
Glycolysis 

Energy investment stage 

Reaction 1 – the first priming reaction 

𝐺𝑙𝑢𝑐𝑜𝑠𝑒 + 𝐴𝑇𝑃
ℎ𝑒𝑥𝑜𝑘𝑖𝑛𝑎𝑠𝑒/𝑔𝑙𝑢𝑐𝑜𝑘𝑖𝑛𝑎𝑠𝑒
→                   𝐺𝑙𝑢𝑐𝑜𝑠𝑒 − 6 − 𝑝ℎ𝑜𝑠𝑝ℎ𝑎𝑡𝑒 + 𝐴𝐷𝑃 

A glucose molecule is taken and a phosphate atom is added to it. The phosphate keeps the glucose 

molecule within the cell, as glucose is passively transported in via Glu transporters, along its 

concentration gradient. As a phosphate is added onto the glucose molecule, the overall molecules is 

no longer glucose, hence decreasing the glucose concentration within the cell, maintaining its 

concentration gradient and allowing for glucose to continue being pumped into the cell by the Glu 

transporters. This adding of phosphate is carried out by one of two possible enzymes; hexokinase 

can be found within all cells however glucokinase can only be 

found in the liver. 

Hexokinase is allosterically inhibited by Glucose-6-Phosphate. 

This means that a buildup of Glucose-6-Phosphate decreases 

the activity of the enzyme. This is done so that there is no 

blockage further down the pathway due to Glucose-6-

Phosphate. Cells typically have 4mM of hexokinase, which has a 

Km(glucose) of 0.1mM. Hexokinase can also be found in various 

isoforms. Glucokinase is found in the liver only, with a Km(glucose) 

of 10mM, much higher than that of hexokinase. Therefore it 

only catalyses reactions what glucose levels in the liver are high, 

ie. When you have consumed a lot of glucose. It is because of 

this that the Glucose-6-phosphate produced using glucokinase, 

does not usually proceed through the glycolysis pathway, but is 

instead stored as glycogen. Unlike hexokinase, glucokinase is 

not allosterically regulated. Also note that the expression levels 

of glucokinase are controlled by insulin e.g. in a diabetic with 

low insulin levels, that individual will also have low glucokinase 

levels and have low levels of glycogen in the liver. 

Note that Glucose-6-Phosphate is a key junction point in 

metabolism. 

 

Reaction 2 – the second priming reaction 

𝐺𝑙𝑢𝑐𝑜𝑠𝑒 − 6 − 𝑃ℎ𝑜𝑠𝑝ℎ𝑎𝑡𝑒
𝑝ℎ𝑜𝑠𝑝ℎ𝑜𝑔𝑙𝑢𝑐𝑜𝑖𝑠𝑜𝑚𝑒𝑟𝑎𝑠𝑒
→                   𝐹𝑟𝑢𝑐𝑡𝑜𝑠𝑒 − 6 − 𝑃ℎ𝑜𝑠𝑝ℎ𝑎𝑡𝑒 

Phosphoglucoisomerase (also known as phosphohexoseisomerase) moves the bonds allowing the 

next step, the splitting of the molecule, to occur more easily. 

Reaction 3 

𝐹𝑟𝑢𝑐𝑡𝑜𝑠𝑒 − 6 − 𝑃ℎ𝑜𝑠𝑝ℎ𝑎𝑡𝑒 + 𝐴𝑇𝑃
𝑃ℎ𝑜𝑠𝑝𝑜𝑓𝑟𝑢𝑐𝑡𝑜𝑘𝑖𝑛𝑎𝑠𝑒
→                𝐹𝑟𝑢𝑐𝑡𝑜𝑠𝑒 − 1,6 − 𝑏𝑖𝑠𝑝ℎ𝑜𝑠𝑝ℎ𝑎𝑡𝑒 + 𝐴𝐷𝑃  

Glut Transporters 

Glut 1 – Present in all cells 

especially red blood cells and the 

brain. Increases with the glucose 

concentration 

Glut 2 – mostly in the liver, high 

capacity, therefore fast, low 

affinity (5mM) 

Glut 3 – mostly in neurons and 

placenta. High affinity. 

Glut 4 – in muscles, adipose tissue 

and in intra-cellular vesicles. 

