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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. Glycolysis is the first and common step for aerobic and anaerobic cellular respiration. ‘Glyco’ stands for ‘glucose’, and ‘lysis’ means ‘splitting’. So, it can be defined as a metabolic process where a glucose molecule
gets broken down under the influence of several enzymes. Here, the six-carbon compound glucose splits into two molecules of pyruvate, a three-carbon sugar. Along with pyruvate, the process also yields 2 ATPs, 2 NADH, and 2 H20. This metabolic pathway is also known as Embden-Meyerhof-Parnas pathway or EMP pathway after its discoverer
German biochemists Gustav Embden, Otto Meyerhof, and Jakub Karol Parnas. In both prokaryotic (e.g. bacteria) and eukaryotic cells (e.g. all higher animals) glycolysis takes place in the cytoplasm. Glycolysis Glycolysis mainly occurs through these 10 following steps: Step 1: In the first step, a phosphate group from ATP gets transferred to the glucose
molecule present in the cell cytoplasm, producing glucose-6-phosphate. This step is catalyzed by the enzyme hexokinase. Step 2: Next, the glucose-6-phosphate gets converted into its isomer, fructose-6-phosphate by the action of phosphoglucomutase. Step 3: Another phosphate group gets transferred from ATP to fructose-6-phosphate to produce
fructose-1,6-bisphosphate, under the influence of phosphofructokinase. Step 4: In this step, the enzyme aldolase acts on the fructose-1,6-bisphosphate and splits it into dihydroxyacetone phosphate (DHAP) and glyceraldehyde 3-phosphate. These two three-carbon molecules are isomers of each other. Out of them, only glyceraldehyde-3-phosphate can
directly continue through the next steps of glycolysis. Step 5: As DHAP cannot directly take part in the consecutive steps of the process, it gets converted into its isomer glyceraldehyde-3-phosphate by the enzyme triose-phosphate isomerase. Step 6: Next, the enzyme glyceraldehyde 3-phosphate dehydrogenase (GAPDH) adds a phosphate from the
cytosol to the glyceraldehyde 3-phosphate to form 1,3-bisphosphoglycerate. The same enzyme also dehydrogenates glyceraldehyde 3-phosphate by transferring one of its hydrogen (H*) molecules to the oxidizing agent NAD* to form NADH and H*. The two molecules of glyceraldehyde 3-phosphate, one formed directly and one after the
interconversion, both undergo this process of phosphorylation and dehydrogenation. Step 7: After this, the 1,3-bisphosphoglycerate donates one of its phosphate groups to ADP, making a molecule of ATP and turning into 3-phosphoglycerate (3 PGA) in the process. As there are two molecules of 1,3-bisphosphoglycerate, the reaction yields two 3 PGA,
and 2 ATPs. Step 8: 3-phosphoglycerate gets converted into its isomer, 2-phosphoglycerate by the action of phosphoglyceromutase. Step 9: In this step, the enzyme enolase acts on 2-phosphoglycerate and removes a molecule of water from it, thus producing phosphoenolpyruvate (PEP). Step 10: As PEP is an unstable molecule, it loses one of its
phosphate group in this step. The lost phosphate group gets to ADP under the influence of the enzyme pyruvate kinase. This step yields 2 molecules of pyruvate and 2 ATPs in the end. As this pyruvate enters the next phase of cellular respiration, it is considered as the end product of glycolysis. C6H1206 + 2NAD+ +2ADP + 2Pi - 2C3H403 + 2NADH
+ 2ATP + 2H+ + 2H20 Reactants Glucose (C6H1206)Nicotinamide adenine dinucleotide, oxidized (NAD+)Adenosine diphosphate (ADP)Inorganic phosphate (Pi) Products Pyruvate (C3H403)Nicotinamide adenine dinucleotide, reduced (NADH)Adenosine triphosphate (ATP)Water (H20) The overall process of glycolysis can be classified into two main
phases: energy-requiring or energy investment phase, and energy-releasing or energy payoff phase. i. Energy investment phase - This phase includes the steps that require energy in the form of ATPs. In glycolysis, two ATP molecules are required to produce high energy intermediates. ii. Energy payoff phase - Contrary to the the previous step, here
ATP molecules are released as the byproducts of the pathway. The overall reaction yields 4 ATPs, and 2 NADH molecules. Though a total of 4 ATP molecules are produced in the process, 2 are consumed in the process itself. So, the net number of ATPs produced in glycolysis is 2. It breaks down glucose to form high-energy molecules ATP and NADH,
which fuel the cellular activities.Pyruvate, the end product of this process, helps to continue the chain reactions of cellular respiration. In aerobic respiration it enters the citric acid cycle, whereas in anaerobic respiration it takes part in fermentation.The intermediate compounds formed in this process can be used in various other cellular processes.
