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Chemiosmosis is when ions move by diffusion across a semi-permeable membrane, such as the membrane inside mitochondria. Ions are molecules with a net electric charge, such as Na+, Cl, or specifically in chemiosmosis that generates energy, H+. During chemiosmosis, ions move down an electrochemical gradient, which is a gradient of
electrochemical potential (a form of potential energy). Since chemiosmosis is a type of diffusion, ions will move across a membrane from areas of high concentration to areas of low concentration. Ions also move to balance out the electric charge across a membrane. Chemiosmosis is involved in the production of adenosine triphosphate (ATP), which is
the main molecule used for energy by the cell. In eukaryotes, ATP is produced through the process of cellular respiration in the mitochondria. First, the molecules NADH and FADH2, obtained from the citric acid cycle, pass electrons down an electron transport chain, which releases energy. This energy allows protons (H+) to travel down a proton
gradient via chemiosmosis. This in turn provides the energy for the enzyme ATP synthase to make ATP. The flow of these protons down the gradient turns the rotor and stalk of the ATP synthase, which makes it possible for a phosphate group to join with adenosine diphosphate (ADP), forming ATP. The production of ATP during respiration is called
oxidative phosphorylation. Through oxygen and glucose, ATP is ultimately created through the phosphorylation of ADP. In aerobic respiration, 38 ATP molecules are formed per glucose molecule. Since chemiosmosis plays a role in the creation of ATP during this process, without chemiosmosis, organisms would not be able to produce the energy that
they need to live. The idea that ATP is synthesized through chemiosmosis was first proposed in 1961 by Dr. Peter D. Mitchell. At the time, this was controversial, because it was more widely accepted that there was some intermediate molecule that stored energy from the electron transport chain. However, an intermediate molecule was never found,
and eventually research showed that the chemiosmosis theory was correct. Mitchell would later go on to win the Nobel Prize in Chemistry in 1976 for his contributions to science.This images shows, very generally, ions moving from high to low concentration during chemiosmosis. Although chemiosmosis is often generally defined as the movement of
ions across a membrane, it is really only used in the context of talking about the movement of H+ ions during the production of ATP. The most common method involving chemiosmosis in the production of ATP is cellular respiration in the mitochondria, the process of which is discussed above. All eukaryotic organisms have mitochondria, so
chemiosmosis is involved in ATP production through cellular respiration in the vast majority of different types of organisms, from animals to plants to fungi to protists. However, even though archaea and bacteria do not have mitochondria, they also use chemiosmosis to produce ATP through photophosphorylation. This process also involves an electron
transport chain, proton gradient, and chemiosmosis of H+, but it takes place across the inner membrane of the bacterium or archaeon, since they have no mitochondria.Plants produce ATP during photosynthesis in the chloroplast in addition to the ATP they generate through cellular respiration in mitochondria. The process is again similar: during
photosynthesis, light energy excites electrons, which flow down an electron transport chain, which in turn allows H+ ions to travel through a membrane in the chloroplast. Some bacteria, such as cyanobacteria, also use photosynthesis. The similarities between these ATP production methods are more than just coincidence; both mitochondria and
chloroplasts are thought to have evolved from free-living bacteria. This theory is called the endosymbiotic theory. This theory hypothesizes that that had symbiotic relationships with other cells, aiding them by producing energy in return for a place to live inside the cell. Over time, these bacteria became inextricable from the cells they resided in. The
fact that mitochondria and chloroplasts have their own, separate, DNA supports this idea. This is why the chemiosmosis is used in generally the same way whether ATP is being produced in a mitochondrion, chloroplast, or bacterium. Glucose A simple sugar that has an important role in metabolism and energy production.Adenosine triphosphate (ATP)
The main molecule used for energy in cells.Ion A molecule with a net electric charge due to gaining or losing an electron.Diffusion Movement of molecules from an area of high concentration to an area of low concentration. 1. Which organism does not have mitochondria?A. HumanB. MushroomC. BacteriaD. FernC is correct. Bacteria do not have
mitochondria. However, they still produce energy though a similar process involving chemiosmosis. It is thought that mitochondria actually evolved from bacteria that were once free-living; this theory is called the endosymbiotic theory.2. Chemiosmosis involving what ion is part of the process of generating ATP?A. Na+B. H+C. CID. HB is correct.