Fuses to membrane when glucose 

concentration is high, in response 

to insulin 

Glut 5 – transports fructose in 

small intestines 



This is the second energy utilisation step and a major control reaction in glycolysis. Fructose-1,6-

bisphosphate commits the cell to metabolising glucose, not storing it or converting it to another 

sugar. 

Phosphofructokinase is: 

- inhibited by ATP  

- inhibited by citrate 

- activated by AMP 

- activated by fructose-2,6-bisphosphate 

The cell can regulate glycolysis by measuring the amount of energy in the form of ATP and AMP. Rich 

in ATP => rich in energy and rich in AMP=>energy poor.  

Phosphofructokinase2 is a bifunctional enzyme. It can be converted to phosphofructokinase by 

adding an inorganic phosphate group or converted to fructose-2,6-phosphofructokinase. PFK2 

synthesises fructose-2,6-bisphosphate which activates phosphofructokinase, increasing the affinity 

of the enzyme for fructose-6-phosphate. The kinase activity is activated by insulin and the 

phosphatase activity is activated by glucagon. 

Reaction 4 – the last step in the energy investment phase 

𝐷𝑖ℎ𝑦𝑑𝑜𝑥𝑦𝑎𝑐𝑒𝑡𝑜𝑛𝑒 𝑝ℎ𝑜𝑠𝑝ℎ𝑎𝑡𝑒 
𝑡𝑟𝑖𝑜𝑠𝑒 𝑝ℎ𝑜𝑠𝑝ℎ𝑎𝑡𝑒 𝑖𝑠𝑜𝑚𝑒𝑟𝑎𝑠𝑒
→                       𝐺𝑙𝑦𝑐𝑒𝑟𝑎𝑙𝑑𝑒ℎ𝑦𝑑𝑒 − 3 − 𝑝ℎ𝑜𝑠𝑝ℎ𝑎𝑡𝑒 

Makes the first 3 carbons of glucose, the same as the last three, so that both three carbon sugars can 

proceed in the same pathway. 

Reaction 5 – the oxidation at glyceraldehyde-3-phosphate => breaking even 

𝐺𝑙𝑦𝑐𝑒𝑟𝑎𝑙𝑑𝑒ℎ𝑦𝑑𝑒 − 3 − 𝑝ℎ𝑜𝑠𝑝ℎ𝑎𝑡𝑒 + 𝑁𝐴𝐷+ + 𝑃𝑖
𝐺𝑙𝑦𝑐𝑒𝑟𝑎𝑙𝑑𝑒ℎ𝑦𝑑𝑒−3−𝑝ℎ𝑜𝑠𝑝ℎ𝑎𝑡𝑒 𝑑𝑒ℎ𝑦𝑑𝑟𝑜𝑔𝑒𝑛𝑎𝑠𝑒
→                                      1,3 − 𝑏𝑖𝑠𝑝ℎ𝑜𝑠𝑝ℎ𝑜𝑔𝑙𝑦𝑐𝑒𝑟𝑎𝑡𝑒 + 𝑁𝐴𝐷𝐻 + 𝐻+ + 𝐴𝑇𝑃 

1,3 − 𝑏𝑖𝑠𝑝ℎ𝑜𝑠𝑝ℎ𝑜𝑔𝑙𝑦𝑒𝑟𝑎𝑡𝑒 + 𝐴𝐷𝑃 
3−𝑝ℎ𝑜𝑠𝑝ℎ𝑜𝑔𝑙𝑦𝑒𝑟𝑎𝑡𝑒 𝑘𝑖𝑛𝑎𝑠𝑒
→                     3 − 𝑝ℎ𝑜𝑠𝑝ℎ𝑜𝑔𝑙𝑦𝑐𝑒𝑟𝑎𝑡𝑒 + 𝐴𝑇𝑃 

The oxidation of glyceraldehyde-3-phosphate provides enough energy to reduce NAD and for a high 

energy phosphate bond (this is the stage at which arsenic poisoning occurs). The inorganic 

phosphate can be transferred to ADP, this is known as substrate level phosphorylation. At the end of 

this stage, we have now broken even in terms of energy, as two molecules of ATP, one for each 

molecule, has been generated. 