The main advantage of glycolysis is that it produces energy very fast, without requiring oxygen. Q.1. Can glycolysis occur without oxygen? Ans: Yes, glycolysis can occur without oxygen. Q.2. Does glycolysis produce CO2? Ans: No, glycolysis does not produce CO2. Q.3 Does glycolysis occur before Krebs cycle? Ans: Yes, glycolysis occur before Krebs
cycle. Q.4. Does glycolysis occur in all cells? Ans: Yes, glycolysis occurs in all living cells. Q.5. Why is ATP required for glycolysis? Ans: ATP is required to split the glucose molecule into two pyruvate molecules. Article was last reviewed on Wednesday, October 4, 2023 Glycolysis is a metabolic process at the start of the chain of reactions within the
process of cellular respiration - production of cellular energy. It occurs in the presence or absence of oxygen to enable aerobic and anaerobic cellular respiration. The glycolysis pathway converts one glucose (sugar) molecule into two pyruvate molecules; this ten-step conversion occurs in the presence of specific enzymes in the cell cytosol. Glycolysis
is sometimes called the Embden-Meyerhof-Parnas or EMP pathway after the scientists that first proposed this mechanism. When glycolysis occurs, a glucose molecule (C6H1206) is turned into two pyruvate (CH3(C=0)COOH) molecules and one positively-charged hydrogen ion (H+). This reaction requires other ingredients - two positively-charged
oxidized NAD+ (nicotinamide adenine dinucleotide) coenzyme molecules, two inorganic phosphate molecules, and two adenosine diphosphate (ADP) molecules. C6H1206 + 2 NAD+ + 2 Pi + 2 ADP A ten-step process eventually converts glucose into two pyruvate molecules, two water molecules, two adenosine triphosphate (ATP) molecules, two
reduced nicotinamide adenine dinucleotide (NADH) molecules, and two hydrogen ions. 2 (C3H403) + 2H20 + 2 ATP + 2 NADH + 2 H+ To properly understand this glycolysis formula, we should look at the separate components. Glucose is named after the Greek word for ‘sweet’. It is a simple, easily-converted form of carbohydrate and a
monosaccharide. Glucose is stored as glycogen in animals or as free sugar in the blood. When the body needs energy, glycogen is broken down into glucose via glycogenolysis. We also ingest quantities of glucose in our diet, usually within more complex sugars such as disaccharides and polysaccharides. Glucose is one of the three simplest components
of dietary sugars; the others are fructose and galactose. Hexoses - six carbon atoms. Glucose contains six carbon atoms, twelve hydrogen atoms, and six oxygen atoms. The prefix that relates to the number six - hex - tells us why glucose is a hexose; ‘ose’ is the chemical suffix that tells us it is a sugar. This is also the same for fructose and galactose,
although the molecular structure differs. Nicotinamide adenine dinucleotide comes in two forms - oxidized (NAD+) and reduced (NADH). You can see that the oxidized form has a positive charge. This gives us an indication of its role as an electron carrier. The oxidized form accepts electrons from glucose and, by doing so, NAD+ becomes NADH. At a
later stage, NADH donates electrons to oxygen and once again becomes NAD+. This reoxidation reaction is necessary to sustain glycolysis. Both NAD forms act as a single coenzyme - a chemical carrier molecule that supports enzyme activity. Oxidized NAD and reduced NADH molecules. Inorganic phosphate is a glycolysis reactant. It provides the
phosphoryl group that is important throughout the glycolysis steps described further on. It is the conversion of adenosine triphosphate (ATP) into adenosine diphosphate (ADP) that provides energy in the mitochondria of cells. As these names suggest, ADP contains two phosphate molecules and ATP contains three. When ATP releases one of its
phosphate groups to become ADP, the energy that once bound the phosphate becomes free. This energy can then be used to drive other cellular functions. The ATP ADP cycle. To reattach the phosphate and so provide a future source of energy, we need to produce more energy than we expend. When glucose is not available we can convert lipids into
energy. Without energy in the form of ATP, a cell cannot function and will die. If you are asked, “where does glycolysis take place?”, there is only one correct answer. In the cell cytoplasm. Glycolysis does not describe the entire energy-producing process in the cell. It is an early step that precedes the citric acid cycle where ATP is produced in higher
quantities from acetyl-CoA - a derivative of pyruvate. While the final stages of cellular respiration occur inside the mitochondria of cells, glycolysis - as an early stage - does not. Glycolysis occurs in the cell cytosol. Cellular respiration in the presence of oxygen (aerobic). Aerobic glycolysis and anaerobic glycolysis steps are the same. This mechanism
does not need oxygen and, therefore, exists either in the presence or absence of O2. This cannot be said of the entire cell respiration process where anaerobic and aerobic pathways differ. The glycolysis process is divided into ten steps. Step one is the phosphorylation of glucose. Here, ATP releases one phosphate and becomes ADP. The released
phosphate binds to the oxygen that is attached to the sixth carbon of the glucose molecule. The glucose now becomes glucose-6-phosphate (G6P) - a more reactive product that is unable to leave the cell via the phospholipid bilayer thanks to the additional phosphate group. Hexokinase transforms glucose to G6P. The enzyme that enables glucose
phosphorylation is hexokinase. Hexokinase catalyzes (speeds up) phosphorylation in hexoses (sugars with six carbons). Positively-charged magnesium ions are essential to the process as these bind to ATP and ADP during the transfer of the negatively-charged phosphate group. This enables hexokinase to do its work unhindered. Mg2+ is a glycolysis
cofactor and is required for all of its electron transfer processes. An isomer is a molecule with the same chemical formula but a different structure. The oxygen atom attached to the first carbon (C1) of G6P is transferred to the second carbon (C2). This changes the structure of glucose-6-phosphate. The result is an isomer as no atoms have been added
or taken away. This isomer is called fructose-6-phosphate (F6P). The enzyme that helps to transfer the oxygen atom and form a G6P isomer is called phosphoglucoisomerase or glucose phosphate isomerase. A computer-generated image of G6P isomerase. It is possible to reverse isomerization and produce G6P again; however, this only occurs if
quantities of F6P are extremely high. The move into step three prevents the reversal of G6P isomerization. With the help of the phosphofructokinase enzyme, F6P is phosphorylated to produce fructose-1,6-bisphosphate (F1,6DP). Biphosphate tells us that another ATP molecule has transferred its phosphate and become ADP (in the presence of
magnesium ions). The energy produced by this reaction, as with glucose phosphorylation, produces a little heat. Two charged phosphate groups have now been added. Magnesium is essential throughout glycolysis steps. Cleavage refers to the splitting of the F1,6DP molecule into two sugars - dihydroxyacetone phosphate (DHAP) and glyceraldehyde-
