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25.1: Digestion of Proteins

&b Learning Objectives

o List the steps of protein digestion.
Protein digestion begins in the stomach (Figure 25.1.1), where the action of gastric juice hydrolyzes about 10% of the peptide

bonds. Gastric juice is a mixture of water (more than 99%), inorganic ions, hydrochloric acid, and various enzymes and other
proteins.
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Figure 25.1.1: The Principal Events and Sites of Protein Digestion

The hydrochloric acid (HCI) in gastric juice is secreted by glands in the stomach lining. The pH of freshly secreted gastric juice is
about 1.0, but the contents of the stomach may raise the pH to between 1.5 and 2.5. HCI helps to denature food proteins; that is, it
unfolds the protein molecules to expose their chains to more efficient enzyme action. The principal digestive component of gastric
juice is pepsinogen, an inactive enzyme produced in cells located in the stomach wall. When food enters the stomach after a period
of fasting, pepsinogen is converted to its active form—pepsin—in a series of steps initiated by the drop in pH. Pepsin catalyzes the
hydrolysis of peptide linkages within protein molecules. It has a fairly broad specificity but acts preferentially on linkages
involving the aromatic amino acids tryptophan, tyrosine, and phenylalanine, as well as methionine and leucine.

Protein digestion is completed in the small intestine. Pancreatic juice, carried from the pancreas via the pancreatic duct, contains
inactive enzymes such as trypsinogen and chymotrypsinogen. They are activated in the small intestine as follows (Figure 25.1.2):
The intestinal mucosal cells secrete the proteolytic enzyme enteropeptidase, which converts trypsinogen to trypsin; trypsin then
activates chymotrypsinogen to chymotrypsin (and also completes the activation of trypsinogen). Both of these active enzymes
catalyze the hydrolysis of peptide bonds in protein chains. Chymotrypsin preferentially attacks peptide bonds involving the
carboxyl groups of the aromatic amino acids (phenylalanine, tryptophan, and tyrosine). Trypsin attacks peptide bonds involving the
carboxyl groups of the basic amino acids (lysine and arginine). Pancreatic juice also contains procarboxypeptidase, which is
cleaved by trypsin to carboxypeptidase. The latter is an enzyme that catalyzes the hydrolysis of peptide linkages at the free
carboxyl end of the peptide chain, resulting in the stepwise liberation of free amino acids from the carboxyl end of the polypeptide.
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Figure 25.1.2: Activation of Some Pancreatic Enzymes in the Small Intestine
Aminopeptidases in the intestinal juice remove amino acids from the N-terminal end of peptides and proteins possessing a free

amino group. Figure 25.1.3 illustrates the specificity of these protein-digesting enzymes. The amino acids that are released by
protein digestion are absorbed across the intestinal wall into the circulatory system, where they can be used for protein synthesis.
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Figure 25.1.3: Hydrolysis of a Peptide by Several Peptidases

This diagram illustrates where in a peptide the different peptidases we have discussed would catalyze hydrolysis the peptide bonds.
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