During cellular respiration, protons (H+) travel down a proton gradient by chemiosmosis. This causes the enzyme ATP synthase to turn and join a phosphate group to adenosine diphosphate (ADP), forming ATP. Choice D, H, refers to electrons, which are also involved in the production of ATP but travel down the electron transport chain, not through
chemiosmosis.3. Chemiosmosis can occur in what cell organelle?A. MitochondrionB. ChloroplastC. NucleusD. Choices A and BD is correct. Chemiosmosis occurs in mitochondria during cellular respiration and in chloroplasts during photosynthesis. Both of these processes generate ATP. Our A-Level Biology revision guides have been created
specifically for each of the main examination boards, AQA, OCR, Edexcel A/B, Edexcel IAL and CIE. Choose your exam board below to access the free sample notes, as well as the full, premium quality, revision notes that will help you to secure the best possible marks in your A-Level Biology exams. Looking to get started with your A-Level Biology
revision quickly? Select your exam board below to go straight to the materials that matter to you. View AQA revision View OCR revision View Edexcel A revision View Edexcel B revision View Edexcel IAL revision View CIE revision View WJEC revision View Eduqas revision Whether you are studying for A-Level Biology yourself, or you are teaching and
tutoring A-Level Biology students, we provide everything you need to pass A-Level Biology whichever exam board you use. Are you an A-Level Biology teacher? If so, check out our teaching resources page here. A-Level (A2/AS) Biology Examination booklets offering hundreds of pages of exam-style questions (and mark schemes) across all examination
boards including AQA, OCR, Edexcel A/B, Edexcel IAL & CIE. View notes A comprehensive list of past papers to practise your exam question answers and highlight revision topics you need to work on. View papers We operate a number of educational websites for teachers and students in science and maths. Take a look at our other websites below:
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by which hydrogen ions (protons) diffuse to the other side of the biological membrane from high to low concentration. It creates a difference in their concentration (electrochemical gradient) between the two sides of the semi-permeable membrane. The gradient energy synthesizes adenosine triphosphate (ATP) in the cell. It is the final part of oxidative
phosphorylation. The initial part is the electron transport chain. In eukaryotes, chemiosmosis occurs in the mitochondria during aerobic cellular respiration and in the chloroplasts during photosynthesis. Since prokaryotes lack these organelles, chemiosmosis occurs in their plasma. However, chemiosmosis requires a membrane to allow the
electrochemical gradient to develop. Chemiosmosis directly results in the synthesis of ATP. Thus, it is the primary energy source through cellular respiration within the cell. Any defect in the pathway would devoid the cell from producing ATP through oxidative phosphorylation. Peter D. Mitchell first proposed the chemiosmotic theory in 1961. His
theory suggests chemiosmosis is driven by an electrochemical proton gradient across the inner mitochondrial membrane that produces ATP in cells. Before chemiosmosis can start, the electrochemical needs to be established with the help of high-energy molecules, NADH and FADH2. These compounds were formed during glucose oxidation through
glycolysis in the cytoplasm to form pyruvate. The pyruvate is further metabolized to acetyl CoA and then to citric acid or citrate through a series of steps in the citric acid cycle in the mitochondrial matrix. This cycle, with reducing intermediates like NAD and FAD, form NADH and FADH2. These intermediates act as electron carriers in the electron
transport chain. When the electrons move down the electron transport chain, protons are pumped across the mitochondrias inner membrane, creating an electrochemical gradient, which eventually phosphorylates ADP to ATP. This final step is called chemiosmosis. The steps below describe how chemiosmosis occurs in the mitochondria of eukaryotes:
Chemiosmosis The sources of electrons in the electron transport chain are high-energy electron carriers like NADH and FADH2. NADH provides electrons to Complex I while FADH2 provides electrons to Complex IIAs electrons move along the electron transport chain cause from a higher to a lower energy level, energy is released. The flow of
electrons in ETC is: Complex I -> Complex II-> Coenzyme Q ->Complex III -> Cytochrome c-> complex IV ->0Oxygen The hydrogen ions or protons are in lower concentration inside the mitochondrial matrix. The energy liberated by electrons helps to pump protons into the intermembranous space against their concentration gradient. The energy of
electrons is stored as an electrochemical gradientWith the increase in the concentration of protons in the intermembranous space, they move down their concentration gradient along the proton channel in the ATP synthase. This process is coupled to turn the proton ring and liberate energyThe enzyme ATP synthase uses this energy to phosphorylate
ADP, forming ATP on the stroma At the end of aerobic respiration, around 32 ATPs are produced from one glucose molecule. Among these, 2 ATPs are from glycolysis, 4 from the Krebs cycle, and the remaining 28 from chemiosmosis. Chemiosmosis is inhibited by inhibitors of the electron transport chain or uncouplers. They are protein channels that
provide an alternative path for entering the stroma without the involvement of ATP synthase. The energy of the electrochemical gradient gets wasted as heat. 2, 4-dinitrophenol, desaspidin, and dicoumarol are typical examples of uncouplers. The drug aspirin is also an uncoupling agent. In photosynthetic cells of eukaryotes, chemiosmosis occurs in
the thylakoid membranes of the chloroplast. It takes place during light-dependent reactions of photosynthesis, where the energy of photons is used to make ATP for dark reactions. Here, the photoexcited electrons pass through the ETC but do not return to photosystem I. As photoexcited electrons from the photosystem I move through the electron
transport chain, energy is liberated that pumps protons from the stroma of chloroplasts into the lumen of thylakoids. The flow of electrons is: Photosystem I -> Plastoquinone -> Cytochrome Complex -> Plastocyanin -> Photosystem II -> Ferredoxin -> NADP The protons move down the concentration gradient back into the stroma, passing through the
proton channel of ATP synthase, rotating the ring, and liberating energy, which is used to generate ATP from ADP At the end of each cycle, the photoexcited electrons pass through the ETC and return to photosystem I. The flow of electrons is: Photosystem II -> Ferredoxin -> Cytochrome Complex -> Plastocyanin -> Photosystem II The mechanism of