3-phosphate (GAP). As both sugars have the same numbers of carbon, oxygen, hydrogen, and phosphate but have different structures, they are isomers of each other. The structure of GAP enables it to be used in step six. DHAP must be further converted in step five. The enzyme used in the cleavage process is called fructose diphosphate aldolase. The
role of aldolase. As mentioned in the step above, DHAP must be isomerized into GAP as only GAP is used in later glycolysis stages. This occurs under the influence of the enzyme phosphotriose isomerase (triose phosphate isomerase). Step five is the final preparatory stage of glycolysis and signals the end of the first stage. This stage uses two ATP
molecules per glucose molecule. No pyruvate has been formed; however, the original six-carbon glucose has now been converted into two sugars containing only three carbons each. DHAP to GAP and GAP to DHAP. Now all the three-carbon sugars are the same, the second phase of glycolysis can commence. This is an energy-conserving stage and
does not require the conversion of ATP to ADP. The next phase is also known as the glycolysis pay-off phase. Two events occur during step six. Free phosphate not attached to ATP is used in the phosphorylation of GAP. This is made possible by the enzyme glyceraldehyde 3-phosphate dehydrogenase (GAPDH). GAPDH fixes the GAP into a structure
whereby a molecule of NAD+ coenzyme, described under an earlier heading, can oxidize it. NAD+ removes one negatively-charged hydrogen ion from GAP and is reduced to NADH and H+. This makes conditions right for a free phosphate to replace the GAPDH bound to GAP. The resulting sugar is called 1,3 diphosphoglycerate. Oxidation of G3P. At
this step, one glucose molecule has produced two 1,3 disphosphoglycerates, two NADH, and two positively-charged hydrogen ions. Energy can now begin to be produced. Through the enzyme phosphoglycerate kinase, a phosphate group is transferred from 1,3 diphosphoglycerate to ADP. This reaction produces ATP and 3-phosphoglycerate. For every
glucose molecule, two smaller monosaccharides are produced, so this step produces two ATP molecules for every glucose that goes through glycolysis. As with other phosphorylation processes, magnesium ions are essential to prevent the negative charges of phosphate groups from pushing other negatively-charged groups away. However, steps one
and three required two ATP molecules. This means the net energy profit is zero at step seven. To generate more energy than it uses, the glycolysis cycle must continue. The enzyme phosphoglycerate mutase (PGM) changes 3-phosphoglycerate into 2-phosphoglycerate. The number in front of the isomer name shows at which carbon the phosphoryl
group is attached. PGM shifts the phosphoryl group from its place on the third carbon to the second. No energy is required and none is produced. The result of step 8. Dehydration describes the loss of water. One glucose molecule produces two molecules of water in step nine. When one oxygen and two hydrogen atoms are removed from 2-
phosphoglycerate under the influence of the enzyme phosphopyruvate hydratase (enolase), it becomes phosphoenolpyruvate (PEP). This is the first time the word pyruvate appears in the glycolysis pathway. From 2PG to phosphoenolpyruvate. The final stage of glycolysis produces energy excess. Step ten is an energy-generating step. The enzyme
pyruvate kinase removes the phosphate group on the second carbon of each PEP. The phosphate is transferred to ADP in the presence of magnesium ions. Without this phosphate group, PEP becomes pyruvate. It takes two ATP molecules to phosphorylate one molecule of glucose and F6P. After F1,6DP has been split into two smaller monosaccharides,
two times two ATP molecules are produced during the phosphate to ADP transfer steps - a total of four ATP molecules. This means that every glucose molecule that undergoes glycolysis supplies the cytosol with two ATP molecules. Remember that energy is produced only when ATP releases phosphate to become ADP - ATP is, therefore, an energy
store. The mighty mitochondrion - powerhouse of the cell. The products of glycolysis from one molecule of glucose are: 2 x ATP 2 x NADH 2 x pyruvate Pyruvate is an essential component of the citric acid cycle. This pyruvate is broken down to produce acetyl-CoA, the central molecule of the Krebs cycle. Glycolysis is, therefore, the method by which a
cell can manufacture enough acetyl CoA to produce energy. Unlike glycolysis, the citric acid or Krebs cycle takes place in the mitochondria and only occurs in the presence of oxygen. However, the central components are very similar, including NADH, enzyme activity, pyruvate, and ATP. Glycolysis - all the steps. Just as there are ten glycolysis steps,
there are ten enzymes that speed up the process. The ten enzymes, in order of appearance in the glycolysis pathway, are: Hexokinase Phosphoglucoisomerase Phosphofructokinase Fructose diphosphate aldolase Phosphotriose isomerase Glyceraldehyde 3-phosphate dehydrogenase Phosphoglycerate kinase Phosphoglycerate mutase Enolase Pyruvate
kinase Processed sugar - a rich source of glucose. Bibliography Rodwell VW, Bender D, Botham KM, Kennelly P], Weil A. (2018). Harper’s Illustrated Biochemistry: Thirty-First Edition. New York, McGraw Hill Professional. Puri D. (2020). Textbook of Medical Biochemistry: Fourth Edition. Mumbai, Elsevier. DiTullio D, Dell’Angelica E? (2018).
Fundamentals of Biochemistry Medical Course and Step 1 Review. New York, McGraw Hill Professional. In biochemistry, there are multiple main metabolic pathways that either generate or release energy for the cells through chemical reactions. Although there are plenty of metabolic pathways in general, some of them are especially crucial for
humans. The most important metabolic pathways for humans are glycolysis, gluconeogenesis, citric acid cycle (Kreb’s cycle), oxidative phosphorylation, the pentose phosphate pathway, and the electron transport chain. While all these pathways are absolutely crucial, this article will focus on the importance of glycolysis. Glycolysis as metabolic
pathway for glucose convertion to pyruvic acid outline diagram. Labeled chemical scheme with free energy release process as ATP formation or ADP reduction vector illustration. Glycolysis is defined as the oxidation or breakdown of glucose to obtain ATP, the primary source of energy for numerous cellular processes. Although there are other
metabolic pathways that generate ATP, many cells and cellular processes occurring in living organisms prefer using glucose as the main fuel. To help you better understand the significance of glycolysis for humans and other organisms, here are ten reasons why glycolysis is so important. #1. Glycolysis Is the Breakdown of Glucose Glycolysis, also
known as the Embden-Meyerhof-Parnas pathway, was fully described in 1940. Scientists didn’t know that glucose fermentation required phosphate until 1905. As chemists and biochemists discovered that many organisms break glucose molecules in the same way, they managed to explain how glycolysis works. In a nutshell, glycolysis is the
breakdown of glucose that leads to the synthesis of pyruvate and ATP. Glycolysis is a 10-step enzyme-catalyzed metabolic pathway that fuels many of the cellular processes by providing sufficient energy. #2. Glycolysis Does Not Require Oxygen Glycolysis takes place in the cytoplasm of a cell and it is a type of respiration that does not require oxygen.
