Photosynthesis: Life’s Solar Power System

Photosynthesis is the fundamental
biochemical process that converts
light energy into chemical energy,
powering nearly all life on Earth.

This remarkable mechanism occurs in
chloroplasts, the green organelles
within plant cells, where sunlight
drives the synthesis of glucose from
carbon dioxide and water, releasing
oxygen as a vital byproduct.




The Magic Equation
6CO, + 6H,0O + Light Energy -» CcH;,0¢ + 60,

This elegant equation represents the complete photosynthesis process: six carbon dioxide molecules combine
with six water molecules, using light energy to produce one glucose molecule and six oxygen molecules.

The equation shows both the reactants (what goes in) and products (what comes out), demonstrating the conservation
of matter. Each molecule is precisely accounted for, reflecting the balanced nature of this biochemical reaction.




Two-Stage Process Overview

Stage 1—Light Reactions
occur in the thylakoid
membranes where light
energy is captured and
converted into chemical
energy (ATP and
NADPH). Water
molecules are split,
releasing oxygen as a
byproduct.

Stage 2—Calvin Cycle
operates in the stroma,
the fluid-filled space
surrounding thylakoids.
Here, ATP and NADPH
power the synthesis of
glucose from carbon
dioxide through a
series of
enzyme-catalyzed
reactions.
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Photosystems: Nature’s Solar Panels
PS II captures light at 680nm, PS I at 700nm

Each photosystem contains hundreds of chlorophyll molecules organized into antenna complexes that capture light energy.
These pigments act like solar panels, absorbing specific wavelengths of light and funneling energy toward reaction centres.
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Photosystem Il (P680) Photosystem | (P700)

Photosystem Il specializes in shorter wavelengths (680nm—red light), whilst Photosystem | captures slightly longer wavelengths
(700nm—far-red light). The two systems work in sequence, with PSII feeding excited electrons to PSI through the electron transport chain.
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Water Splitting & O

During photosynthesis,
Photosystem ||
performs a remarkable
feat called
photolysis—splitting
water molecules using
energy. This occurs at
a
specialized
manganese-containing
enzyme complex within
PSII.
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The splitting of water
serves two vital
purposes: it provides
electrons to replace
those lost by
chlorophyll when light
excites them, and it
releases oxygen gas as
a byproduct.

The hydrogen ions
created contribute to
the proton gradient that
drives ATP synthesis.




Stage 2: Calvin Cycle

The Calvin Cycle operates in the stroma and converts carbon dioxide into glucose through three coordinated
phases. This process requires the ATP and NADPH produced during light reactions as energy sources.
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Carbon Fixation: CO, combines with ribulose bisphosphate (RuBP) via RuBisCO enzyme.
Reduction: ATP and NADPH convert 3-carbon molecules into G3P sugars.
Regeneration: Most G3P molecules regenerate RuBP to continue the cycle.




Chloroplast: The Green Factory

Chloroplasts are specialized organelles found in plant cells, typically 5-10 5-10 micrometers in length. Their
double membrane structure creates distinct compartments where different stages of photosynthesis occur
simultaneously.
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The thylakoid membranes provide surface area for light-capturing reactions, whilst the stroma contains enzymes
for the Calvin Cycle. This division of labour allows chloroplasts to efficiently convert light into stored chemical
energy, much like a well-organized factory production line.
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Photosynthesis rate depends on three primary environmental factors: temperature, light intensity, and
carbon dioxide concentration. Each factor has an optimal range beyond which the rate decreases.

Optimal Conditions

25-30°C

‘_
IURURLE BN U

Max. Rate

Time

Stressed Conditions
A[)z 5°c
5 @
A ll|= 45°C
@

Max. Rate

Time

Temperature vs Rate Light Intensity vs Rate

—

A 25-30°C A

Rate
Rate

>

25-30°C

Time

CO, Concentration vs Rate

A

Rate

>

CO, Concentration

Temperature affects enzyme activity—too cold and reactions slow down, too
hot and enzymes denature. Light intensity increases the rate until saturation
point when chloroplasts cannot process more energy. Higher CO, levels
generally increase rates until other factors become limiting. Understanding
these relationships helps optimize agricultural productivity.




Why Photosynthesis Matters

Photosynthesis is the foundation of nearly all life on Earth. It
produces the oxygen we breathe—approximately 70% from
ocean phytoplankton and 28% from terrestrial plants. Without
this process, aerobic life could not exist.

Beyond oxygen production, photosynthesis creates the organic
compounds that form the base of food chains. All animals
depend either directly (herbivores) or indirectly (carnivores)

on plant-produced glucose for energy. Photosynthesis also plays

a crucial role in the carbon cycle, removing CO, from the
atmosphere and helping regulate Earth’s climate.




