chemiosmosis. 

–   electrons move through a series of 
redox reactions 

–These release energy 

– Energy is used to transport H+ across 
the thylakoid membrane from stroma 
to interior through active transport 

• It is being moved against its 
concentration gradient   3/19/2014 32 Averett 



–The H+ then diffuse back out of the 
thylakoid through specific protein 
channels in the thylakoid membrane 

• This is facilitated diffusion 

–These protein channels are the enzyme 
ATP synthase 

• ATP synthase couples 

the formation of ATP to the 

diffusion of protons back 

across the membrane 
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Non-cyclic Electron Flow 

• Light energy oxidizes water 

–All oxidation means is that it loses 
electrons 

• The electrons from water are used 
to replenish the electrons that 
chlorophyll a molecules lose when 
they are excited by light.   

–Ultimately electrons pass from water 
to chlorophyll to NADP+ to make 
NADPH + H+ 
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• Photosystem II uses light energy to 
oxidize water molecules, producing 
electrons, H+ and oxygen 

–Also called PSII and P680  

• because of wavelength absorbed 

• Photosystem I uses light energy to 
reduce NADP+ to make NADPH + H+   

–  Also called PSI and P700  

• Because of wavelength absorbed 
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• To keep non-cyclic electron flow 
going both Photosystems must 
constantly be absorbing light, 
which boosts electrons to higher 
orbitals from which they may be 
captured.   
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Step by step… 

• PSII absorbs photons 

• Sends electron from P680 to the 
first carrier in the electron 
transport chain 

• P680 is then missing an electron 

– It has been oxidized 

• Electrons from water fill this void 

• PSII can now absorb more photons 
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• The electrons from PSII (P680) pass 
through the electrons transport 
chain creating a H+ gradient. 

• H+ flow through ATP synthase and 
ATP is created. 

• The electron being passed through 
the electron transport chain is 
now low energy and goes to fill 
the void in PSI 
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• At the same time… 

–PSI (P700)  absorbs photons 

–Becomes excited 

– Sends an electron from P700 to carrier 
in another electron transport chain 

–The electron and 2 H+ from the 
stroma add to NADP+ (also in stroma) 
to make NADPH + H+   

• Light energy is now trapped in ATP 
and NADPH + H+  

• These are then used in Calvin Cycle 
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Cyclic Electron Flow 
• Non-cyclic electron flow produces 

equal amounts of ATP and NADPH 
+ H+  

• The Calvin Cycle uses more ATP 
than NADPH + H+  

• In order to keep things in balance, 
plants sometimes make use of a 
supplementary form of electron 
flow that does not generate 
NADPH + H+  3/19/2014 43 Averett 



• Electron flow that produces only 
ATP is called cyclic because an 
electron passed from an excited 
chlorophyll molecule in the 
beginning cycles back to the same 
chlorophyll molecule at the end of 
the chain of reactions 

–Water is not needed to restore the 
electron supply so it is not needed 
for these reactions  

• Therefore no O2 is produced 
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• This occurs in some organisms 
when the ratio of NADPH + H+ to 
NADP + in the chloroplast is high 

• It still involves the redox reactions 
associated with the electron 
transport chain 

– Each reaction is exergonic and the 
release energy is used to create ATP 
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Light Independent Reactions 
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The Calvin Cycle 

• Also called: 

–The Light Independent Reactions 

–The Dark Reactions 

–The Calvin-Benson Cycle 

• After Melvin Calvin (1911-1997) and 
Andrew Benson (still living). 
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The Calvin Cycle 
• Second main pathway of 

photosynthesis 

• Carbon enters the Calvin Cycle as 
CO2 and leaves in the form of 
sugar 

• Uses ATP as energy source 

• Uses NADPH as source of high 
energy electrons to make glucose 

• Uses H+  
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• For the net synthesis of one 
glucose molecule, the cycle must 
take place 2 times 

• Occurs in the stroma 

• These reactions do not directly 
require light, however, they do 
require the ATP and NADPH +H+ 
from the light reactions 