Therefore, glycolysis can be performed by both anaerobic and aerobic cells. This is why glycolysis is considered one of the oldest types of cell respiration. Besides, it is believed that glycolysis evolved billions of years ago when there was no oxygen in the atmosphere. #3. Glycolysis Produces Energy in the Form of ATP Molecules The glycolytic
pathway involves 10 steps of enzyme-catalyzed reactions that yield 2 ATP molecules per glucose molecule. Although the first and third steps of glycolysis consume ATP, it is regenerated in the seventh and tenth steps of the pathway. By transferring the phosphate group to another molecule during phosphorylation, ATP becomes capable of fueling
numerous cellular processes. Therefore, glycolysis is essential for producing ATP that either stores or releases energy required by the cells. #4. Glycolysis Is Essential for Red Blood Cells to Obtain Energy While there are different ways cells can obtain energy, glycolysis is the only source of energy for red blood cells. In order for the red blood cells to
maintain a myriad of vital functions, it is necessary to generate and store high-energy phosphates (ATP) obtained during the anaerobic oxidation of glucose. As glucose is the only fuel for red blood cells, glycolysis is absolutely crucial for living organisms. #5. Glucose Is the Preferred Fuel for the Brain under Non-Starvation Conditions During
starvation, the brain utilizes ketone bodies as the major fuel and glucose utilization is decreased. However, brain cells prefer using glucose as fuel under non-starvation conditions. According to the review article, the human brain obtains 20% of energy through glucose breakdown. Evidently, glucose-derived energy is essential for the brain to function
properly while controlling and coordinating numerous actions and reactions. #6. Muscles Use Glucose as the Main Fuel During Endurance Exercises As a matter of fact, carbohydrates are the major sources of energy during exercise. Your muscles can store carbohydrates and proteins that produce energy-rich phosphates. However, when readily
available ATP is consumed, your muscles start using glucose as the main fuel. Without glucose, it would be impossible to complete endurance exercises or those requiring more energy than your muscles have stored. Therefore, glycolysis provides you with extra energy, fueling various activities as you exercise. #7. Glucose Is the Primary Metabolic
Fuel for Mammals Considering what we have discussed above, glucose is the primary metabolic fuel for mammals under normal conditions. Glucose that comes from complex and simple carbohydrate sources you eat is absolutely crucial for fueling numerous cellular processes. Glycolysis allows living organisms to obtain energy from glucose
molecules. #8. Glycolysis Can Supply the Cells with Energy Quickly Glycolysis is capable of providing the cells with energy pretty quickly. Anaerobic breakdown of glucose is the main source of energy, especially when oxygen is not available. The lack of oxygen blocks the synthesis of ATP from the citric acid cycle. Instead, it facilitates the production
of ATP molecules through glycolysis as this metabolic pathway does not require oxygen. #9. Glycolysis Can Regulate Insulin Secretion and Decrease Glucose Levels in Blood According to the , glycolysis is critical for regulating insulin secretion along with numerous metabolic functions of the cells. Regulating insulin secretion is essential for glucose
molecules to enter different cells of your body. Without insulin, glucose molecules would remain in the bloodstream and this could lead to numerous complications, such as hyperglycemia. This is why glycolysis is essential for regulating insulin secretion, and therefore, decreasing glucose levels in the blood. #10. Glycolysis Is Used by Nearly all
Organisms As glycolysis does not require oxygen, it is used by both aerobic and anaerobic cells. Besides, nearly all living organisms from all three domains of life (archaea, bacteria, eukarya) perform glycolysis to obtain sufficient energy when needed. Undoubtedly, glycolysis is one of the earliest and most critical metabolic pathways to evolve.
