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[bookmark: _GoBack]The Role of B vitamins in Carbohydrate Metabolism.

Carbohydrates are consumed and broken down to glucose molecules during digestion. Glucose is a fuel providing the body energy in the form of adenosine triphosphate (ATP), however, ATP is only released from carbohydrates after a series of metabolic reactions within the metabolic pathways Glycolysis, Krebs cycle and Electron transfer. B-vitamins act as coenzyme to help catalyse reactions within carbohydrate metabolism and play an important role in generating ATP from glucose (Lewis, 1997).

During Glycolysis, glucose is phosphorylated to glucose-6-phosphate using a phosphate from ATP and additionally is isomerized into fructose-6-phosphate. Next the molecules 1st carbon is also phosphorylated using ATP becoming fructose 1,6 bisphosphate and divides into 2 separate products, both with 3 carbons and 1 phosphate molecule. One product is called Glyceraldehyde-3-Phosphate (GA3P) and the other is isomerized to become GA3P so the following reactions happen twice (Harvey & Ferrier, 2011).  The coenzyme Nicotinamide adenine dinucleotide (NAD+), synthesised by the B vitamin Niacin, takes hydrides from the 3rd carbon on GA3P and is reduced to NADH. The B vitamin facilitates the conversion of GA3P to the next molecule by accepting electrons. The enzyme that catalysed this reaction also adds a phosphate to each reaction, which is used by adenosine di-phosphate (ADP) to create ATP (Harvey & Ferrier, 2011).  The molecule is isomerized to produce phosphoenolpyruvate (PEP) however, phosphate from PEP is then used to convert ADP to ATP again, so the new molecule is now pyruvate. In aerobic conditions in the mitochondria, Pyruvate is decarboxylated releasing carbon to oxygen in the air and producing CO2; this is catalysed by an enzyme which requires help from coenzyme thiamine pyrophosphate (TPP), the active form of the B vitamin Thiamin (Harvey & Ferrier, 2011).  Pyruvate also loses hydrides to NAD+ reducing it to NADH, but gains a coenzyme A, produced from the B vitamin Pantothenic Acid, to become Acetyl-CoA (Depeint et al. 2006).

Biotin-dependant Pyruvate Carboxylases catalyse the carboxylation of pyruvate into oxaloacetate, a molecule that binds to Acetyl-CoA to produce Citrate and start the Krebs Cycle (Lombard and Moreira, 2011).  The Krebs cycle is displayed in figure 1.
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Figure 1 - The Krebs Cycle (Kumari, 2018).

Figure 1 illustrates that reactions catalysed by a dehydrogenase enzyme, like isocitrate dehydrogenase, have lost hydrides that then usually reduce NAD+ to NADH; NAD+ derived from niacin is required as an electron acceptor (Lewis, 1997). However, in the reaction converting Succinate to Fumarate, catalysed by succinate dehydrogenase, another coenzyme FAD (flavin adenosine dinucleotide), derived from the B vitamin Riboflavin, is reduced to FADH2, accepting the hydrides instead of NAD+ (Lewis, 1997). Likewise, other reactions also require coenzymes, for example TPP synthesized from thiamine, is essential for the function of the alpha-ketoglutarate dehydrogenase, that catalyses the reaction from alpha-ketoglutarate to succinyl-CoA. Decarboxylation occurs in the reactions that release CO2 as the carbon released then binds with oxygen as seen in the conversion from Oxalosuccinate to Alpha-ketoglutarate additionally, phosphorylation reactions, for instance, the phosphorylation of Succinyl-CoA, converts ADP  to ATP when a phosphate is released from the molecule (Harvey & Ferrier, 2011). The Krebs cycle releases several products crucial to the production of ATP, namely FADH2 and NADH, key components in electron transport.

Electron transport is the process of electrons and protons travelling between the mitochondrial matrix and the intermembrane space, creating ATP (Liberman et al. 1969). NADH from the Krebs cycle is oxidised to NAD+ after it gives an electron to enzyme complex 1 in the inner mitochondrial membrane. The electron releases enough energy potential to pump protons from the mitochondrial matrix to the intermembrane space through complex 1. Meanwhile, FADH2 from the Krebs cycle is also oxidised to FAD+, giving its electron to complex 2 (Lodish et al. 2000). The electrons are passed to a coenzyme Q, a molecule imbedded in the inner mitochondrial membrane, before being passed again to complex 3. In complex 3, more energy potential is released, pumping more protons across to the intermembrane space. These electrons then move to cytochrome C, another imbedded molecule, and then to complex 4, where more energy potential is released to allow protons into the intermembrane space. After releasing enough energy potential for proton movement, the electrons are transported to back to the mitochondrial matrix (Liberman et al. 1969). Oxygen splits into single molecules and binds with two hydrogen released to become water (H20). Meanwhile, the intermembrane space is overpopulated with protons, creating a large proton gradient in comparison to the mitochondrial matrix; protons diffuse back to a low concentration environment, through the ATP synthase enzyme. Each proton binds with ADP converting it to ATP, to be used as energy (Lodish et al. 2000).

[bookmark: _Hlk37590497]As demonstrated, B vitamins play an essential role in the metabolism by producing coenzymes that help catalyse reactions that enable the utilization of fuels. To metabolise carbohydrates B vitamins are required in Glycolysis, Krebs cycle and Electron Transport, to synthesize ATP from glucose (Depeint et al. 2006). ATP is critical for a body’s survival, without it, organs, muscles and cells in general, shut down and the body dies. Deficiencies in B vitamins are therefore also detrimental to health and can cause a series of negative health ramifications (Depeint et al. 2006). For example, without pantothenic acid or B5 consumed from the diet, Coenzyme-A isn’t produced, and Acetyl Co-A couldn’t be generated to initiate the Krebs cycle process. As a result, ATP production is impacted, and the entire body suffers because it lacks the fuel it needs to function. Deficiencies in B vitamins can cause a variation of problems affecting the digestive system, nervous system, and causing disorders in cognitive function, muscle function and the heart (Depeint et al. 2006). B vitamins are vital components in metabolism and without them, the body lacks the fuel function, leading to diseases and potential death (Depeint et al. 2006).
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