ATP production is the same as the non-cyclic flow of electrons. Due to the absence of membrane-bound organelles, chemiosmosis in prokaryotes such as bacteria and archaea occurs in the cell membrane. The basic process is similar to mitochondria and chloroplast in eukaryotes. Article was last reviewed on Friday, February 3, 2023 Chemiosmosis is
the process by which hydrogen ions (protons) diffuse to the other side of the biological membrane from high to low concentration. It creates a difference in their concentration (electrochemical gradient) between the two sides of the semi-permeable membrane. The gradient energy synthesizes adenosine triphosphate (ATP) in the cell. It is the final part
of oxidative phosphorylation. The initial part is the electron transport chain. In eukaryotes, chemiosmosis occurs in the mitochondria during aerobic cellular respiration and in the chloroplasts during photosynthesis. Since prokaryotes lack these organelles, chemiosmosis occurs in their plasma. However, chemiosmosis requires a membrane to allow
the electrochemical gradient to develop. Chemiosmosis directly results in the synthesis of ATP. Thus, it is the primary energy source through cellular respiration within the cell. Any defect in the pathway would devoid the cell from producing ATP through oxidative phosphorylation. Peter D. Mitchell first proposed the chemiosmotic theory in 1961. His
theory suggests chemiosmosis is driven by an electrochemical proton gradient across the inner mitochondrial membrane that produces ATP in cells. Before chemiosmosis can start, the electrochemical needs to be established with the help of high-energy molecules, NADH and FADH?2. These compounds were formed during glucose oxidation through
glycolysis in the cytoplasm to form pyruvate. The pyruvate is further metabolized to acetyl CoA and then to citric acid or citrate through a series of steps in the citric acid cycle in the mitochondrial matrix. This cycle, with reducing intermediates like NAD and FAD, form NADH and FADH2. These intermediates act as electron carriers in the electron
transport chain. When the electrons move down the electron transport chain, protons are pumped across the mitochondrias inner membrane, creating an electrochemical gradient, which eventually phosphorylates ADP to ATP. This final step is called chemiosmosis. The steps below describe how chemiosmosis occurs in the mitochondria of eukaryotes:
Chemiosmosis The sources of electrons in the electron transport chain are high-energy electron carriers like NADH and FADH2. NADH provides electrons to Complex I while FADH?2 provides electrons to Complex IIAs electrons move along the electron transport chain cause from a higher to a lower energy level, energy is released. The flow of
electrons in ETC is: Complex I -> Complex II-> Coenzyme Q ->Complex III -> Cytochrome c-> complex IV ->0xygen The hydrogen ions or protons are in lower concentration inside the mitochondrial matrix. The energy liberated by electrons helps to pump protons into the intermembranous space against their concentration gradient. The energy of
electrons is stored as an electrochemical gradientWith the increase in the concentration of protons in the intermembranous space, they move down their concentration gradient along the proton channel in the ATP synthase. This process is coupled to turn the proton ring and liberate energyThe enzyme ATP synthase uses this energy to phosphorylate
ADP, forming ATP on the stroma At the end of aerobic respiration, around 32 ATPs are produced from one glucose molecule. Among these, 2 ATPs are from glycolysis, 4 from the Krebs cycle, and the remaining 28 from chemiosmosis. Chemiosmosis is inhibited by inhibitors of the electron transport chain or uncouplers. They are protein channels that
provide an alternative path for entering the stroma without the involvement of ATP synthase. The energy of the electrochemical gradient gets wasted as heat. 2, 4-dinitrophenol, desaspidin, and dicoumarol are typical examples of uncouplers. The drug aspirin is also an uncoupling agent. In photosynthetic cells of eukaryotes, chemiosmosis occurs in
the thylakoid membranes of the chloroplast. It takes place during light-dependent reactions of photosynthesis, where the energy of photons is used to make ATP for dark reactions. Here, the photoexcited electrons pass through the ETC but do not return to photosystem I. As photoexcited electrons from the photosystem I move through the electron
transport chain, energy is liberated that pumps protons from the stroma of chloroplasts into the lumen of thylakoids. The flow of electrons is: Photosystem I -> Plastoquinone -> Cytochrome Complex -> Plastocyanin -> Photosystem II -> Ferredoxin -> NADP The protons move down the concentration gradient back into the stroma, passing through the
proton channel of ATP synthase, rotating the ring, and liberating energy, which is used to generate ATP from ADP At the end of each cycle, the photoexcited electrons pass through the ETC and return to photosystem I. The flow of electrons is: Photosystem II -> Ferredoxin -> Cytochrome Complex -> Plastocyanin -> Photosystem II The mechanism of
ATP production is the same as the non-cyclic flow of electrons. Due to the absence of membrane-bound organelles, chemiosmosis in prokaryotes such as bacteria and archaea occurs in the cell membrane. The basic process is similar to mitochondria and chloroplast in eukaryotes. Article was last reviewed on Friday, February 3, 2023 Chemiosmosis in
photosynthesis occurs in the thylakoid membrane of the chloroplasts. It is a process that uses energy stored in the form of a proton gradient across a membrane to drive cellular work such as ATP synthesis. Here's a step-by-step breakdown of how it occurs: During the light-dependent reactions, sunlight excites the electrons in the chlorophyll
molecules, causing them to move to a higher energy level. These high-energy electrons are then passed along the electron transport chain, from photosystem II to photosystem I. As the electrons move along the chain, they cause the proteins in the chain to pump protons (H1 ions) from the stroma into the thylakoid space, creating a proton gradient.
This movement of protons across the membrane is called chemiosmosis. The thylakoid membrane is impermeable to H1 ions, so they cannot cross it without the help of a special protein channel. The accumulation of H1 ions in the thylakoid space creates a high concentration of protons inside the space and a low concentration in the stroma. This
difference in concentration, or gradient, across the membrane stores potential energy. The protons can only pass back into the stroma through a protein channel called ATP synthase. As they pass through ATP synthase, their potential energy is used to add a phosphate group to ADP, producing ATP. This ATP is then used to power the light-
independent reactions of photosynthesis. So, in summary, chemiosmosis in photosynthesis is the process of moving protons across a membrane, then using their potential energy to synthesize ATP, which is used to power other reactions in the cell. Share copy and redistribute the material in any medium or format for any purpose, even commercially.