Reaction 6 – moving the phosphate group 

3 − 𝑝ℎ𝑜𝑠𝑝ℎ𝑜𝑔𝑙𝑦𝑐𝑒𝑟𝑎𝑡𝑒
𝑝ℎ𝑜𝑠𝑝ℎ𝑜𝑔𝑙𝑦𝑒𝑟𝑎𝑡𝑒 𝑚𝑢𝑡𝑎𝑠𝑒
→                    2 − 𝑝ℎ𝑜𝑠𝑝ℎ𝑜𝑔𝑙𝑦𝑐𝑒𝑟𝑎𝑡𝑒 

Reaction 7 

2 − 𝑝ℎ𝑜𝑠𝑝ℎ𝑜𝑔𝑙𝑦𝑐𝑒𝑟𝑎𝑡𝑒
𝐸𝑛𝑜𝑙𝑎𝑠𝑒
→     𝑝ℎ𝑜𝑠𝑝ℎ𝑜𝑒𝑛𝑜𝑙𝑝𝑦𝑟𝑢𝑣𝑎𝑡𝑒 

This step rearranges the sugar to make it easier to release the potential energy of the phosphate 

group. 

Reaction 8 – the second energy generation step 

𝑃ℎ𝑜𝑠𝑝ℎ𝑜𝑒𝑛𝑜𝑙𝑝𝑦𝑟𝑢𝑣𝑎𝑡𝑒 + 𝐻+ + 𝐴𝐷𝑃3−
𝑃𝑦𝑟𝑢𝑣𝑎𝑡𝑒 𝐾𝑖𝑛𝑎𝑠𝑒
→             𝑃𝑦𝑟𝑢𝑣𝑎𝑡𝑒 + 𝐴𝑇𝑃 



Pyruvate kinase is: 

-activated by AMP  

- activated by fructose-1,6- bisphosphate 

- inhibited by ATP 

- inhibited by Acetyl Co-A  

- inhibited by alanine 

Pyruvate kinase in the liver is also controlled by hormones such as glucagon 

Galactose and Fructose Metabolism and Gluconeogenesis 

There are only three dietary sugars that can be digested and absorbed into the 

bloodstream. There are Glucose, Galactose and Fructose. 

Fructose 

Fun fact! The energy from the breakdown of fructose is used to propel sperm 

Metabolism in the liver 

𝐹𝑟𝑢𝑐𝑡𝑜𝑠𝑒 + 𝐴𝑇𝑃
𝑓𝑟𝑢𝑐𝑡𝑜𝑘𝑖𝑛𝑎𝑠𝑒
→          𝐹𝑟𝑢𝑐𝑡𝑜𝑠𝑒 − 1 − 𝑃ℎ𝑜𝑠𝑝ℎ𝑎𝑡𝑒 

𝐹𝑟𝑢𝑐𝑡𝑜𝑠𝑒 − 1 − 𝑃ℎ𝑜𝑠𝑝ℎ𝑎𝑡𝑒
𝐹𝑟𝑢𝑐𝑡𝑜𝑠𝑒−1−𝑝ℎ𝑜𝑠𝑝ℎ𝑎𝑡𝑒 𝑎𝑙𝑑𝑜𝑙𝑎𝑠𝑒
→                         𝐺𝑙𝑦𝑐𝑒𝑟𝑎𝑙𝑑𝑒ℎ𝑦𝑑𝑒 + 𝑑𝑖ℎ𝑦𝑑𝑟𝑜𝑥𝑦𝑎𝑐𝑒𝑡𝑜𝑛𝑒 𝑝ℎ𝑜𝑠𝑝ℎ𝑎𝑡𝑒 

This is a cleavage reaction. Note that glyceraldehyde does not have a phosphate attached. 

𝐺𝑙𝑦𝑐𝑒𝑟𝑎𝑙𝑑𝑒ℎ𝑦𝑑𝑒+ 𝑑ℎ𝑦𝑑𝑟𝑜𝑥𝑦𝑎𝑐𝑒𝑡𝑜𝑛𝑒 𝑝ℎ𝑜𝑠𝑝ℎ𝑎𝑡𝑒 + 𝐴𝑇𝑃
𝑇𝑟𝑖𝑜𝑠𝑒 𝐾𝑖𝑛𝑎𝑠𝑒
→          𝐺𝑙𝑦𝑐𝑒𝑟𝑎𝑙𝑑𝑒ℎ𝑦𝑑𝑒− 3 − 𝑝ℎ𝑜𝑠𝑝ℎ𝑎𝑡𝑒 + 𝐴𝐷𝑃 

Fun fact! Fructose is said to be the sweetest of the sugars, and lactose, the least sweet of the sugars. 

