Cellular Respiration
Cellular respiration is a process in which food, mainly glucose, is broken down to produce energy in form of ATP. In aerobic respiration, glucose is broken down in presence of oxygen to produce carbon dioxide, water and energy (ATP) which is summarized in the following equation:
C6H12O6 + 6O2 	6CO2 + 6H2O + Energy (ATP)
In the glycolytic pathway, glucose is first phosphorylated to form glucose 6-phosphate. This first step consumes one ATP molecule and is catalyzed by the enzyme hexokinase. It is followed by an isomerase catalyzed rearrangement of glucose 6- phosphate into fructose 6-phosphate. With the help of the phosphofructokinase enzyme, this sugar goes ahead to receive another ATP molecule to form fructose1,6-bisphosphate. The aldolase enzyme then cleaves the bisphosphate into 2 triose phosphates (GAP and DHAP) whereby DHAP is converted into glyceraldehyde3-phosphate (GAP). The two GAP now continues in the glycolytic pathway where they are oxidized by NAD enzyme to produce 2NADH and H+ and phosphorylated by glyceraldehyde3-phosphate dehydrogenase enzyme to form 1,3-biphospho-glycerate. The next step involves the phosphoglycerate kinase enzyme transferring its phosphate group to ADP to produce the first ATP molecule and 3-phosphoglycerate. This is followed by the rearrangement of the position of the phosphate group to form 2-phosphoglycerate by mutase (PGM) enzyme.  The removal of a water molecule from 2-phosphoglycerate by enolase enzyme leads to the formation of phosphoenolpyruvic acid (PEP) which  is acted upon by pyruvate kinase enzyme to form pyruvate through the transfer of a phosphate group to ADP to form another ATP molecule. The overall reaction of glycolysis is as follows:
C6H12O6 + 2 NAD+ + 2 ADP + 2 P 	2 Pyruvate + 2 ATP + 2 NADH + 2 H+
In a link reaction where pyruvate is pumped into the mitochondria, it undergoes oxidative decarboxylation to produce an acetyl group which combines with CoA enzyme to form acetyl CoA. This decarboxylation produces 2NADH and H+ plus CO2.
Acetyl CoA enters into the Krebs cycle, which is a repetitive process that starts with the combination of acetylCoA from glycolysis with oxaloacetate to form citrate catalyzed by citrate synthase. Citrate is hydrated by aconitase enzyme to form isocitrate. This is followed by two successive decarboxylation reactions to form α-Ketoglutarate and then succinyl CoA. Each decarboxylation reaction produces CO2 and NADH catalyzed by isocitrate dehydrogenase and α-Ketoglutarate dehydrogenase respectively. Succinyl CoA is then phosphorylated by the addition of GDP and Pi to form succinate and GTP in a reaction that is catalyzed by succinyly CoA synthase. After this, succinate undergoes oxidation with the hydrogen acceptor being FAD instead of NAD to form fumarate and FADH2 with the help of succinate dehydrogenase. The fumerase enzyme then catalyzes the hydration of fumarate to malate which is finally oxidized to oxaloacetate by malate dehydrogenase to release NADH and H+. In general, the Krebs cycle reaction can be summarized as:
Acetyl CoA + 3 NAD+ +FAD + GDP +Pi + H2O 	2 CO2 + 3 NADH + FADH2 + CoA + 2H+
NADH and FADH2 enters the electron transport chain which is the last component of aerobic respiration involving a series of electron transporters in the inner mitochondrial membrane that transfer electrons from NADH and FADH2 to molecular oxygen, to produce water and ATP. ETC consists of four complexes with complex I receiving electron rich NADH and the complex II receiving FADH2 from Krebs cycle and glycolysis and passes them to Complex III. This complex in turn passes electrons to complex IV which holds oxygen molecules tightly until they are completely reduced. In the process of electron transport, protons accumulate in the mitochondrial matrix where they are actively pumped into the intermembrane space. It is this process that produces a concentration gradient that powers the enzyme ATP synthase which phosphorylates ADP into ATP.
In ETC, there are 12 pairs of electrons removed from each glucose molecule (10 by NAD+ and 2 by FADH2). Each pair of electrons donated by NAD+ generates 2 ATP molecules while each pair donated by FADH2 generates 2 ATP molecules. So,
NAD+ = 10 x 3 ATP = 30 ATP
FADH2= 2 x 2ATP = 4 ATP
Total = 34 ATP
ATP calculation
2 ATP from glycolysis + 2 ATP from Krebs cycle + 34 ATP from ETC = 38 ATP molecules
The generation of 38 ATP molecules is just theoretical since NADH is also used as a reducing agent for other cellular reactions and some energy is also used in active transport that powers the ETC process. The practical ATP yield from cellular respiration rarely exceeds 30 ATP molecules.