Adapt remix, transform, and build upon the material for any purpose, even commercially. The licensor cannot revoke these freedoms as long as you follow the license terms. Attribution You must give appropriate credit , provide a link to the license, and indicate if changes were made . You may do so in any reasonable manner, but not in any way that
suggests the licensor endorses you or your use. ShareAlike If you remix, transform, or build upon the material, you must distribute your contributions under the same license as the original. No additional restrictions You may not apply legal terms or technological measures that legally restrict others from doing anything the license permits. You do not
have to comply with the license for elements of the material in the public domain or where your use is permitted by an applicable exception or limitation . No warranties are given. The license may not give you all of the permissions necessary for your intended use. For example, other rights such as publicity, privacy, or moral rights may limit how you
use the material. Chemiosmosis in Cellular Respiration vs chemiosmosis in PhotosynthesisChemiosmotic Hypothesis was proposed by Peter Mitchell 1961.He was awarded the Nobel Prize for Chemistry in 1978. This process is occurringduring cellular respiration and photosynthesis.Chemiosmotic Theory states that Electron transport and ATP
synthesis arecoupled by a proton gradient across the inner mitochondrial membrane.Peter Mitchell proposed this theory to explainATP synthesis during cellular respirationSee simple step wise explanation onChemiosmosis in PhotosynthesisChemiosmosis in Cellular RespirationChemiosmosis in Cellular RespirationChemiosmosis in
PhotosynthesisChemiosmosis in Cellular Respiration occurs in allliving cells. Chemiosmosisin photosynthesis occurs only in green plants and cyanobacteriaChemiosmosis occurs during Electron transport chainof cellular respirationChemiosmosis occurs during Light dependent reactionof photosynthesisThe organelleinvolved is MitochondrionThe
organelleinvolved is ChloroplastThe exact siteof chemiosmosis is Mitochondrial inner membrane (cristae)The exact siteof chemiosmosis is thylakoid membrane of chloroplastElectron flowsthrough electron carriers located in the Mitochondrial inner membraneElectron flowsthrough electron carriers located in the Thylakoid membrane of
chloroplastProtongradient formation occurs across the mitochondrial inner membraneProtongradient formation occurs across thylakoid membraneProton (H+) ispumped from matrix into the intermembrane space of mitochondria using energyderived from electron flowProton (H+) ispumped from stroma into the thylakoid lumen or thylakoid space
using energyderived from electron flowATP synthesisoccurs towards the matrix sideas ATPsynthase is oriented towards matrix sideATP synthesisoccurs towards the stromal side as ATP synthase is oriented towards stromalsideTransformschemical energy or bond energy form food to ATPTransformslight energy into chemical energy in the form of
ATPATPsynthesized is used to drive all cellular activitiesATPsynthesized is used to fix carbondioxide to carbohydrates during lightindependent reaction of photosynthesis ATP is an essential requirement for the various metabolic processes taking place in living organisms. The continuous supply of ATP is necessary for the continuity of life. Any
interruption in the synthesis of ATP can result in harmful and life-threatening events. In most living systems, ATP is made by phosphorylation of already existing ADP molecules. This phosphorylation process is an endothermic process requiring some chemical energy. This energy is provided either by breaking the complex compounds obtained from
food as happens in heterotrophic organisms or by capturing and utilizing solar energy in the form of light as happens in photosynthesis. In both cases, ATP synthesis occurs by the process of chemiosmosis. Chemiosmosis is defined as the movement of ions down their concentration gradient through a semipermeable membrane i.e. osmosis of the ions.
In this article, we will discuss in detail the chemiosmotic theory, and the mechanisms by which it helps in making ATP, the energy currency of the cell. The chemiosmotic theory was first presented by Peter D. Mitchell in 1961. He suggested that most of the ATP in the metabolic cells is synthesized by utilizing the energy stored in the electrochemical
gradient across the inner mitochondrial membrane. This electrochemical gradient was first established by using the high energy molecules, NADH, and FADH2. These compounds were formed during the metabolism of food molecules like glucose etc. During oxygen metabolism, it is metabolized to form acetyl CoA which is further metabolized in the
mitochondrial matrix. The molecules of acetyl CoA are subject to oxidation in a process called the citric acid cycle. This cycle is coupled with the reduction of intermediates like NAD and FAD. The high energy intermediates (NADH and FADH?2) formed as a result of reduction are carried to the electron transport chain (ETC). These high energy
intermediates are in fact the carriers of electrons. The electrons of NADH and FADH?2 are donated to the electron transport chain. As the electrons move down the ETC, a large amount of energy is released that is used to produce the electrochemical gradient across the inner mitochondrial membrane. The energy of this gradient is later used to drive
a proton pump, which eventually phosphorylates ADP to ATP. This chemiosmotic theory was not accepted immediately as it was against the views of scientists at that time. It was believed that the energy of the electron flow was stored in the form of some high energy intermediates that were directly used to make ATP. However, with time, scientific
evidence began to prove the chemiosmotic hypothesis. The theory was accepted, and Mitchell was awarded Nobel Prize in Chemistry in 1978. The chemiosmotic theory now explains the ATP synthesis in mitochondria, chloroplasts, and many bacteria. The applications of chemiosmotic theory in all these organelles are discussed in detail in the
subsequent parts of this article. Chemiosmosis is the major source of ATP during cellular respiration in the prokaryotes. This process takes place in the mitochondria of the living cells. Let us understand the structure of mitochondria before diving into the process of chemiosmosis. Mitochondria are double membrane-bound organelles present in all
the eukaryotic cells with some exceptions. The outer membrane is smooth while the inner membrane shows various infoldings. The electron transport chain is located on the inner mitochondrial membrane. The electron transport chain is composed of four protein complexes embedded in the inner mitochondrial membrane. Complex I: It is composed of
NADH dehydrogenase, FMN, and an iron-sulphur protein.Complex II: This complex has enzyme succinate dehydrogenase, FAD, and an iron-sulphur protein just like Complex I.Complex II: It is cytochrome complex having cytochrome b and cytochrome c1. Cytochromes are the heme proteins that act as electron carriers.Complex IV: It is another
cytochrome complex containing cytochrome a and cytochrome a3. The cytochrome a3 is copper-containing cytochrome. In addition, another copper-containing protein CuA is also present in this complex. Coenzyme Q is also a member of the electron transport chain. It is a quinine derivative having a long isoprenoid tail embedded in the inner
mitochondrial membrane. It is ubiquitous in nature and is also called ubiquinone. Because of its lipid solubility and isoprenoid structure, Coenzyme Q can move freely along the inner mitochondrial membrane. Therefore, it is also regarded as a free or mobile electron carrier. Cytochrome c, a cytochrome present in the intramembranous space, is also a
component of the electron transport chain. In addition to the electron transport chain, another complex is present in the inner mitochondrial membrane called Complex V. This complex acts as a proton channel and has an intrinsic ability to phosphorylate ADP to ATP. Thus, it is also known as ATP synthase. The proton channel in ATP synthase is linked
with a ring. As the protons pass through the channel, they rotate the ring and energy is generated that is used to phosphorylate ADP. It is a space between the outer and inner mitochondrial membranes. The concentration of different ions in this space is different from the mitochondrial matrix. The protons from the mitochondrial matrix are pumped
and stored in this space for chemiosmosis. The chemiosmotic process in mitochondria involves the following steps; Electrons are provided to the electron transport chain via the high energy electrons carriers like NADH and FADH2. NADH provides electrons to Complex I of the ETC while FADH2 provides electrons to Complex II.The electrons then
move down the electron transport chain liberating a considerable amount of energy. The flow of electrons in ETC can be represented by the following equation: Complex I -> Complex II -> Coenzyme Q -> Complex III -> Cytochrome c -> complex IV -> Oxygen Oxygen acts as the final acceptor of electrons in the electron transport chain. The hydrogen
ions or protons are already in lower concentration within the mitochondrial matrix. The energy liberated by electrons is used to pump these protons into the intermembranous space against their concentration gradient. In this way, the energy of electrons is stored in the form of an electrochemical gradient.As the protons gather in the
intermembranous space to a particular concentration, they start moving down their concentration gradient through the proton channel in the ATP synthase. During this process, they rotate the proton ring and liberate energy.This energy is used by ATP synthase to phosphorylate ADP to ATP on the stromal side of the inner mitochondrial membrane.