Gluconeogenesis 

Gluconeogenesis is basically the synthesis of 

glucose. It is crucial that organisms have this 

ability.  

Humans consume approximately 160grams of 

glucose per day, 75% of which is used up by the 

brain. Blood holds 20grams and glycogen 

180grams, hence the body has 1 day’s supply of 

glucose.  

Under high energy demands, muscles generate 

large quantities of pyruvate and lactate which 

must be reconverted to glucose. Gluconeogenesis 

occurs mainly in the liver and kidneys, and can occur from any compound that is capable of being 

converted to pyruvate such as lactate and amino acids. Humans cannot convert lipids to pyruvate 

however plants and bacteria can. 

Why isn’t gluconeogenesis just the reverse of glycolysis? 

None of the three key reactions (hexokinase/glucokinase, phosphofructokinase and pyruvate kinase) 

can proceed in the opposite direction and these are the three key reactions that regulate glycolysis. 

Also because the balance between gluconeogenesis and glycolysis needs to be regulated; when one 

Lactose Intolerance 

Lactose is required during early human 

development as galactose is needed of the 

synthesis of gangliosides in the brain. 

Lactase is the only human enzyme that can 

cleave a β-glycosidic linkage. Lactase activity 

peaks after birth and then declines by the time 

a child is 3-5 years old. 
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is active the other needs to be inactive. To do this, there are a number of reactions that are unique 

to each pathway, allowing for separate control. Of the 10 reactions in glycolysis, 7 are shared with 

gluconeogenesis. Finally, in order to generate glucose, we have to invest energy (gluconeogenesis 

uses 6 molecules of ATP). 

Reaction 1 

𝑃𝑦𝑟𝑢𝑣𝑎𝑡𝑒 + 𝑏𝑖𝑐𝑎𝑟𝑏𝑜𝑛𝑎𝑡𝑒 𝑖𝑜𝑛 + 𝐴𝑇𝑃
𝑃𝑦𝑟𝑢𝑣𝑎𝑡𝑒 𝐶𝑎𝑟𝑏𝑜𝑥𝑦𝑙𝑎𝑠𝑒
→                 𝑂𝑥𝑎𝑙𝑜𝑎𝑐𝑒𝑡𝑎𝑡𝑒 + 𝐴𝐷𝑃 + 𝑃𝑖 

This reaction uses only one molecule of ATP. As with Pyruvate kinase, the enzyme that carries out 

the reverse reaction, this reaction is also tightly controlled.  

Pyruvate enters the mitochondria, and pyruvate carboxylase generates oxaloacetate. 

Phosphoenolpyruvate can be in either the mitochondria or the cytosol. 

Reaction 2  

𝑂𝑥𝑎𝑙𝑜𝑎𝑐𝑒𝑡𝑎𝑡𝑒 + 𝐺𝑇𝑃
𝑃ℎ𝑜𝑠𝑝ℎ𝑜𝑒𝑛𝑜𝑙𝑝𝑦𝑟𝑢𝑣𝑎𝑡𝑒 𝑐𝑎𝑟𝑏𝑜𝑥𝑦𝑘𝑖𝑛𝑎𝑠𝑒
→                              𝑃ℎ𝑜𝑠𝑝ℎ𝑜𝑒𝑛𝑜𝑙𝑝𝑦𝑟𝑢𝑣𝑎𝑡𝑒 + 𝐺𝐷𝑃 + 𝐶𝑂2 

This reaction requires a lot of energy, which is provided in 2 ways; the carbon dioxide that was 

added to the pyruvate, is removed, which is a favourable reaction. The energy is used in the form of 

GTP (Glyceraldehydetriphosphate????? Defs check) 

Reaction 3 

𝐹𝑟𝑢𝑐𝑡𝑢𝑠𝑒 − 1,6 − 𝑏𝑖𝑠𝑝ℎ𝑜𝑠𝑝ℎ𝑎𝑡𝑒 + 𝐻2𝑂
𝑓𝑟𝑢𝑐𝑡𝑜𝑠𝑒−1,6−𝑏𝑖𝑠𝑝ℎ𝑜𝑠𝑝ℎ𝑎𝑡𝑎𝑠𝑒
→                       𝐹𝑟𝑢𝑐𝑡𝑜𝑠𝑒 − 6 − 𝑝ℎ𝑜𝑠𝑝ℎ𝑎𝑡𝑒 + 𝑃𝑖 

This is the opposite of the reaction that is done by phosphofructokinase in glycolysis. It is an 

economical reaction as an inorganic phosphate molecule is produced however energy is not.  

