Photosynthesis

Introduction

Photosynthesis is the process that plants and some other organisms use to harness energy from the sun and
convert it into chemical energy that powers their lives. Through photosynthesis, plants take carbon dioxide
from the air and water and nutrients from the soil and use them, along with the sun's energy, to produce their
own food. This process is vital as it provides food and oxygen to sustain life on Earth.

What is Photosynthesis?

Photosynthesis allows plants and certain microorganisms .
to take in carbon dioxide, water, and energy from L :;:)_; PhOtOSYﬂthESIS "
sunlight and produce oxygen as a byproduct. It is :
essentially the opposite of cellular respiration, which o 9
converts organic matter into carbon dioxide and water
to release energy. The formula can be represented as:

6CO; + 6H,0 + Sunlight energy - CsH12,06 + 60>

Breaking this down, carbon dioxide (CO;) and water
(H20) are used along with sunlight energy, and glucose
(CsH1206) and oxygen (O2) are produced. Glucose
provides energy and is used by the plant to grow, while
oxygen is released into the atmosphere as a byproduct
for other organisms like humans and animals to breathe.
Photosynthesis provides energy to fuel the plant's
growth and life processes. It is an endothermic process,
meaning it absorbs rather than releases energy.

Carbon dioxide

Photosynthesis takes place in chloroplasts, which are organelles or small structures within the cells of leaves
and other green plant parts. Chloroplasts contain chlorophyll, which allows them to absorb the sunlight
needed for photosynthesis. Most chloroplasts have a green pigment that reflects green light and absorbs
others like blue and red, giving leaves their characteristic green coloration.
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The Steps of Photosynthesis
Photosynthesis occurs in two main sets of chemical reactions: the light-dependent reactions and the light-
independent reactions.

The light-dependent reactions, also called the light reactions, take place on the thylakoid membranes within
the chloroplasts. This is where light energy from the sun is absorbed by chlorophyll and converted to chemical



energy in the form of ATP (adenosine triphosphate) and NADPH (reduced nicotinamide adenine dinucleotide
phosphate). Carbon dioxide, water, and light energy go in while ATP and NADPH come out.

The light-independent reactions, also called the Calvin cycle or dark reactions, do not directly use light energy.
Instead, they use the chemical energy in ATP and NADPH to fix carbon from carbon dioxide into organic
compounds such as glucose. In this stage, carbon dioxide reacts with the ATP and NADPH produced in the light
reactions to create carbohydrates like glucose.
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The steps in more detail are:

1.

Light absorption - Chlorophyll and accessory pigments in the thylakoid membranes of chloroplasts
absorb light energy from the sun.

Photolysis of water - Light energy splits water molecules into protons, electrons, and oxygen. The
oxygen is released as a byproduct.

Electron transport chain - Protons from splitting water are pumped across the thylakoid membrane.
Their flow down a concentration gradient later drives ATP synthesis.

Production of ATP and NADPH - The energy from protons driving through ATP synthase is used to
produce ATP. Electrons move along an electron transport chain, and their energy is used to produce
NADPH.

Carbon fixation - ATP and NADPH fuel the Calvin cycle to fix carbon from carbon dioxide into organic
compounds such as glucose. Enzymes facilitate these reactions in the stroma of the chloroplast.
Repeating the cycle - The cycle continuously repeats to produce more ATP and NADPH for carbon
fixation in the light-independent reactions.

Importance of Photosynthesis
Photosynthesis is vitally important because it supports life on Earth in several key ways:

It produces oxygen - Photosynthesis generates nearly all of Earth's supply of molecular oxygen (0O3) and
releases it into the atmosphere as a byproduct. Without oxygen, higher forms of life like humans could
not survive.

It provides food for plants - The glucose and other sugars that plants produce during photosynthesis
provide them with energy and are the building blocks from which all plant matter from leaves to bark
to fruit is constructed.



It feeds the ecosystem - All animals rely on plants either directly by eating plants or indirectly by
consuming other animals that eat plants. Photosynthesis fuels the entire food chain that supports
nearly every ecosystem on the planet.

It removes carbon dioxide - Photosynthesis absorbs the greenhouse gas carbon dioxide out of the
atmosphere and stores the carbon in plant biomass. This helps regulate Earth's climate and prevent
dangerously high CO; levels.

It generates biomass - The total amount of plant matter generated yearly worldwide is over 100 billion
tons. This biomass not just plants but drives soil formation, provides raw materials, and underlies all
ecology.

It forms the basis for human agriculture - Virtually all of our foods like fruits and vegetables, grains,
nuts and oils come directly or indirectly from photosynthesizing plants that convert the sun's energy
into organic matter. Our survival depends on photosynthesis.

Limiting Factors

While photosynthesis sustains life, some environmental
factors can limit its overall rate and productivity in nature.
The main limiting factors are:

Light availability - Photosynthesis requires light to
proceed. In shady forests or dense crop canopies,
upper leaves may receive insufficient light.
Seasonal changes and latitude also affect light
levels.

Carbon dioxide availability - As more
photosynthesizing plants consume atmospheric
CO,, its levels can drop sufficiently to limit the
Calvin cycle reactions. -
Temperature - While some optimal range exists, extremes of heat and cold slow down metabolism
including photosynthesis. Enzymes function best within certain temperatures.

Water availability - Roots must uptake soil water for photosynthesizing cells. During drought stress,
water stress halts photosynthesis and threatens survival.