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Guardian decided to publish an article with the title, “Want to fight climate change? Have...Read more Glycolysis is a vital metabolic pathway present in nearly all living organisms that involves the breakdown of glucose to generate energy as ATP. This ancient evolutionarily conserved process forms the foundation for both aerobic and anaerobic
respiration and serves as a key stage linking carbohydrate metabolism to fat and protein metabolism. Glycolysis The 10 Step Process of Glucose Metabolism Understanding the intricacies of glycolysis provides crucial insight into core biochemical pathways underlying cellular bioenergetics. This guide will explore the 10-step process of glycolysis,
outlining the enzymes and intermediates involved, regulation, energetics, and connection to downstream metabolic fates. Glycolysis is the metabolic breakdown of glucose into two molecules of pyruvate via a series of intermediate compounds. It occurs in the cytosol of cells and does not directly require oxygen. We can summarize the overall reaction
as: Glucose + 2 NAD+ + 2 ADP + 2 Pi — 2 Pyruvate + 2 NADH + 2 H+ + 2 ATP + 2 H20 While glycolysis yields only two ATP molecules per glucose, the two NADH generated carry electrons that drive oxidative phosphorylation to produce far more ATP when oxygen is available. Alternatively, NADH powers fermentation pathways. They regulate
glycolysis based on cellular energy demands and redirect intermediates into other biosynthetic pathways. As the first stage of cellular respiration, glycolysis primes glucose for further catabolism and provide precursors for anabolism. Glycolysis involves two distinct phases - the energy investment phase consumes ATP, and the energy generation
phase produces ATP and NADH. The first half of glycolysis requires energy input to convert glucose into more reactive phosphorylated intermediates. Step 1: Hexokinase transfers a phosphate from ATP to glucose, forming glucose-6-phosphate. This traps glucose inside the cell and destabilizes bonds to start the breakdown. Step 2: Phosphoglucose
isomerase rearranges glucose-6-phosphate into fructose-6-phosphate.. Step 3: A second ATP phosphorylate fructose-6-phosphate into fructose-1,6-bis phosphate via phosphofructokinase. This commits the intermediate into glycolysis. Step 4: The enzyme aldolase cleaves fructose-1,6-bis phosphate into dihydroxyacetone phosphate (DHAP) and
glyceraldehyde-3-phosphate (GAP). Step 5: Triose phosphate isomerase inter converts DHAP into GAP. The second half of glycolysis extracts ATP and high-energy electrons from phosphorylation of intermediates. Step 6: Glyceraldehyde-3-phosphate dehydrogenase catalyzes the oxidation of GAP to produce 1,3-bis phosphoglycerate and reduce NAD+
to NADH. Step 7: Phosphoglycerate kinase generates ATP by phosphorylating ADP, yielding 3-phosphoglycerate. Step 8: Phosphoglycerate mutase moves the phosphate group, forming 2-phosphoglycerate. Step 9: Enolase dehydrates 2-phosphoglycerate into phosphoenolpyruvate (PEP). Step 10: Pyruvate kinase transfers PEP’s phosphate to ADP,
forming a second ATP and pyruvate. 10 Steps of Glycolysis Every glucose molecule starts glycolysis by expending 2 ATP but yields 4 ATP, resulting in a net gain of 2 ATP per glucose. It also produced two NADH molecules, carrying high-energy electrons. Regulatory mechanisms control flux by regulating the irreversible steps - hexokinase,
phosphofructokinase, and pyruvate kinase. ATP inhibits phosphofructokinase when energy status is high to prevent waste of glucose. Fructose-2,6-bis phosphate overrides ATP inhibition of phosphofructokinase to stimulate glycolysis. Pyruvate and citrate show sufficient downstream capacity to process pyruvate, influencing the glycolytic rate.
Glycolysis interconnects with many other pathways through shared intermediates: Glucose-6-phosphate can enter the pentose phosphate pathway for NADPH and nucleotide synthesis. DHAP and GAP provide precursors for gluconeogenesis and the ** Calvin cycle**. 1,3-Bis phosphoglycerate has a non-glycolytic role in red blood cells. 3-
Phosphoglycerate is involved in serine synthesis. PEP takes part in the shikimate pathway generating aromatic amino acids. Pyruvate can enter the TCA cycle or contribute to amino acid synthesis. The ultimate fate of glycolytic end products depends on cellular oxygen availability: In aerobic cells, pyruvate and NADH enter mitochondria to fuel the
TCA cycle and electron transport chain generating far more ATP. In anaerobic cells lacking mitochondria, pyruvate undergoes fermentation to recycle NAD+ and continue glycolysis. These are present in muscles during intense activity. Common fermentation pathways include lactic acid fermentation in animals and alcoholic fermentation in
yeast/plants. Glycolysis is regulated tightly to meet metabolic demands. Defects in glycolytic enzymes or dysregulation manifest in certain diseases: Diabetes - Insufficient insulin leads to impaired glucose uptake and utilization by cells. Cancer - Malignant cells exhibit amplified glycolysis rates despite oxygen availability (Warburg effect). Genetic
disorders - Mutations in glycolytic enzyme-encoding genes underlie various metabolic diseases. Toxic accumulation of intermediates - Buildup of upstream metabolites inhibits glycolysis. Thus, proper glycolytic function is significant for maintaining energy homeostasis and health. A: Four ATP are produced but two are invested, resulting in a net gain
of two ATP per glucose through substrate-level phosphorylation in glycolysis. A: Glycolysis takes place in the cytosol of both prokaryotic and eukaryotic cells rather than within any organelle. A: The presence of glucose and a mechanism for glucose uptake and phosphorylation starts glycolysis. Hexokinase, or glucokinase, catalyze the first committed
step. A: Hexokinase, phosphofructokinase, and pyruvate kinase are the main regulatory enzymes modulated by energy status. ATP inhibits phosphofructokinase when ATP demand is low. A: In aerobic organisms, pyruvate enters mitochondria to fuel the TCA cycle. In anaerobic conditions, organisms convert pyruvate into compounds as lactate or
ethanol, through fermentation. A: As one of the most ancient metabolic pathways conserved across species, understanding glycolysis provides pivotal insight into core biochemical pathways and their evolution. Glycolysis, which translates to "splitting sugars", is the process of releasing energy within sugars. In glycolysis, a six-carbon sugar known as