This reaction is activated by citrate and inhibited by AMP. 

Reaction 4 

𝐺𝑙𝑢𝑐𝑜𝑠𝑒 − 6 − 𝑝ℎ𝑜𝑠𝑝ℎ𝑎𝑡𝑒
𝑔𝑙𝑢𝑐𝑜𝑠𝑒−6−𝑝ℎ𝑜𝑠𝑝ℎ𝑎𝑡𝑎𝑠𝑒
→                   𝐺𝑙𝑢𝑐𝑜𝑠𝑒 +𝑃𝑖 

The glycolysis equivalent to this reactions, is the one carried out by hexokinase and glucokinase. 

Note that Glucose-6-phosphatase is only present in the liver and the kidneys, attached to the 

membrane of the endoplasmic reticulum 

OVERALL GLUCONEOGENESIS REACTION: 

2𝑃𝑦𝑟𝑢𝑣𝑎𝑡𝑒 + 4𝐴𝑇𝑃 + 2𝐺𝑇𝑃 + 2𝑁𝐴𝐷𝐻 + 2𝐻+ + 2𝐻2𝑂→ 𝐺𝑙𝑢𝑐𝑜𝑠𝑒 + 4𝐴𝐷𝑃 + 2𝐺𝐷𝑃 + 6𝑃𝑖 + 2𝑁𝐴𝐷
+ 

OVERALL GLYCOLYSIS REACTION: 

𝐺𝑙𝑢𝑐𝑜𝑠𝑒 + 2𝐴𝐷𝑃 + 2𝑃𝑖 + 2𝑁𝐴𝐷
+ → 2𝑃𝑦𝑟𝑢𝑣𝑎𝑡𝑒 + 2𝐴𝑇𝑃 + 2𝐻+ + 2𝐻2𝑂 + 2𝑁𝐴𝐷𝐻 

 

Under anaerobic conditions, oxidative phosphorylation slows down and lactic acid fermentation 

occurs. This may lead to lactic acid build up within the muscles and the regeneration of NAD+. 

Lactate produced is then transported to the liver, where it may be converted to glucose via 

gluconeogenesis. Most of the energy from glucose breakdown in synthesised by oxidative 

phosphorylation. Lactic acid results in a decrease in the amount of energy derived from glucose 



breakdown. In the end, there are 2ATP molecules produced per glucose molecule broken down; 

usually 30ATP in total. There may also be a lot of lactate dehydrogenase in the muscles and liver. 

The Cori Cycle 

“The muscle goes, ‘bugger this!’, and palms it off to someone else.”- Bill  

This is when the lactate in the muscles is recycled to glucose in the liver. As a result, the 

concentration of enzymes in the liver is about 20-50 times higher than that of the muscles.  

During starvation 

During starvation, to source pyruvate, the body breaks down muscle protein. This process is initiated 

by the stress hormone, cortisol. Alanine is a major amino acid that is used in the synthesis of 

pyruvate. Several other amino acids can be broken down to TCA components and then oxaloacetate, 

converted to pyruvate and then alanine. The muscles will be using ketone bodies and fats to 

generate acetyl CoA. 

 

 

TAG hydrolysis 

This process occurs in the liver and is carries out by glycerol kinase 

 



 

There is reciprocal regulation of gluconeogenesis and glycolysis; if a cell already has lots of energy, 

glycolysis is turned off and gluconeogenesis is turned on. On the other hand, when a cell has not 

much energy to begin with, glycolysis is turned on and gluconeogenesis is turned off. 

Hormonal control 

The hormones, insulin, glucagon, epinephrine and glucocorticoids are involved. Insulin is the primary 

hormone involved in the conversion of glucose to glycogen and stimulates glycogen synthesis. 

Insulin is secreted in response to high blood glucose levels. 

Glucagon is released in response to low blood glucose levels. It acts in the liver for long term control 

of glucose levels, activating glycogen phosphorylase which in turn breaks down glycogen. Glucagon 

inhibits glycogen synthase. 

Epinephrine (adrenaline) acts on both the liver and the muscles for short term control of glucose. 

This activates glycogen phosphorylase, breaking down glycogen. Epinephrine also inhibits glycogen 

synthase. 

 