The chemiosmotic process in mitochondria is the source of obtaining energy via cellular respiration. Any hindrance in this process will make it impossible to obtain energy via cellular respiration. This process can be inhibited by an inhibitor of the electron transport chain or uncoupler proteins. Uncoupler protein channels provide an alternate path to
protons for entering mitochondrial stroma without passing through the ATP synthase. The energy of the electrochemical gradient is wasted in the form of heat and no ATP is made. Some drugs also act as uncoupler proteins like Asprin. Read more about Electrochemical Gradients Chloroplasts are the organelles present in photosynthetic autotrophs.
Chemiosmosis in the organelles takes place during light-dependent reactions of photosynthesis when the energy of photoexcited electrons is used to make ATP for dark reactions. Let us first understand the structure of chloroplasts. Just like mitochondria, chloroplasts are also double-membrane organelles. However, both the membranes of
chloroplasts are smooth without any infoldings. The stroma of chloroplasts filled most of the space of organelles. Thylakoids are coin-shaped structures present inside the chloroplasts that are piled on one another to form grana. Thylakoids are the site for light-dependent reactions and chemiosmosis. They are composed of a lumen bound by a
membrane called the thylakoid membrane. Photosystems of chlorophyll molecules and the electron transport chain are located on the thylakoid membrane. The electron transport chain on thylakoid membranes is different than that present in the mitochondria. It is coupled with the photosystems present on the thylakoid membranes. Photosystems are
the clusters of chlorophyll molecules that gather the light energy, use it to excite the electrons of chlorophyll molecules and transfers it to the electron transport chain. An electron carrier called plastoquinone (Pq) is present in close association with the photosystem II. A cytochrome complex consisting of two cytochromes are present next to the
photosystem II. Next in the series is the photosystem I. A copper-containing protein called plastocyanin (Pc) and an iron-containing protein called ferredoxin (Fd) are present in close contact with photosystem I. Both these proteins are the electron carriers. Next to the photosystem I is ATP synthase. It has a structure similar to the ATP synthase
present in the inner mitochondrial membrane. The only difference is that the proton channel is located towards the lumen of thylakoid while the FO domain having phosphorylation ability is located towards the stroma of chloroplast. The chemiosmosis on thylakoid membranes takes place during the light-dependent reactions. It occurs in case of both
cyclic and non-cyclic electron flow. During this process, photoexcited electrons move through the both photosystems. It involves the following steps; The photons of light fall on the photosystems and excite the electrons.The photoexcited electrons move through the electron transport chain. The path of these electrons can be represented by the
following equation: Photosystem I -> Plastoquinone -> Cytochrome Complex -> Plastocyanin -> Photosystem II -> Ferredoxin -> NADP NADP is the final acceptor of electrons. As the electrons move down the electron transport chain, energy is liberated that is used to pump hydrogen ions from the stroma of chloroplasts into the lumen of
thylakoids.The energy of electrons is stored in the form of electrochemical gradient of protons across the thylakoid membrane.These protons move down the concentration gradient back into the stroma while passing through the proton channel of ATP synthase. During their journey, the protons rotate the ring and liberate energy.This energy is used
to phosphorylate ADP to ATP in the stroma of chloroplasts. In the cyclic flow, the photoexcited electrons pass through the electron transport chain and return to photosystem I after every cycle. The flow of electrons is represented as follows: Photosystem II -> Ferredoxin -> Cytochrome Complex -> Plastocyanin -> Photosystem II As the electron pass
through the electron transport chain, their energy is used to pump protons into the thylakoid lumen. ATP is made when these protons diffuse back into the stroma just like the non-cyclic flow of electrons. Chemiosmosis in chloroplasts is the source of ATP molecules for dark reactions of photosynthesis. If the chemiosmotic process fails to make ATP
molecules, the dark reactions cannot proceed, and the organisms fail to manufacture glucose. This chemiosmotic process holds the primary importance in the process of photosynthesis. It is the process by which light energy is converted into chemical energy and stored as high energy bonds in the molecules of ATP. Chemiosmosis is the movement of
protons down the concertation gradient coupled with the ATP synthesis in cellular respiration as well as photosynthesis. Peter D. Mitchell first proposed this hypothesis in 1961. At first, it was not accepted. However, after few years, it was widely accepted based on the experimental evidence. Chemiosmosis involves the electron transport chains
located in the mitochondria and chloroplasts. The chemiosmotic process in mitochondria occurs during cellular respiration. NADH and FADH?2 provide electrons to the ETC on the inner mitochondrial membrane.As the electrons move down the ETC, protons are pumped against the concentration gradient.The proton move back into the matrix by
passing through the ATP synthase.The protons release energy that is used to make ATP. The chemiosmotic process in chloroplasts stakes place during photosynthesis. The photoexcited electrons move down the ETC on thylakoid membrane.The energy of electron is used to pump proton from stroma into the thylakoid lumen.When the protons move
