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THE MIRACLE OF PHOTOSYNTHESIS

Well before plants, the earth’s oceans teemed with organisms that had
evolved the ability to capture the energy of the sun and convert it to a
simple six-carbon sugar known as glucose. It is generally agreed that the
first organisms capable of photosynthesis evolved more than 3 billion
years ago among certain types of bacteria. Some of these, like the cyanobacteria, also developed the ability to convert atmospheric nitrogen to
forms useful to cellular functions like protein production. When people
warn me about the dangers of bacteria, I have to remind them that all life
on earth owes its very existence to the presence of bacteria despite the few
that cause disease.
The evolution of photosynthetic pathways that used water and produced
oxygen as a waste product came a bit later; the date is the subject of much
discussion among the experts. Several different lines of geological evidence
indicate, however, that oxygen began to accumulate in the atmosphere
about 2.4 billion years ago. This suggests that the modern photosynthetic
pathways used by plants and their ancestors evolved much earlier. Atmospheric oxygen can’t increase without a coetaneous decrease in CO2, so we
know that the sequestration of carbon that led to our modern-day fossil-fuel
industry began several billion years ago.
Life as we know it has been made possible by the evolution of photosynthesis. Though there are various specialized organisms that don’t deploy
that process, animal life is dependent on plants, and plants are dependent
on photosynthesis for every aspect of their life. This miracle of life is quite
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simplistic on the surface. Though the various steps inside the equation get
rather complex, the overall equation is easily comprehended:
6 CO2 (carbon dioxide) + 12 H2O (water) + sunlight =
C6H12O6 (glucose) + 6 H2O + 6 O2 (oxygen)
The carbon dioxide plants need for photosynthesis comes from the atmosphere. It enters the plant through pores in the leaves and green stems called
stomata. Water enters the plant through its roots (unless it is a moss or other
bryophyte). The photosynthetic process takes place during daylight hours
(with a few exceptions) as sunlight strikes the plant. Plants take the carbon
dioxide existing in the atmosphere and the water that they already contain
in their cells and use the energy of the sun to split the carbon dioxide into
free oxygen while taking the now-free carbon to make glucose. The oxygen
so vital to plant and animal respiration is actually a by-product of the plant’s
need for carbon to survive and grow. Solar energy is converted to chemical
energy, and this chemical energy fuels all higher plant and animal life on
earth. When someone tells you that sugar is bad for you, realize that all life
on earth is dependent on the sugar produced by photosynthetic plants. It’s
the other types of sugars and how we use them that are negatively affecting
our health.
Photosynthesis is possible because of a complex molecule known as chlorophyll α. Chlorophyll α actually starts the photosynthetic process. It is the
molecule that sunlight has to hit in order to split carbon dioxide into oxygen
and carbon molecules, and it’s the site that then takes this extra solar energy
and eventually stores it in the chemical bonds of simple and complex sugars.
When we talk of getting a “sugar high” from eating too many sweets, we are
really getting that “high” from sunlight.
Though other chlorophylls have been found in plants, they merely supplement the ability of chlorophyll α to perform its job. All plants (and their
precursors) have taken this chlorophyll molecule and packed it into storage bodies known as chloroplasts. Each chloroplast contains many flattened
disks known as thylakoids in which the chlorophyll is stored, and these thylakoids are stacked into cylindrical silos known as grana. Grana are then
interconnected into distribution centers known as antenna complexes. The
material surrounding the grana is called the stroma. Light strikes the chlorophyll in the chloroplasts and initiates photosynthesis. Oxygen is released

Light

from the initial reactions in the thylakoids (the Calvin cycle, or C3 pathway); glucose is produced in the second part of the reaction in the stroma.
Despite all the complexities of turning solar energy into carbohydrates, the
actual structure that produces it is rather simple—thousands of molecules
of chlorophyll α, collected into hundreds of flattened disks, stacked into
tens of cylinders and then interconnected with one another within each
chloroplast and surrounded by a matrix of stroma. Every cell in a green leaf
or stem may have a dozen chloroplasts. The total number of chloroplasts
in even a small photosynthetic plant is mind-boggling. In typical plants,
the chloroplasts required for photosynthesis are concentrated just below
the leaf and green stem surfaces. These so-called C3 plants use an enzyme
known as RuBisCo to initiate the photosynthetic process. The evolution of
RuBisCo and this system of chlorophyll, chloroplasts, thylakoids, grana, antenna complexes, and stroma has worked for millions of years without any
real modifications.
You don’t need to know the many intermediate steps of photosynthesis
to grasp the overall picture. The important message is that sunlight provides
the energy that is needed, and carbon dioxide provides the oxygen required
for plant and animal respiration and the carbon required for plant growth.
Without water, none of this would be possible. Life as we generally know it
is run on the energy supplied by the sun and harnessed by the ultimate solar
panels in the universe—located in chloroplasts.

Detail of a chloroplast.
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