
Dr. B. D. Ranjitha Kumari 

Professor and Head 

Department of Botany

Plant Physiology and Biochemistry



Dr. Ranjitha Kumari



What is Photosynthesis?

Photosynthesis is an oxidation reduction

process in which water is oxidized to release

oxygen and carbon dioxide is reduced to

form sugars (Glucose). It occurs in two

phases – Light Reaction (Photochemical)

and Dark Reaction (biosynthetic).

6CO2 + 6H2O  C6H12O6 + 6O2

Light and Plant

Photosynthesis means? 

Literally “ synthesis using light (photo)” 
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glucose

6CO2 +   6H2O   C6H12O6 +   6O2

Oxidation

Carbon dioxide Water Oxygen

Oxidation is a loss of electron from a substance

glucose

6CO2 +   6H2O   C6H12O6 +   6O2

Reduction

Reduction is a gain of electron from a substance
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The importance of photosynthesis

 Life on Earth is balanced
between autotrophs (“self”-
feeders) and heterotrophs
(“other”-feeders)

Autotrophs synthesize complex
organic molecules (e.g., sugar),
utilizing energy from

– Light (photo- autotrophs)

– Oxidation of inorganic
(chemo- autotrophs)

Autotrophs responsible for
‘producing’ organic molecules
that enter ecosystem
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Photosynthesis as a redox process

• A general equation for photosynthesis is:

6CO2 + 12H2O          C6H12O6 + 6O2 + 6H2O

• Indicating the net consumption of water 

simplifies the equation to:

6CO2 + 6H2O          C6H12O6 + 6O2

• The simplest form of equation is:

CO2 + H2O          CH2O + O2

Thus 6 repetitions of the equation produce a molecule of glucose

light

light

light
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Where does the oxygen come from?

• Van Niel demonstrated in chemo-autotrophs
that:

CO2 + 2H2S          CH2O + H2O + 2S

• Therefore, a general form for the synthesis 
equation:

CO2 + 2H2X          CH2O + H2O + 2X

• Van Niel summarized that oxygen comes 
from water (later confirmed with radio-
isotopes)

light

light
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Photosynthesis comparison in selected Eukaryotes and Prokaryotes
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Granum
Thylakoid

Stroma

Outer Membrane

Inner Membrane

Thylakoid stacks are connected together

• Photosynthesis occurs in chloroplasts

• Chlorophyll (and other pigments), stored in thylakoid membranes 

captures light energy - this is where light dependent reactions occur

• The stroma (matrix inside chloroplast) contains light-independent 

reactions, reducing CO2 to CH2O

• Thylakoids and photosynthetic cells are organized in grana and the 

mesophyll respectively to maximize absorption of light
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Chlorophylls

• Chlorophyll a

– Main pigment in plants and cyanobacteria

– Only pigment that can act directly to convert light 
energy to chemical energy

– Absorbs violet-blue and red light 

• Chlorophyll b

– Accessory pigment or secondary pigment 
absorbing light wavelengths that chlorophyll a
does not absorb
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• Carotenoids

– Carbon rings linked to 
chains with alternating 
single and double bonds

– Can absorb photons with 
a wide range of energies

– Also scavenge free 
radicals – antioxidant
• Protective role

• Phycobiloproteins

– Important in low-light 
ocean areas
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How the light         

reaction works ??

• The nature of light

– Acts as both a particle and a waveform

– As a wave, is a type of electromagnetic energy: visible light 

consists of a spectrum of wavelengths from 380 nm to 750 

nm

– As a particle, light behaves as discrete particles called 

photons, each photon having a fixed amount of energy

– In photosynthesis, the most used (absorbed) wavelengths 

are blue and red. Green is transmitted (hence the green 

color of chlorophyll)
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• A substance that absorbs light is called a 
pigment

• Each pigment has a characteristic absorption 
spectrum

• In the light reaction the most important 
pigment is chlorophyll a

• However, the action spectrum for 
chlorophyll a does not match that for 
photosynthesis - therefore, other pigments 
are involved

– Carotenoids, e.g., xanthophylls

– Chlorophyll b

• These accessory pigments do not participate 
directly in the light reaction, but work with 
chlorophyll a to do so
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LIGHT REACTION (PHOTOCHEMICAL PHASE)

• It occurs inside the thylakoids,

especially those of grana region.

• Photochemical step is dependent

upon light. The function of this

phase is to produce assimilatory

power consisting of reduced

coenzyme NADPH and energy rich

ATP molecules.

• This phase involves photolysis of

water ( Breaking up of water into

hydrogen and oxygen).