back to stroma, they pass through ATP synthase.The energy or protons is used to make ATP by ATP synthase. This process occurs during both cyclic and non-cyclic flow of electrons in the light-dependent reactions. Chemiosmosis is a process of movement of protons or hydrogen ions down the concentration gradient across the mitochondrial
membrane. This movement of protons is coupled with the synthesis of ATP. It is the coupling of the electron transport chain with the generation of ATP. As the electrons move down the electron transport chain on the inner mitochondrial membrane, energy is released which is used to pump protons from the mitochondrial matrix to the
intermembranous space, against their concentration gradient. In this way, energy is stored in the proton gradient. This energy is later used to generate ATP when protons move back into the matrix by passing through ATP synthase. Chemiosmosis takes place in plants as well as animal cells. It happens in the mitochondria of an animal cell. In plant
cells, it takes place in chloroplasts in addition to mitochondria. During light-dependent reactions of photosynthesis, chemiosmosis is the process by which light energy is converted to chemical energy in the form of ATP to be used in dark reactions. The hydrolysis of ATP produces ADP, together with an inorganic phosphate ion (Pi), and the release of
free energy. To carry out life processes, ATP molecules are continuously being broken down into ADP, and like a rechargeable battery, ADP is continuously being regenerated into ATP by the reattachment of a third phosphate group. Water, which was broken down into its hydrogen atom and hydroxyl group (hydroxide) during ATP hydrolysis, is
regenerated when a third phosphate is added to the ADP molecule, reforming ATP.Obviously, energy must be infused into the system to regenerate ATP. Where does this energy come from? In nearly every living thing on Earth, the energy comes from the metabolism of carbohydrates , especially glucose, fructose, or galactose, which all have the
chemical formula C6H1206 but different molecular configurations.Most of the ATP generated during glucose catabolism and during photosynthesis is derived from a process called chemiosmosis. Chemiosmosis takes place in the mitochondria, in chloroplasts, and in the plasma membrane of prokaryotes to produce ATP.Chemiosmosis takes place over
a membrane. In respiration this takes place over the inner mitochondrial membrane for eukaryotes, and over the plasma membrane for prokaryotes. Chemiosmosis also occurs in the chloroplasts during the light reactions of photosynthesis. (Chemiosmosis locations by Melissa Hardy is used under a Creative Commons Attribution-NonCommercial
license.Created with BioRender.com). In chemiosmosis, the energy released by the exergonic process of hydrogen ions flowing down their gradient across a membrane is coupled to an endergonic reaction the regeneration of ATP. Chemiosmosis requires that there is a gradient of protons (i.e. hydrogen ions), otherwise diffusion would not take
place.Recall that many ions cannot diffuse through the nonpolar regions of phospholipid membranes without the aid of ion channels. During chemiosmosis, hydrogen ions pass through a membrane by an integral membrane protein complex called ATP synthase. This complex protein acts as a tiny generator, turned by the force of the hydrogen ions
diffusing through it, down their gradient. The turning of parts of this molecular machine facilitates the addition of a phosphate group to ADP, forming ATP, using the potential energy of the hydrogen ion gradient. Chemiosmosis is the flow of ions down their gradient. In respiration and photosynthesis, diffusion of hydrogen ions, which is an exergonic
reaction, is coupled to the endergonic process of producing ATP. (Chemiosmosis by Melissa Hardy is used under a Creative Commons Attribution-NonCommercial license. Created with BioRender.com)Chemiosmosis is used to generate more than 80 percent of the ATP made during aerobic glucose catabolism; it is also the method used in the light
reactions of photosynthesis to harness the energy of sunlight to produce ATP that can then be used to build a carbohydrate. definitionmovement of ions down their gradient through a membrane protein; usually refers to the process that produces ATP by harnessing the energy of protons flowing down their gradient which powers ATP synthase
Chemiosmosis is the process where protons move across a membrane to generate energy for ATP production. This vital process occurs in the inner mitochondrial membrane of cells to drive cellular respiration. During chemiosmosis, the movement of protons creates a proton gradient used by ATP synthase to convert ADP to ATP, the cells primary
energy source. This mechanism plays a crucial role in various biological processes, such as photosynthesis and cellular metabolism. By understanding chemiosmosis, scientists gain insights into how energy is converted and used by living organisms, providing a foundation for advancements in biological research and biotechnology. Credit:
en.wikipedia.org Chemiosmosis is a crucial process in cellular respiration and photosynthesis, playing a vital role in the generation of energy. The key components of chemiosmosis include the Electron Transport Chain and the Proton Gradient, each with its own specific functions in the process of ATP production.Electron Transport ChainThe Electron
Transport Chain is a series of protein complexes and other molecules located in the inner mitochondrial membrane in eukaryotic cells or the plasma membrane in prokaryotic cells. It is responsible for the transfer of electrons from electron donors to electron acceptors through redox reactions. This transfer of electrons leads to the pumping of protons
across the membrane, contributing to the establishment of a proton gradient.Proton GradientThe Proton Gradient is a key component of chemiosmosis that is established as a result of the Electron Transport Chain. During the Electron Transport Chain, protons are pumped across the inner mitochondrial membrane, creating a concentration gradient.