glucose is split into two molecules of a three-carbon sugar called pyruvate. This multistep process yields two ATP molecules containing free energy, two pyruvate molecules, two high energy, electron-carrying molecules of NADH, and two molecules of water. Glycolysis is the process of breaking down glucose.Glycolysis can take place with or without
oxygen.Glycolysis produces two molecules of pyruvate, two molecules of ATP, two molecules of NADH, and two molecules of water.Glycolysis takes place in the cytoplasm.There are 10 enzymes involved in breaking down sugar. The 10 steps of glycolysis are organized by the order in which specific enzymes act upon the system. Glycolysis can occur
with or without oxygen. In the presence of oxygen, glycolysis is the first stage of cellular respiration. In the absence of oxygen, glycolysis allows cells to make small amounts of ATP through a process of fermentation. Glycolysis takes place in the cytosol of the cell's cytoplasm. A net of two ATP molecules are produced through glycolysis (two are used
during the process and four are produced.) Learn more about the 10 steps of glycolysis below. The enzyme hexokinase phosphorylates adds a phosphate group to glucose in a cell's cytoplasm. In the process, a phosphate group from ATP is transferred to glucose producing glucose 6-phosphate or G6P. One molecule of ATP is consumed during this
phase. The enzyme phosphoglucomutase isomerizes G6P into its isomer fructose 6-phosphate or F6P. Isomers have the same molecular formula as each other but different atomic arrangements. The kinase phosphofructokinase uses another ATP molecule to transfer a phosphate group to F6P in order to form fructose 1,6-bisphosphate or FBP. Two ATP
molecules have been used so far. The enzyme aldolase splits fructose 1,6-bisphosphate into a ketone and an aldehyde molecule. These sugars, dihydroxyacetone phosphate (DHAP) and glyceraldehyde 3-phosphate (GAP), are isomers of each other. The enzyme triose-phosphate isomerase rapidly converts DHAP into GAP (these isomers can inter-
convert). GAP is the substrate needed for the next step of glycolysis. The enzyme glyceraldehyde 3-phosphate dehydrogenase (GAPDH) serves two functions in this reaction. First, it dehydrogenates GAP by transferring one of its hydrogen (H*) molecules to the oxidizing agent nicotinamide adenine dinucleotide (NAD+*) to form NADH + H+. Next,
GAPDH adds a phosphate from the cytosol to the oxidized GAP to form 1,3-bisphosphoglycerate (BPG). Both molecules of GAP produced in the previous step undergo this process of dehydrogenation and phosphorylation. The enzyme phosphoglycerokinase transfers a phosphate from BPG to a molecule of ADP to form ATP. This happens to each
molecule of BPG. This reaction yields two 3-phosphoglycerate (3 PGA) molecules and two ATP molecules. The enzyme phosphoglyceromutase relocates the P of the two 3 PGA molecules from the third to the second carbon to form two 2-phosphoglycerate (2 PGA) molecules. The enzyme enolase removes a molecule of water from 2-phosphoglycerate to
form phosphoenolpyruvate (PEP). This happens for each molecule of 2 PGA from Step 8. The enzyme pyruvate kinase transfers a P from PEP to ADP to form pyruvate and ATP. This happens for each molecule of PEP. This reaction yields two molecules of pyruvate and two ATP molecules. Science, Tech, Math All Science, Tech, Math Humanities All
Humanities Languages All Languages Resources All Resources Glycolysis is the metabolic process that serves as the foundation for both aerobic and anaerobic cellular respiration. In glycolysis, glucose is converted into pyruvate. Glucose is a six- memebered ring molecule found in the blood and is usually a result of the breakdown of carbohydrates
into sugars. It enters cells through specific transporter proteins that move it from outside the cell into the cell’s cytosol. All of the glycolytic enzymes are found in the cytosol.The overall reaction of glycolysis which occurs in the cytoplasm is represented simply as:C6H1206 + 2 NAD+ + 2 ADP + 2 P —-> 2 pyruvic acid, (CH3(C=0)COOH + 2 ATP + 2
NADH + 2 H+The first step in glycolysis is the conversion of D-glucose into glucose-6-phosphate. The enzyme that catalyzes this reaction is hexokinase.Here, the glucose ring is phosphorylated. Phosphorylation is the process of adding a phosphate group to a molecule derived from ATP. As a result, at this point in glycolysis, 1 molecule of ATP has
been consumed.The reaction occurs with the help of the enzyme hexokinase, an enzyme that catalyzes the phosphorylation of many six-membered glucose-like ring structures. Atomic magnesium (Mg) is also involved to help shield the negative charges from the phosphate groups on the ATP molecule. The result of this phosphorylation is a molecule
called glucose-6-phosphate (G6P), thusly called because the 6" carbon of the glucose acquires the phosphate group.The second reaction of glycolysis is the rearrangement of glucose 6-phosphate (G6P) into fructose 6-phosphate (F6P) by glucose phosphate isomerase (Phosphoglucose Isomerase).The second step of glycolysis involves the conversion of
glucose-6-phosphate to fructose-6-phosphate (F6P). This reaction occurs with the help of the enzyme phosphoglucose isomerase (PI). As the name of the enzyme suggests, this reaction involves an isomerization reaction.The reaction involves the rearrangement of the carbon-oxygen bond to transform the six-membered ring into a five-membered ring.
To rearrangement takes place when the six-membered ring opens and then closes in such a way that the first carbon becomes now external to the ring.Phosphofructokinase, with magnesium as a cofactor, changes fructose 6-phosphate into fructose 1,6-bisphosphate.In the third step of glycolysis, fructose-6-phosphate is converted to fructose- 1,6-
bisphosphate (FBP). Similar to the reaction that occurs in step 1 of glycolysis, a second molecule of ATP provides the phosphate group that is added on to the F6P molecule.The enzyme that catalyzes this reaction is phosphofructokinase (PFK). As in step 1, a magnesium atom is involved to help shield negative charges.The enzyme Aldolase splits
fructose 1, 6-bisphosphate into two sugars that are isomers of each other. These two sugars are dihydroxyacetone phosphate (DHAP) and glyceraldehyde 3-phosphate (GAP).This step utilizes the enzyme aldolase, which catalyzes the cleavage of FBP to yield two 3-carbon molecules. One of these molecules is called glyceraldehyde-3-phosphate (GAP)
and the other is called dihydroxyacetone phosphate (DHAP).The enzyme triosephosphate isomerase rapidly inter- converts the molecules dihydroxyacetone phosphate (DHAP) and glyceraldehyde 3-phosphate (GAP). Glyceraldehyde phosphate is removed / used in next step of Glycolysis.GAP is the only molecule that continues in the glycolytic pathway.
