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Photosynthesis

While the details may differ between species, the process always begins when

light energy is absorbed by the reaction centers, proteins that contain

photosynthetic pigments or chromophores. In plants, these pigments are

chlorophylls (a porphyrin derivative that absorbs the red and blue spectra of

light, thus reflecting green) held inside chloroplasts, abundant in leaf cells. In

cyanobacteria, they are embedded in the plasma membrane. In these light-

dependent reactions, some energy is used to strip electrons from suitable

substances, such as water, producing oxygen gas. The hydrogen freed by the

splitting of water is used in the creation of two important molecules that

participate in energetic processes: reduced nicotinamide adenine dinucleotide

phosphate (NADPH) and ATP.

In plants, algae, and cyanobacteria, sugars are synthesized by a subsequent

sequence of light-independent reactions called the Calvin cycle. In this process,

atmospheric carbon dioxide is incorporated into already existing organic

compounds, such as ribulose bisphosphate (RuBP). Using the ATP and NADPH

produced by the light-dependent reactions, the resulting compounds are then

reduced and removed to form further carbohydrates, such as glucose. In other

bacteria, different mechanisms like the reverse Krebs cycle are used to achieve

the same end.

Overview

Most photosynthetic organisms are photoautotrophs, which means that they are

able to synthesize food directly from carbon dioxide and water using energy

from light. However, not all organisms use carbon dioxide as a source of carbon

atoms to carry out photosynthesis; photoheterotrophs use organic compounds,

rather than carbon dioxide, as a source of carbon.

[…]

Carbon dioxide is converted into sugars in a process called carbon fixation;

photosynthesis captures energy from sunlight to convert carbon dioxide into

carbohydrates. Carbon fixation is an endothermic redox reaction. In general

outline, photosynthesis is the opposite of cellular respiration: while

photosynthesis is a process of reduction of carbon dioxide to carbohydrates,

cellular respiration is the oxidation of carbohydrates or other nutrients to

carbon dioxide. Nutrients used in cellular respiration include carbohydrates,



amino acids and fatty acids. These nutrients are oxidized to produce carbon

dioxide and water, and to release chemical energy to drive the organism's

metabolism.

[…]

Photosynthesis occurs in two stages. In the first stage, light-dependent

reactions or light reactions capture the energy of light and use it to make the

hydrogen carrier NADPH and the energy-storage molecule ATP. During the

second stage, the light-independent reactions use these products to capture

and reduce carbon dioxide.

Photosynthetic membranes and organelles

In plants and algae, photosynthesis takes place in organelles called

chloroplasts. A typical plant cell contains about 10 to 100 chloroplasts. The

chloroplast is enclosed by a membrane. This membrane is composed of a

phospholipid inner membrane, a phospholipid outer membrane, and an

intermembrane space. Enclosed by the membrane is an aqueous fluid called the

stroma. Embedded within the stroma are stacks of thylakoids (grana), which

are the site of photosynthesis. The thylakoids appear as flattened disks. The

thylakoid itself is enclosed by the thylakoid membrane, and within the enclosed

volume is a lumen or thylakoid space. Embedded in the thylakoid membrane are

integral and peripheral membrane protein complexes of the photosynthetic

system.

Plants absorb light primarily using the pigment chlorophyll. The green part of

the light spectrum is not absorbed but is reflected, which is the reason that

most plants have a green color. Besides chlorophyll, plants also use pigments

such as carotenes and xanthophylls. Algae also use chlorophyll, but various

other pigments are present, such as phycocyanin, carotenes, and xanthophylls

in green algae, phycoerythrin in red algae (rhodophytes) and fucoxanthin in

brown algae and diatoms resulting in a wide variety of colors.

Light-dependent reactions

In the light-dependent reactions, one molecule of the pigment chlorophyll

absorbs one photon and loses one electron. This electron is taken up by a

modified form of chlorophyll called pheophytin, which passes the electron to a

quinone molecule, starting the flow of electrons down an electron transport

chain that leads to the ultimate reduction of NADP to NADPH. In addition, this

creates a proton gradient (energy gradient) across the chloroplast membrane,

which is used by ATP synthase in the synthesis of ATP. The chlorophyll molecule

ultimately regains the electron it lost when a water molecule is split in a

process called photolysis, which releases oxygen.



Z scheme

In plants, light-dependent reactions occur in the thylakoid membranes of the

chloroplasts where they drive the synthesis of ATP and NADPH. The light-

dependent reactions are of two forms: cyclic and non-cyclic.

[…]

The cyclic reaction is similar to that of the non-cyclic but differs in that it

generates only ATP, and no reduced NADP (NADPH) is created. The cyclic

reaction takes place only at photosystem I. Once the electron is displaced from

the photosystem, the electron is passed down the electron acceptor molecules

and returns to photosystem I, from where it was emitted, hence the name cyclic

reaction.

Calvin cycle

Carbon fixation produces the three-carbon sugar intermediate, which is then

converted into the final carbohydrate products. The simple carbon sugars

photosynthesis produces are then used to form other organic compounds, such

as the building material cellulose, the precursors for lipid and amino acid

biosynthesis, or as a fuel in cellular respiration. The latter occurs not only in

plants but also in animals when the carbon and energy from plants is passed

through a food chain.

The fixation or reduction of carbon dioxide is a process in which carbon dioxide

combines with a five-carbon sugar, ribulose 1,5-bisphosphate, to yield two

molecules of a three-carbon compound, glycerate 3-phosphate, also known as 3-

phosphoglycerate. Glycerate 3-phosphate, in the presence of ATP and NADPH

produced during the light-dependent stages, is reduced to glyceraldehyde 3-

phosphate. This product is also referred to as 3-phosphoglyceraldehyde (PGAL)

or, more generically, as triose phosphate. Most (five out of six molecules) of the

glyceraldehyde 3-phosphate produced are used to regenerate ribulose 1,5-

bisphosphate so the process can continue. The triose phosphates not thus

"recycled" often condense to form hexose phosphates, which ultimately yield

sucrose, starch, and cellulose, as well as glucose and fructose. The sugars

produced during carbon metabolism yield carbon skeletons that can be used for

other metabolic reactions like the production of amino acids and lipids.
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