This gradient represents a form of potential energy that is harnessed to drive the synthesis of ATP, an essential energy molecule utilized by cells for various biological processes. Credit: en.wikipedia.org Chemiosmosis is a crucial process in the production of ATP in cells. It involves the movement of ions across a selectively permeable membrane,
driving ATP synthesis. Lets dive into the different stages of chemiosmosis to understand this intricate process better.Electron Transport Chainln the first stage, the Electron Transport Chain transfers electrons through a series of proteins embedded in the inner mitochondrial membrane.Proton PumpingDuring Proton Pumping, the ETC pumps protons
from the mitochondrial matrix to the intermembrane space, creating a proton gradient.Atp SynthesisThe final stage, ATP Synthesis, occurs as protons flow back into the matrix through ATP synthase, driving the phosphorylation of ADP to form ATP. Role of Chemiosmosis in Cellular Respiration:Atp ProductionChemiosmosis is crucial in generating ATP
during cellular respiration.It utilizes the energy generated from the movement of protons.Generation Of Metabolic Energyln cellular respiration, chemiosmosis plays a pivotal role in producing metabolic energy.It aids in converting the stored energy in food into usable ATP. Chemiosmosis is a crucial process in cellular respiration and photosynthesis,
playing a significant role in the creation of adenosine triphosphate (ATP), the energy currency of the cell. The significance of chemiosmosis lies in its ability to efficiently conserve and harness energy, ultimately driving the essential cellular processes.Energy ConservationChemiosmosis is pivotal in the conservation of energy within the cell. During
cellular respiration, it occurs in the inner mitochondrial membrane, where the electron transport chain pumps protons across the membrane into the intermembrane space. This establishes a proton gradient, driving the ATP synthase to produce ATP from adenosine diphosphate (ADP) and inorganic phosphate. This process enables the cell to
efficiently store energy in the form of ATP for various metabolic activities.Efficiency Of Cellular ProcessesChemiosmosis contributes to the efficiency of cellular processes by providing a mechanism for the generation of ATP, facilitating essential functions such as muscle contraction, nerve impulse transmission, and biosynthetic reactions. This efficient
energy conversion allows the cell to maintain homeostasis, respond to environmental stimuli, and carry out metabolic processes necessary for growth and survival. Credit: microbenotes.com Chemiosmosis is a process where energy from electrons is used to pump protons across a membrane, creating a concentration gradient. This gradient powers
ATP synthesis. ATP is formed by chemiosmosis through the movement of protons across a concentration gradient. This process occurs in the mitochondrias inner membrane, where enzymes use the energy from electron transport chain reactions to pump protons from the matrix to the intermembrane space. This proton gradient is then used by ATP
synthase to synthesize ATP. Chemiosmosis in photosynthesis produces ATP using the proton gradient created in the thylakoid membrane during the light reaction. As the electrons move through the electron transport chain, protons are pumped into the thylakoid space. The movement of these protons back through ATP synthase generates ATP. Yes,
chemiosmosis is a crucial process in cellular respiration, allowing for the production of ATP energy. Chemiosmosis is a process by which ATP is synthesized in cells, utilizing the energy of an electrochemical gradient. In understanding chemiosmosis, we unravel the intricacies of how cells produce ATP and generate energy. It is a pivotal process in the
field of biochemistry, with broad implications for various fields. By grasping the mechanics of chemiosmosis, we gain insights into the fundamental workings of life at the cellular level. Chemiosmosis is when ions move by diffusion across a semi-permeable membrane, such as the membrane inside mitochondria. Ions are molecules with a net electric
charge, such as Na+, Cl, or specifically in chemiosmosis that generates energy, H+. During chemiosmosis, ions move down an electrochemical gradient, which is a gradient of electrochemical potential (a form of potential energy). Since chemiosmosis is a type of diffusion, ions will move across a membrane from areas of high concentration to areas of
low concentration. Ions also move to balance out the electric charge across a membrane. Chemiosmosis is involved in the production of adenosine triphosphate (ATP), which is the main molecule used for energy by the cell. In eukaryotes, ATP is produced through the process of cellular respiration in the mitochondria. First, the molecules NADH and
FADH?2, obtained from the citric acid cycle, pass electrons down an electron transport chain, which releases energy. This energy allows protons (H+) to travel down a proton gradient via chemiosmosis. This in turn provides the energy for the enzyme ATP synthase to make ATP. The flow of these protons down the gradient turns the rotor and stalk of
the ATP synthase, which makes it possible for a phosphate group to join with adenosine diphosphate (ADP), forming ATP. The production of ATP during respiration is called oxidative phosphorylation. Through oxygen and glucose, ATP is ultimately created through the phosphorylation of ADP. In aerobic respiration, 38 ATP molecules are formed per
glucose molecule. Since chemiosmosis plays a role in the creation of ATP during this process, without chemiosmosis, organisms would not be able to produce the energy that they need to live. The idea that ATP is synthesized through chemiosmosis was first proposed in 1961 by Dr. Peter D. Mitchell. At the time, this was controversial, because it was
more widely accepted that there was some intermediate molecule that stored energy from the electron transport chain. However, an intermediate molecule was never found, and eventually research showed that the chemiosmosis theory was correct. Mitchell would later go on to win the Nobel Prize in Chemistry in 1976 for his contributions to
science.This images shows, very generally, ions moving from high to low concentration during chemiosmosis. Although chemiosmosis is often generally defined as the movement of ions across a membrane, it is really only used in the context of talking about the movement of H+ ions during the production of ATP. The most common method involving
chemiosmosis in the production of ATP is cellular respiration in the mitochondria, the process of which is discussed above. All eukaryotic organisms have mitochondria, so chemiosmosis is involved in ATP production through cellular respiration in the vast majority of different types of organisms, from animals to plants to fungi to protists. However,
even though archaea and bacteria do not have mitochondria, they also use chemiosmosis to produce ATP through photophosphorylation. This process also involves an electron transport chain, proton gradient, and chemiosmosis of H+, but it takes place across the inner membrane of the bacterium or archaeon, since they have no mitochondria.Plants
produce ATP during photosynthesis in the chloroplast in addition to the ATP they generate through cellular respiration in mitochondria. The process is again similar: during photosynthesis, light energy excites electrons, which flow down an electron transport chain, which in turn allows H+ ions to travel through a membrane in the chloroplast. Some
bacteria, such as cyanobacteria, also use photosynthesis. The similarities between these ATP production methods are more than just coincidence; both mitochondria and chloroplasts are thought to have evolved from free-living bacteria. This theory is called the endosymbiotic theory. This theory hypothesizes that that had symbiotic relationships with