As a result, all of the DHAP molecules produced are further acted on by the enzyme Triosephosphate isomerase (TIM), which reorganizes the DHAP into GAP so it can continue in glycolysis. At this point in the glycolytic pathway, we have two 3-carbon molecules, but have not yet fully converted glucose into pyruvate.Glyceraldehyde-3-phosphate
dehydrogenase (GAPDH) dehydrogenates and adds an inorganic phosphate to glyceraldehyde 3-phosphate, producing 1,3-bisphosphoglycerate.In this step, two main events take place: 1) glyceraldehyde-3-phosphate is oxidized by the coenzyme nicotinamide adenine dinucleotide (NAD); 2) the molecule is phosphorylated by the addition of a free
phosphate group. The enzyme that catalyzes this reaction is glyceraldehyde-3-phosphate dehydrogenase (GAPDH).The enzyme GAPDH contains appropriate structures and holds the molecule in a conformation such that it allows the NAD molecule to pull a hydrogen off the GAP, converting the NAD to NADH. The phosphate group then attacks the
GAP molecule and releases it from the enzyme to yield 1,3 bisphoglycerate, NADH, and a hydrogen atom.Phosphoglycerate kinase transfers a phosphate group from 1,3-bisphosphoglycerate to ADP to form ATP and 3-phosphoglycerate.In this step, 1,3 bisphoglycerate is converted to 3-phosphoglycerate by the enzyme phosphoglycerate kinase (PGK).
This reaction involves the loss of a phosphate group from the starting material. The phosphate is transferred to a molecule of ADP that yields our first molecule of ATP. Since we actually have two molecules of 1,3 bisphoglycerate (because there were two 3-carbon products from stage 1 of glycolysis), we actually synthesize two molecules of ATP at this
step. With this synthesis of ATP, we have cancelled the first two molecules of ATP that we used, leaving us with a net of 0 ATP molecules up to this stage of glycolysis.Again, we see that an atom of magnesium is involved to shield the negative charges on the phosphate groups of the ATP molecule.The enzyme phosphoglycero mutase relocates the P
from 3- phosphoglycerate from the 3rd carbon to the 2nd carbon to form 2-phosphoglycerate.This step involves a simple rearrangement of the position of the phosphate group on the 3 phosphoglycerate molecule, making it 2 phosphoglycerate. The molecule responsible for catalyzing this reaction is called phosphoglycerate mutase (PGM). A mutase is
an enzyme that catalyzes the transfer of a functional group from one position on a molecule to another.The reaction mechanism proceeds by first adding an additional phosphate group to the 2" position of the 3 phosphoglycerate. The enzyme then removes the phosphate from the 3" position leaving just the 2" phosphate, and thus yielding 2
phsophoglycerate. In this way, the enzyme is also restored to its original, phosphorylated state.The enzyme enolase removes a molecule of water from 2-phosphoglycerate to form phosphoenolpyruvic acid (PEP).This step involves the conversion of 2 phosphoglycerate to phosphoenolpyruvate (PEP). The reaction is catalyzed by the enzyme enolase.
Enolase works by removing a water group, or dehydrating the 2 phosphoglycerate. The specificity of the enzyme pocket allows for the reaction to occur through a series of steps too complicated to cover here.The enzyme pyruvate kinase transfers a P from phosphoenolpyruvate (PEP) to ADP to form pyruvic acid and ATP Result in step 10.The final step
of glycolysis converts phosphoenolpyruvate into pyruvate with the help of the enzyme pyruvate kinase. As the enzyme’s name suggests, this reaction involves the transfer of a phosphate group. The phosphate group attached to the 2’ carbon of the PEP is transferred to a molecule of ADP, yielding ATP. Again, since there are two molecules of PEP, here
we actually generate 2 ATP molecules.Steps 1 and 3 = - 2ATPSteps 7 and 10 = + 4 ATPNet “visible” ATP produced = 2.Immediately upon finishing glycolysis, the cell must continue respiration in either an aerobic or anaerobic direction; this choice is made based on the circumstances of the particular cell. A cell that can perform aerobic respiration
and which finds itself in the presence of oxygen will continue on to the aerobic citric acid cycle in the mitochondria. If a cell able to perform aerobic respiration is in a situation where there is no oxygen (such as muscles under extreme exertion), it will move into a type of anaerobic respiration called homolactic fermentation. Some cells such as yeast
are unable to carry out aerobic respiration and will automatically move into a type of anaerobic respiration called alcoholic fermentation.Similar Posts:Krebs (Citric Acid) Cycle Steps by Steps ExplanationPyruvate Broth Test - Principle, Procedure, Uses and InterpretationPYR Test- Principle, Uses, Procedure and Result InterpretationAntibiotics:
Comprehensive Guide Glycolysis is a 10 step process that releases energy from glucose and converts glucose into pyruvate. These reactions take place in the cytosol of cells and can happen in the presence or absence of oxygen. During glycolysis, a single molecule of glucose is used to produce a net two molecules of pyruvate, two molecules of ATP,
and two molecules of NADH. The pyruvate may then be used in aerobic respiration or, in the absence of oxygen, anaerobic respiration. The 10 steps of glycolysis can be divided into two parts. These are the energy-requiring phase (steps 1 - 5) and the energy-releasing phase (steps 6 - 10). Glycolysis converts glucose to pyruvate What is Glycolysis?