Dr. Ranjitha Kumari



Non-Cyclic electron flow (Z-Scheme):
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Oxygen evolving complex was formerly called Z-enzyme. It is attached to the inner 

surface of thylakoid membrane.

 Electron carrier transfers the released electrons to P680  ( which involves the 

conversion of light energy into chemical form. The phenomenon is called quantum 

conversion ).

 From here the electron passes over a series of carriers in a downhill journey losing its 

energy at every step. 

 While passing over cytochrome complex, the electron loses sufficient energy for the 

creation of proton gradient and synthesis of ATP from ADP and inorganic phospate by 

the process of photophosporylation.



From plastocyanin the electron is picked up by the trap centre P700  

photosystem 1.

 On absorbing a photon of light energy, P700 pushes out the electron with a 

gain of energy.

 The electron passes over carriers ( a special chlorophyll molecule) Fes, 

ferridoxin and NADP-reductase. 

 The latter gives electrons to NADP+  for combining with H+ ions to produce 

NADPH.
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In sulfur bacteria, only one photosystem is used Generates ATP via 

electron transport.

An oxygenic photosynthesis

Excited electron passed to electron transport chain

Generates a proton gradient for ATP synthesis
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Oxygenic photosynthesis
Photosystem I (P700)

Functions like sulfur bacteria

Photosystem II (P680)
Can generate an oxidation 
potential high enough to 
oxidize water

Working together, the two 
photosystems carry out a 
noncyclic transfer of electrons 
that is used to generate both 
ATP and NADPH
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Chemiosmosis

• Electrochemical gradient can be used to 
synthesize ATP

• Chloroplast has ATP synthase enzymes in the 
thylakoid membrane

– Allows protons back into stroma

• Stroma also contains enzymes that catalyze 
the reactions of carbon fixation – the Calvin 
cycle reactions
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Carbon Fixation – Calvin Cycle

• To build carbohydrates cells use

• Energy

– ATP from light-dependent reactions

– Cyclic and noncyclic photophosphorylation

– Drives endergonic reaction

• Reduction potential

– NADPH from photosystem I

– Source of protons and energetic electrons
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DARK REACTION (BIOSYNTHETIC PHASE)
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3 phases

1. Carbon fixation

– RuBP + CO2 → PGA

2. Reduction

– PGA is reduced to G3P

3. Regeneration of RuBP

– PGA is used to regenerate RuBP

• 3 turns incorporate enough carbon to produce a 
new G3P

• 6 turns incorporate enough carbon for 1 glucose
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Photorespiration

• Rubisco has 2 enzymatic activities
– Carboxylation 

• Addition of CO2 to RuBP

• Favored under normal conditions

– Photorespiration
• Oxidation of RuBP by the addition of O2

• Favored when stoma are closed in hot conditions

• Creates low-CO2 and high-O2

• CO2 and O2 compete for the active site on 
RuBP
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C4 plants

• Corn, sugarcane, sorghum, and a number of other 
grasses

• Initially fix carbon in mesophyll cells

• transported to bundle-sheath cells

• Carbon fixation then by rubisco and the Calvin cycle
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CAM plants

• Many succulent (water-storing) plants, such as 
cacti, pineapples, and some members of 
about two dozen other plant groups

• Stomata open during the night and close 
during the day

– Reverse of that in most plants

• Fix CO2 during the night and store in vacuole
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Phosphoenol-

pyruvate

pyruvate pyruvate

Oxaloacetate Malate Malate

CO2

Calvin

cycleCO2 CO2
ATP

Mesophyll cell

AMP

PPi  +      Pi +

Bundle-sheath cell

ATP energy is required to concentrate CO2

in bundle-sheath cells
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C3 and C4 Plants

• soybean

• wheat

• rice

• sugar beet

• alfalfa

• spinach

• tobacco

• sunflower

• corn

• sorghum

• sugar cane

• millet

• crab grass

• Bermuda grass

• pigweed

C3 C4
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• CO2 directly

• RuBP recipient

• RUBISCO open

• O2 can interfere

• Photorespiration likely

• CO2 indirectly

• PEP recipient

• RUBISCO shielded

• O2 cannot interfere

• No photorespriation

C3 vs C4 Plants
A Lesson in Photoefficiency

C3 C4

• Dr. Ranjitha Kumari



References

• Principles of Biochemistry by Lehninger 2017, 7th edition. WH Freeman

• https://www.slideshare.net.

• Biochemistry by voet and voet 4th Edition. 2012. John Wiley & Sons   

Inc.