other cells, aiding them by producing energy in return for a place to live inside the cell. Over time, these bacteria became inextricable from the cells they resided in. The fact that mitochondria and chloroplasts have their own, separate, DNA supports this idea. This is why the chemiosmosis is used in generally the same way whether ATP is being
produced in a mitochondrion, chloroplast, or bacterium. Glucose A simple sugar that has an important role in metabolism and energy production.Adenosine triphosphate (ATP) The main molecule used for energy in cells.Ion A molecule with a net electric charge due to gaining or losing an electron.Diffusion Movement of molecules from an area of high
concentration to an area of low concentration. 1. Which organism does not have mitochondria?A. HumanB. MushroomC. BacteriaD. FernC is correct. Bacteria do not have mitochondria. However, they still produce energy though a similar process involving chemiosmosis. It is thought that mitochondria actually evolved from bacteria that were once
free-living; this theory is called the endosymbiotic theory.2. Chemiosmosis involving what ion is part of the process of generating ATP?A. Na+B. H+C. CID. HB is correct. During cellular respiration, protons (H+) travel down a proton gradient by chemiosmosis. This causes the enzyme ATP synthase to turn and join a phosphate group to adenosine
diphosphate (ADP), forming ATP. Choice D, H, refers to electrons, which are also involved in the production of ATP but travel down the electron transport chain, not through chemiosmosis.3. Chemiosmosis can occur in what cell organelle?A. MitochondrionB. ChloroplastC. NucleusD. Choices A and BD is correct. Chemiosmosis occurs in mitochondria
during cellular respiration and in chloroplasts during photosynthesis. Both of these processes generate ATP.About Chemiosmotic TheoryDefinitionChemiosmotic is relating to or being a hypothesis that seeks to explain the mechanism of ATP formation in oxidative phosphorylation by mitochondria and chloroplasts without recourse to the formation of
high-energy intermediates by postulating the formation of an energy gradient of hydrogen ions across the organelle membranes that results in the reversible movement of hydrogen ions to the outside and is generated by electron transport or the activity of electron carriers.Chemiosmotic Theory actually explains that, how ATP is generated in the
mitochondria via the electron transfer chain (ETC). ETC is an oxidative phosphorylation reaction takes place in the inner membrane of the mitochondria. It begins with NADH and FADH2 that looses electrons. These electrons are transferred along the chain. As each complex accepts electrons and passes it on, energy is released. This energy is used to
pump the protons move against the concentration gradient from the matrix of the mitochondria to the inner membrane space. Eventually, there is a high concentration of protons build up the membrane space and the protons try to move back into the matrix.The theory suggests essentially that most adenosine triphosphate (ATP) synthesis in respiring
cells comes from the electrochemical gradient across the inner membranes of mitochondria by using the energy of NADH and FADH?2 formed from the breaking down of energy-rich molecules such as glucose.Molecules such as glucose are metabolized to produce acetyl CoA as an energy-rich intermediate. The oxidation of acetyl coenzyme A (acetyl-
CoA) in the mitochondrial matrix is coupled to the reduction of a carrier molecule such as nicotinamide adenine dinucleotide (NAD) and flavin adenine dinucleotide (FAD). The carriers pass electrons to the electron transport chain (ETC) in the inner mitochondrial membrane, which in turn pass them to other proteins in the ETC. The energy available
in the electrons is used to pump protons from the matrix across the inner mitochondrial membrane, storing energy in the form of a transmembrane electrochemical gradient. The protons move back across the inner membrane through the enzyme ATP synthase. The flow of protons back into the matrix of the mitochondrion via ATP synthase provides
enough energy for ADP to combine with inorganic phosphate to form ATP. The electrons and protons at the last pump in the ETC are taken up by oxygen to form water.ChemiosmosisThe coupling of metabolic and light energy to the performance of transmembrane work through the intermediary of electroosmotic gradients. Processes include synthesis
of adenosine triphosphate (ATP) by oxidative phosphorylation or by photosynthesis, production of heat, accumulation of small molecules by active transport, movement of bacterial flagella, uptake of deoxyribonucleic acid (DNA) during bacterial conjugation, genetic transformation and bacteriophage infection, and insertion or secretion of proteins into
or through membranes.ATP synthase is the enzyme that makes ATP by chemiosmosis. It allows protons to pass through the membrane and uses the free energy difference to phosphorylate adenosine diphosphate (ADP), making ATP. The generation of ATP by chemiosmosis occurs in mitochondria and chloroplasts, as well as in most bacteria and
oarchaea, an electron transport chain pumps H+ ions in the thylakoid spaces through thylakoid membranes. The energy from the electron movement through electron transport chains cross through ATP synthase which allows the proton to pass through them and use this free energy difference to photophosphorylate ADP making ATP.Nobel
PrizeEventually the weight of evidence began to favor the chemiosmotic hypothesis, and in 1978, Peter Mitchell was awarded the Nobel Prize in Chemistry.Mitchells research has been carried out within an area of biochemistry often referred to in recent years as bioenergetics, which is the study of those chemical processes responsible for the energy
supply of living cells. Life processes, as all events that involve work, require energy, and it is quite natural that such activities as muscle contraction, nerve conduction, active transport, growth, reproduction, as well as the synthesis of all the substances that are necessary for carrying out and regulating these activities, could not take place without an
adequate supply of energy.This theory was first received with scepticism; but, over the past 15 years, work in both Mitchells and many other laboratories have shown that the basic postulates of his theory are correct. Even though important details of the underlying molecular mechanisms are still unclear, the chemiosmotic theory is now generally
accepted as a fundamental principle in bioenergetics. This theory provides a rational basis for future work on the detailed mechanisms of oxidative phosphorylation and photophosphorylation. In addition, this concept of biological power transmission by protonmotive force (or proticity, as Mitchell has recently began to call it in an analogy with
electricity) has already been shown to be applicable to other energy-requiring cellular processes. These include the uptake of nutrients by bacterial cells, cellular and intracellular transport of ions and metabolites, biological heat production, bacterial motion, etc. In addition, the chloroplasts of plants, which harvest the light-energy of the sun, and the
mitochondria of animal cells, which are the main converters of energy from respiration, are remarkably like miniaturized solar- and fuel-cell systems. Mitchells discoveries are therefore both interesting and potentially valuable, not only for the understanding of biological energy-transfer systems but also in relation to the technology of energy
conversion.
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