Nutrient availability - Mineral nutrients from the soil like nitrates, phosphates, and other micros must
fuel reactions and growth. Without sufficient minerals, photosynthesis declines.

Future Research
As science strives to address today's global challenges like climate change and food security, further
photosynthesis research holds promise. Areas of ongoing investigation include:

Improving crop photosynthetic efficiency to boost sustainable food production. Understanding genetic
factors could allow "designer plants" optimized for maximum productivity.

Engineering C4 photosynthesis pathways into C3 grain crops like wheat and rice to boost yields under
changing climates with higher CO; and heat. C4 lineages have greater water and heat tolerance and
higher carbon concentration capacities.

Developing synthetic or hybrid biomimetic systems to perform light-driven carbon dioxide reduction
outside of living cells, potentially enabling new renewable energy and carbon sequestration
technologies.

Modeling global scale impacts of future climate and atmospheric conditions on global and regional
photosynthetic productivity to better forecast food security and ecosystem perturbations.



Rubisco
Rubisco (ribulose-1,5-bisphosphate carboxylase/oxygenase) is an extremely important enzyme that is found in
plants, algae, cyanobacteria, and some bacteria. It serves a key role in photosynthesis and carbon fixation.

Some key things to know about Rubisco:

o It catalyzes the first major step of carbon fixation, the process by which atmospheric carbon dioxide is
converted by plants and other autotrophs to organic carbon in molecules such as glucose.

¢ Specifically, Rubisco facilitates the carboxylation of ribulose-1,5-bisphosphate, attaching atmospheric
CO; to the five-carbon sugar to form two molecules of 3-phosphoglycerate.

¢ 3-phosphoglycerate is an organic compound that can then be used by the Calvin cycle to generate
glucose and other essential carbohydrates and energy-rich molecules.

e Carbon fixation by Rubisco is vital because it is responsible for converting atmospheric CO; into
biomass, both for autotrophic organisms themselves and for heterotrophs higher up the food chain. It
is central to photosynthesis.

e Itis estimated that Rubisco comprises about 20-30%
of total soluble protein in plant leaves, making it one
of the most abundant enzymes on Earth.

CO:

Conclusion

In summary, photosynthesis is the foundational biological
process by which plants, algae, and some bacteria use solar
energy to chemically transform carbon dioxide and water :
into organic compounds like glucose and molecular oxygen.

It is essential to all life on Earth as it supports the entire @
global food web and biosphere. Continued research on photosynthesis could help humanity address pressing
worldwide issues through improved crop yields, altered climate impacts, and renewable energy innovations.
Overall, photosynthesis exemplifies nature's elegant solution to transforming the sun's energy for growth and
sustainability.
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Reading Comprehension Questions:
1. What is the overall process called that plants use to harness energy from the sun?

2. What three main inputs do plants use for photosynthesis?

3. Where in plant cells does photosynthesis physically occur?

4. What allows the organelle to absorb sunlight?

5. Name the two main sets of reactions that make up photosynthesis.

6. What final product do plants produce that provides them energy?

7. What gas is released as a byproduct of photosynthesis?

8. Why is photosynthesis important for producing oxygen?

9. What does photosynthesis absorb from the atmosphere?

10. What is Rubisco and why is it important?

Extension Questions:
1. Why is increasing photosynthetic efficiency an important area of research?

2. How are C3, C4, and CAM plants different in their carbon fixation pathways?

3. Besides using sunlight, carbon dioxide, and water, what other substrates can some photosynthetic
organisms use?



Reading Comprehension Questions: KEY
1. What is the overall process called that plants use to harness energy from the sun?
The overall process that plants use to harness energy from the sun is called photosynthesis.
2. What three main inputs do plants use for photosynthesis?
The three main inputs that plants use for photosynthesis are carbon dioxide, water, and sunlight.
3. Where in plant cells does photosynthesis physically occur?
Photosynthesis physically occurs inside chloroplasts, organelles found in plant cells.
4. What allows the organelle to absorb sunlight?
Thylakoids inside the chloroplast contain chlorophyll, which allows the organelle to absorb sunlight.
5. Name the two main sets of reactions that make up photosynthesis.
The two main sets of reactions that make up photosynthesis are the light-dependent reactions and
the light-independent reactions.
6. What final product do plants produce that provides them energy?
Plants produce glucose as the final product which provides them energy.
7. What gas is released as a byproduct of photosynthesis?
Oxygen is released as a byproduct of photosynthesis.
8. Why is photosynthesis important for producing oxygen?
Photosynthesis is important for producing oxygen because it generates the oxygen in Earth's
atmosphere.
9. What does photosynthesis absorb from the atmosphere?
Photosynthesis absorbs carbon dioxide from the atmosphere.
10. What is Rubisco and why is it important?
Rubisco is a key enzyme, and it is important because it catalyzes the first major step of carbon
fixation in photosynthesis.

Extension Questions:

1. Why is increasing photosynthetic efficiency an important area of research?
It could help boost crop yields needed to sustain a growing global population.

2. How are C3, C4, and CAM plants different in their carbon fixation pathways?
C3 plants fix carbon directly, C4 accumulates it first, and CAM stores it at night.

3. Besides using sunlight, carbon dioxide, and water, what other substrates can some photosynthetic
organisms use?
Some can use carbon from bicarbonate or related acids like acetic acid.



