BIOLOGY 12  

THE DIGESTIVE SYSTEM             NAME: _____________________


            (REVIEW)

 
When we ingest food, we put it in the mouth.  The mouth contains teeth, which chew food.  Chewing is a physical digestion process that increases the surface area so that chemical digestion can take place faster.  Connected to the mouth are a series of salivary glands, which release saliva through ducts (tiny tubes) that lead into the mouth.  Saliva has two main components; Water which is added to the food as a lubricant to aid in swallowing and as a reactant in the hydrolytic reactions of digestion, and salivary amylase (ptyalin), a digestive enzyme that breaks the ester bonds between sugar molecules and begins the chemical conversion of cooked starch into maltose (disaccharide).

The tongue is a muscle that rolls the food into a manageable-sized portion, called a bolus, it will then push the bolus to the back of the mouth, from there, swallowing takes place.  Swallowing is a reflexive action that occurs because of the contractions of the two layers of smooth muscles that line the pharynx and esophagus. This rhythmic set of contractions is referred to as peristalsis.
 


The throat area at the back of the mouth is called the pharynx.  It is a common passage way for both food and air.  The trachea and the esophagus split off from the base of the pharynx and transport their contents to their respective destinations.  In order to prevent the food materials from going down the trachea, the epiglottis, a ventral flap of tissue, covers the entrance to the trachea (glottis).  At the base of the esophagus, the bolus encounters a constricted ring of muscle called the cardiac sphincter. This sphincter must relax and open before the bolus can enter the stomach.

 


The stomach is a large “J-shaped” organ.  Its wall has three layers of muscle that churn the food materials over and over.  The presence of food in the stomach causes the release of a hormone called gastrin into the bloodstream. This hormone travels from the walls of the stomach into the blood stream.  As gastrin circulates the body, it targets the exocrine glands of the stomach, which then causes the release of gastric juice.  Gastric juice contains water as well as HCl (acid) and pepsinogen (inactive form of pepsin enzyme).  Under the influence of this gastric juice, the bolus becomes acidic chyme.  (Chyme, literally means runny).  The HCl has three main functions.  Firstly, it creates an environment with a pH (about 2.5) that will kill any bacterial growth that may be on the food material, secondly, it reacts with the pepsinogen converting it into pepsin an active protease, (breaks protein into smaller peptide chains, thirdly, it helps break down connective tissue in foods to free up proteins.  Being a protein-digesting enzyme, a cell would not survive its production.  It must be produced in a precursor (inactive) form and then converted into an active form once in a mucous protected environment.

 


The pyloric sphincter is similar to the cardiac sphincter, except it is located at the base of the stomach where it controls the passage of the liquid acid chyme into the duodenum (first part of the small intestine). The duodenum is specialized by the presence of chemoreceptors, chemical sensitive nerve endings that are able to detect the presence of different biochemicals in the food material.  In this way, the digestive system can regulate which secretions are released.  For example, the presence of the acid chyme itself will trigger the release of Secretin hormone by the duodenum.  Secretin is a hormone that travels through the blood to primarily target the pancreas.  This hormone then causes the release of pancreatic juice.  Sodium bicarbonate is one component of pancreatic juice.  The bicarbonate ions (HCO3-) over-neutralize the acidic chyme so that it becomes alkaline with a pH of about 8.5.  Other than water, the other main components of pancreatic juice are enzymes (see the list below) that are active at this pH.  Another hormone that is released by the duodenum by the presence of fatty acids is CCK (cholecystokinin).  CCK mainly targets the gall bladder  and liver where it causes the contraction of those organs to cause a release of bile.
 


The enzymes in pancreatic juice are:

a. lipase – converts lipids (triglycerides) into fatty acids and glycerol. 
b. trypsin – a protease that breaks some peptide bonds to convert protein into smaller
     peptide chains of varying lengths.

c. pancreatic amylase – which breaks remaining starches into maltose (disaccharide) molecules.

d. nucleases – which partially convert nucleic acids into nucleotides. 
 

The intestine (mostly the first portion-duodenum) also produces and secretes its own digestive enzymes.  Maltase (recall malDase) will finish off the digestion of the carbohydrates, by breaking Maltose into 2 Glucoses. The duodenum will also secrete most PeptiDase enzymes.  These peptidases will finish off protein digestion by breaking down all peptide bonds, this action will chemically digest small peptide chains into free individual Amino Acids. These amino acids are now small enough to be absorbed into the blood stream. The last enzyme released from the Duodenum that we will discuss, is NucleosiDases. NucleosiDases will hydrolyze a nucleotide into its three components; Phosphate group, 5-Carbon Sugar (Deoxyribose or Ribose) and Nitrogenous Base (Adenine, Thymine, Cytosine, Guanine or Uracil).
 

The small intestine is also specialized to absorb the products of digestion in two ways.  It has a huge surface area which maximizes the potential for absorption.  The majority of the small intestine is lined with many specialized structures for absorption. These structures are called VILLI.   The products of fat digestion enter the lacteals within a villus. These lacteals are part of the lymphatic system.  The rest of the products of digestion enter the capillary bed within each villus.  The cells lining the villi are equipped with lots of mitochondria because these absorptive processes are energy – requiring (active transport) and ATP is used as the energy source. The epithelial cells forming the wall of each villus also have specialized folds of their cell membrane called MICROVILLI.
 

Once the nutrients from the food have been absorbed, the remains are indigestable materials (mostly cellulose), water, and other components of the food that the body did not require.  These things pass into the large intestine (colon)  The first segment of the colon is called caecum.  Hanging down the caecum is the appendix.  Inflammation of the appendix is called appendicitis.

 

The major roles of the colon are to absorb a great amount of water that was added to the food material all the way along the digestive system, and to house a variety of beneficial bacteria (including strains of E.Coli).  These bacteria are capable of metabolizing substances that our bodies were unable to.  This forms a symbiotic relationship between our gut bacteria and us. We provide food and habitat for our gut bacteria, in return our gut bacteria release minerals, manufacture vitamins and some amino acids, which we can then absorb.

