Hormonal and enzyme regulation of protein digestion


High-quality protein sources, such as meat, fish, eggs, and dairy products, contain all nine of the essential amino acids. These are also called whole proteins or complete proteins. Dix.(2018). Other protein sources, such as nuts, beans, and seeds, only contain some essential amino acids. However, you can combine some of these protein sources, such as rice and beans, to create a complete protein that contains all nine essential amino acids. Dix.(2018). 
The Digestion of protein is a complex process depending on several factors such as the amount and composition of the digestive enzymes, the pH, the transit time in the various parts of the gastrointestinal tract and the overall composition of the food ingested. ERIKSEN, E.K (2010).
Gastric digestion assays have frequently been performed at pH 1-2, However, gastric pH varies from 1·0 to 3·5 in the fasting state of healthy adult individuals and increases to a median of 6·7 during a meal. The type of food ingested will also influence the gastric pH. ERIKSEN, E.K (2010). The activity of the gastric proteases (pepsins) is highly influenced by pH, with decreased activity above pH 4·5. Low activity of the pepsins delays gastric protein digestion, resulting in an increased amount of intact protein reaching the intestine. During duodenal digestion, the pH is normally about 6·2-6·7; however, pH values up to 7-8 are recorded both in other studies ERIKSEN, E.K (2010).
A large part of protein digestion takes part in the stomach, the enzyme pepsin plays an important role in the digestion of proteins by breaking down the intact protein to peptides, these are short chains of around 4 to 9 amino acids Turiccki (2018).Other enzymes such as trypsin, elastase, and chymotrypsin break down the peptides turning them into smaller peptides, this takes place in the duodenum Luman (2019). Trypsin elastase, carboxypeptidase, and chymotrypsin are produced by the pancreas and released into the duodenum where they act on the chyme. Further breakdown of peptides to single amino acids is aided by enzymes called peptidases Luman (2019). Specifically, carboxypeptidase, dipeptidase, and aminopeptidase play important roles in reducing the peptides to free amino acids.

The steps of protein digestion are summarized in figure 1
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Protein digestion begins in the stomach with the action of an enzyme called pepsin. Pepsin is the active protein-digesting enzyme of the stomach. When pepsin acts on the protein molecule, it breaks the bonds that hold the protein molecule together, called peptide bonds. When these bonds are broken, you get chains of amino acids linked together called polypeptides, Tuscany (2016).
Pepsin action is important not so much for its direct contribution to protein digestion, that is modest, but for the release of peptides and amino acids which, at the duodenal level, stimulate the secretion of cholecystokinin, and therefore the duodenal/pancreatic phase of protein digestion. Tuscany (2016).
The pancreas is a vital digestive organ because it produces a variety of enzymes that break down all the major food groups. These enzymes are secreted into the duodenum along with a high concentration of bicarbonate. Study (2003). Bicarbonate makes the pancreatic secretions alkaline in nature. This flow of alkaline fluid into the small intestine helps to neutralize the acidic chyme that comes from the stomach. Neutralizing the acidic chyme provides a better environment for activation of the pancreatic enzymes. Study (2003). These enzymes come in two forms. Some enzymes are already active, such as pancreatic lipase and pancreatic amylase, whilst some are secreted as inactive enzymes such as trypsinogen. Turiccki (2018)
The inactive enzymes are released as zymogens (precursors of the active form) – this prevent the enzymes digesting the pancreas itself. Trypsinogen is converted to trypsin (active form) in the small intestine by meeting the brush border enzyme enterokinase. Trypsin then converts the remaining inactive proteases to their active form. Turiccki (2018)

Trypsin can activate all the proteases. At the brush border, much like disaccharidases, there are peptidases that cleave some peptides down to amino acids. Not all peptides are cleaved to individual amino acid, because small peptides can be taken up into the enterocyte, thus, the peptides do not need to be completely broken down to individual amino acids. Turiccki (2018).
These amino acids are then absorbed via a Sodium cotransporter, in a similar mechanism to the monosaccharides. They are then transported across the basolateral membrane via facilitated diffusion. Di and tripeptides are absorbed via separate H+ dependent cotransporters and once inside the cell are hydrolysed to amino acids. Turiccki (2018).
[bookmark: _GoBack]In the lower parts of the small intestine, the amino acids are transported from the intestinal lumen through the intestinal cells to the blood. This movement of individual amino acids requires special transport proteins and the cellular energy molecule, adenosine triphosphate (ATP). Once the amino acids are in the blood, they are transported to the liver. Medical (2019).

Proteins can be synthesised in the liver using amino acids consumed in the diet. Protein synthesis is stimulated by insulin and growth hormone Speller. (2019). The liver has an important role in the distribution of excess amino acids consumed in the diet (i.e amino acids which are not needed for the synthesis of proteins) Speller. (2019). They are metabolised in the liver, but the amino group is potentially toxic and must be removed. Amino acids contain nitrogen, so further catabolism of amino acids releases nitrogen-containing ammonia. Because ammonia is toxic, the liver transforms it into urea, which is then transported to the kidney and excreted in the urine Medical (2019). Urea is a molecule that contains two nitrogen’s and is highly soluble in water. This makes it a good choice for transporting excess nitrogen out of the body. Because amino acids are building blocks that the body reserves in order to synthesize other proteins, more than 90 percent of the protein ingested does not get broken down further than the amino acid monomers.
Very little protein makes it to the large intestine if you are not eating excessive amounts Medical (2019).
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