• Therefore they indirectly need 
light! 
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3 phases of the Calvin Cycle… 
• Phase 1 – Carbon Fixation 

–3 molecules of CO2 bond to 3 molecules 
of ribulose 1,5-bisphosphate molecules 
(each contains five-carbon atoms)  

• Abbreviated RuBP 

–This forms 3 molecules each containing 
6 carbon atoms   

 rubisco 
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• The enzyme that catalyzes this 
reaction is called rubisco 

– Short for ribulose bisphosphate 
carboxylase 

– Enzyme that starts the Calvin Cycle 

–Most abundant protein in the world! 
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• The 3 molecules (six carbons each)  
quickly break down to form 6 
molecules called 3-phosphoglycerate 
each containing 3 carbon atoms 

– (3PG) 
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• Phase 2 – Reduction 

–6 ATP molecules are broken down and 
a phosphate group from each is 
transferred to each of the 6 molecules 
of 3PG forming 6 molecules of 1,3-
bisphosphoglycerate 
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• Next, 6 pairs of electrons from 6 
molecules of NADPH reduce each of the  
6 molecules of 1,3-bisphosphoglycerate 
to make 6 molecules of glyceraldehyde-
3-phosphate (G3P) 
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• One of the 6 molecules of 
glyceraldehyde 3-phosphate (G3P) 
exits the Calvin cycle. 

[CH
2
O] (sugar)O

2

NADPH

ATP

ADP

NADP+

CO
2

H
2
O

LIGHT

REACTIONS

CALVIN

CYCLE

Light
Input

CO2

(Entering one

at a time)

Rubisco

3 P P

Short-lived
intermediate

Phase 1: Carbon fixation

6 P

3-Phosphoglycerate
6 ATP

6 ADP

CALVIN
CYCLE

3

P P

Ribulose bisphosphate

(RuBP)

3

6 NADP+

6

6 NADPH

P i

6 P

1,3-Bisphosphoglycerate

P

6 P

Glyceraldehyde-3-phosphate

(G3P)

P1

G3P
(a sugar)

Output

Phase 2:
Reduction

Glucose and

other organic
compounds

3/19/2014 59 Averett 



[CH
2
O] (sugar)O

2

NADPH

ATP

ADP

NADP+

CO
2

H
2
O

LIGHT

REACTIONS

CALVIN

CYCLE

Light
Input

CO2

(Entering one

at a time)

Rubisco

3 P P

Short-lived
intermediate

Phase 1: Carbon fixation

6 P

3-Phosphoglycerate
6 ATP

6 ADP

CALVIN
CYCLE

3

P P

Ribulose bisphosphate

(RuBP)

3

6 NADP+

6

6 NADPH

P i

6 P

1,3-Bisphosphoglycerate

P

6 P

Glyceraldehyde-3-phosphate

(G3P)

P1

G3P
(a sugar)

Output

Phase 2:
Reduction

Glucose and

other organic
compounds3/19/2014 60 Averett 



• Phase 3 – Regeneration of RuBP 

–The remaining 5 molecules still in the 
Calvin Cycle are used the regenerate 
the 3 molecules of ribulose1,5-
bisphosphate (RuBP) 

• Each containing 5 carbon atoms 

– Remember – this is what we started with!!!  
IT’S A CYCLE 

• Uses 3 ATP 
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–DO THE MATH 

• 5 molecules of 3 carbons = 15 carbons 

• 3 molecules of 5 carbons = 15 carbons 
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• 3 more CO2 molecules enter the 
Calvin cycle and follow the same 
chemical pathway to release 
another G3P molecule from the 
cycle 

• The 2 G3P (3 carbon atoms each) 
are used to make glucose!!!  

–C6H12O6  
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• Overview 

–To make one glucose molecule the 
Calvin Cycle must  

• go around twice 

• Use 6 molecules of CO2  

– Diffuses in from atmosphere 

• Use 18 molecules of ATP 

–Made during light reactions 

• Use 12 molecules of NADPH 

–Made during light reactions 
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