Glycolysis (AKA the glycolytic pathway) is the metabolic process that releases energy from glucose. During glycolysis, a single molecule of glucose is split into two 3-carbon molecules, called pyruvates. At the same time, energy is extracted from glucose and converted into ATP, which is then used to fuel other cellular processes. Glycolysis takes place
in the cytosol of cells, can happen with or without oxygen, and involves a series of 10 chemical reactions. The 10 Steps of Glycolysis There are 10 steps of glycolysis, each involving a different enzyme. Steps 1 - 5 make up the energy-requiring phase of glycolysis and use up two molecules of ATP. Steps 6 - 10 are the energy-releasing phase, which
produces four molecules of ATP and two molecules of NADPH. The net products of glycolysis are two molecules of pyruvate, two molecules are ATP, and two molecules of NADPH. ATP is produced by glycolysis The Energy-Requiring Phase of Glycolysis During the energy-requiring phase of glycolysis, two ATP molecules are used to split one molecule
of glucose into two molecules of glyceraldehyde-3-phosphate. Step 1 In the first step of glycolysis, a phosphate group is transferred from ATP to glucose, creating glucose-6-phosphate. This reaction is called phosphorylation and is catalyzed by the enzyme hexokinase. Step 1 of glycolysis uses one molecule of ATP. Step 2 During step two of glycolysis,
glucose-6-phosphate is converted into fructose-6-phosphate by the enzyme phosphoglucomutase. Fructose-6-phosphate is an isomer of glucose-6-phosphate. Step 3 A second ATP molecule is used to phosphorylate fructose-6-phosphate, producing fructose-1,6-bisphosphate. This step is catalyzed by phosphofructokinase. Step 4 The enzyme aldolase
splits fructose-1,6-bisphosphate into two three-carbon sugars. These are dihydroxyacetone phosphate (DHAP) and glyceraldehyde-3-phosphate (GAP). These two sugars are isomers of one another. Dihydroxyacetone phosphate (DHAP) Step 5 The DHAP from step 6 is rapidly converted into GAP by the enzyme triose-phosphate isomerase. The Energy-
Releasing Phase of Glycolysis During the energy-releasing phase of glycolysis, the two molecules of GAP produced in the first 5 steps are converted into pyruvate. This process produced four molecules of ATP and two molecules of NADPH. Step 6 The enzyme glyceraldehyde 3-phosphate dehydrogenase (GAPDH) catalyzes two processes at once. First,
it oxidizes GAP. At the same time, NAD+ is reduced to NADH and H+. The overall reaction releases energy, which is used to phosphorylate GAP and creates two 1,3-bisphosphoglycerate (BPG) molecules. Step 7 Each of the two BPG molecules produced in step 6 donates a phosphate group to an ADP molecule, forming two molecules of ATP and two
molecules of 3-phosphoglycerate (3 PGA). This reaction is catalyzed by the enzyme phosphoglycerate kinase. 3-phosphoglycerate (3 PGA) Step 8 Phosphoglyceromutase converts the two 3 PGA molecules into 2-phosphoglycerate molecules (2 PGA). 3 PGA and 2 PGA are isomers of one another. Step 9 The enzyme enolase removes a water molecule
from each of the 2 PGA molecules formed in step 8. This creates two molecules of phosphoenolpyruvate (PEP). Step 10 A phosphate group is transferred from PEP to ADP. This reaction is catalyzed by pyruvate kinase and creates two molecules of ATP and two molecules of pyruvate. Products of Glycolysis The net products of glycolysis are two
molecules of ATP, two molecules of pyruvate, and two molecules of NADH. If oxygen is present, the pyruvate can now be used in aerobic respiration. In the absence of oxygen, the pyruvate is used in anaerobic respiration. Both of these processes produce ATP, but aerobic respiration produces many more molecules of ATP than anaerobic respiration.
Pyruvate is used in aerobic respiration The ATP produced by glycolysis is used to fuel all other cellular processes, and the NADH is recycled back to NAD+ for use in future rounds of glycolysis. “Glycolysis is the metabolic process that converts glucose into pyruvic acid.” Glycolysis is the process in which glucose is broken down to produce energy. It
produces two molecules of pyruvate, ATP, NADH and water. The process takes place in the cytoplasm of a cell and does not require oxygen. It occurs in both aerobic and anaerobic organisms. Glycolysis is the primary step of cellular respiration, which occurs in all organisms. Glycolysis is followed by the Krebs cycle during aerobic respiration. In the
absence of oxygen, the cells make small amounts of ATP as glycolysis is followed by fermentation. This metabolic pathway was discovered by three German biochemists- Gustav Embden, Otto Meyerhof, and Jakub Karol Parnas in the early 19th century and is known as the EMP pathway (Embden-Meyerhof-Parnas). Also Read: TCA cycle Glycolysis
Pathway The glycolysis pathway occurs in the following stages: Stage 1 A phosphate group is added to glucose in the cell cytoplasm, by the action of enzyme hexokinase. In this, a phosphate group is transferred from ATP to glucose forming glucose,6-phosphate. Stage 2 Glucose-6-phosphate is isomerised into fructose,6-phosphate by the enzyme
phosphoglucomutase. Stage 3 The other ATP molecule transfers a phosphate group to fructose 6-phosphate and converts it into fructose 1,6-bisphosphate by the action of the enzyme phosphofructokinase. Stage 4 The enzyme aldolase converts fructose 1,6-bisphosphate into glyceraldehyde 3-phosphate and dihydroxyacetone phosphate, which are
isomers of each other. Step 5 Triose-phosphate isomerase converts dihydroxyacetone phosphate into glyceraldehyde 3-phosphate which is the substrate in the successive step of glycolysis. Step 6 This step undergoes two reactions: The enzyme glyceraldehyde 3-phosphate dehydrogenase transfers 1 hydrogen molecule from glyceraldehyde phosphate
to nicotinamide adenine dinucleotide to form NADH + H+. Glyceraldehyde 3-phosphate dehydrogenase adds a phosphate to the oxidised glyceraldehyde phosphate to form 1,3-bisphosphoglycerate. Step 7 Phosphate is transferred from 1,3-bisphosphoglycerate to ADP to form ATP with the help of phosphoglycerokinase. Thus two molecules of
phosphoglycerate and ATP are obtained at the end of this reaction. Step 8 The phosphate of both the phosphoglycerate molecules is relocated from the third to the second carbon to yield two molecules of 2-phosphoglycerate by the enzyme phosphoglyceromutase. Step 9 The enzyme enolase removes a water molecule from 2-phosphoglycerate to form
phosphoenolpyruvate. Step 10 A phosphate from phosphoenolpyruvate is transferred to ADP to form pyruvate and ATP by the action of pyruvate kinase. Two molecules of pyruvate and ATP are obtained as the end products. Key Points of Glycolysis It is the process in which a glucose molecule is broken down into two molecules of pyruvate. The
process takes place in the cytoplasm of plant and animal cells. Six enzymes are involved in the process. The end products of the reaction include 2 pyruvate, 2 ATP and 2 NADH molecules. Also Read: Difference between Glycolysis and Kreb’s cycle To know more about glycolysis, its definition and the glycolysis pathway, keep visiting BYJU’S website.
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