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Dr. Nedwidek Notes for Jr Bio class Oct 30ish-Nov 2ish, 2012: Digestion
Stuyvesant H.S.


Aim: How do other heterotrophs carry out digestion compared to humans?

You must print this for yourselves.

Monstrous Enzyme Homework 9 due Oct 29. Gargantuan Digestion Homework 10 due Friday nov 2.  Transport Hw 11 due Nov. 7.  And let’s recall our last ideas on enzymes including these leading questions and extensions: DN: Gastric proteases from the stomach & intestinal proteases from the small intestine each function at different optimum pH to control activity.  What are the advantages to this?  Would either of the two function in the other’s optimum environment?  What is the relationship between the active site of an enzyme and the shape of its ideal substrate?  Contrast mechanical and chemical digestion.  What are the important molecular components of food?

Next test: Tuesday, Nov. 13, 2012: enzymes and digestion, possibly transport (next handout). Topics TBA.  Stay tuned for details. Check email. Format will definitely include a series of multiple choice questions (you can expect identifications of human organs—see audesirk; and a bit of comparative anatomy—see Kraus; human digestion stuff is mainly from audesirk; know which enzymes act primarily in which organs), and one section on data interpretation of enzyme activity, and optimal functions and specificities of certain human digestive enzymes.  There will also be multi choice on enzymes.  You will also have a test the Tues after Thanksgiving (Nov 27), covering cell resp and photosynthesis...and you thought biochem was bad?  Muahahahaha! Ya ain’t seen nothin’ yet.
Comparative Anatomy I: Mechanisms for energy procurement (ways organisms get energy):
Autotrophs: synthesize their own food: ex=photosynthesis and chemosynthesis: do not have formal digestive systems, but do absorb.

Heterotrophs: must obtain food from environment.  General types of heterotrophs:

-herbivores: give example:_______________________; eat ______________

-carnivores: give example:_______________________; eat ______________

-omnivores: give example:_______________________; eat ______________

All heterotrophic digestive systems must accomplish the following 5 events (define as we go):

1) Ingestion: 

2) Mechanical Breakdown:

3) Chemical Breakdown:

4) Absorption:

5) Elimination:

Please note the difference between excretion and elimination, and remind me to talk about multiple and single purpose “holes”, against my better judgement.

Important Physiological similarities among animals: From organisms as simple as earthworms, on up to us: all are a tube within a tube!  Examples of organisms that perform digestion from simpler to more complex: (simple) sponge, hydra, jellyfish, sea star, earthworm, insect, bird, cow/human (complex)
Comparative Anatomy II: Specifics on Body Plans: also see Towle and Kraus.

Sponges: Digest on the level of a single cell.  Food is enclosed in a food vacuole, which is a temporary “stomach”.  Lysosome targets nutrient breakdown by fusing its hydrolytic enzymes with vacuole contents.  Recall this process from biochemistry…nutrient polymers plus water are broken down into monomers.

Earthworms (annelids):  extract nutrients from the soil and aerate soil in the process.  Worms have an organ called the crop for storage and a gizzard to crush the material they ingest.  They also possess an anus.

Insects (bugs): such as grasshoppers also function using a tube-within-a tube body plan.  They use a crop and gizzard to process nutrients, and Malpighian tubules to process wastes.  Insects excrete and eliminate from the same hole.

Birds: also have a simple plan and do not separate feces from urine. They eliminate through a hole called the cloaca (which also serves for reproduction!)

Ruminants: such as cows and goats are capable of digesting cellulose polysaccharide (a major structural component of grass and most plants) into usable sugars—microorganisms contribute to this process.  The 4 “stomachs” vomit up and re-chew the food or the “cud”.  Calves of ruminants digest milk from their mothers.  They drink it and their stomachs are capable digesting it with an enzyme called chymotrypsin (commercially known as rennet—used to make cheeses by digesting the milk solids or curds from the liquids or whey).  Mature cows lose this enzyme as they exit childhood.

Humans: we have a complex, tubular, isolated digestive system which is physically separated from our reproductive system.  Of all the organisms above, we are closest to a cow (MOO!)

Important Vitamins/Minerals; associated deficiencies in humans: Vit/Min, Disease, Best Source

Iron-:  Anemia; from fortification in cereals, and cast iron pans, some vegetables

Iodine-: Goiter; in salt as Sodium iodide

Vitamin D-: Rickets which causes bone softening; Vitamin D is a derivative of cholesterol that can be synthesized upon exposure to sunlight and a reaction with certain intestinal enzymes and is also in fortified milk (check it out!)

Vitamin A-: Night blindness; from carotene in carrots and is also in fortified milk
Vitamin B1/thiamine-: Beriberi; from fortification in cereals

Vitamin C-: Scurvy; from citrus fruits

Vitamin K-: Blood thinning; from green veggies like broccoli and spinach

Niacin-: Pellagra, which is a skin problem; from fortification in cereals

Eating disorders:
Anorexia, Bulimia, Obesity

Eating preferences:
Vegan, Vegetarian.  People who choose this may overeat soy.  Avoid this.

Sub-aim: How do humans get food inside?

Human Digestive system organs, functions, and pertinent enzymes.

Mouth and Teeth: Chewing increases surface area of food nutrients.  Incisors, premolars, molars break food down or apart.  Mechanically, the teeth chew while the tongue moves materials around to deliver exposure to salivary amylases.  Complex sugars and starches are thus chemically broken down to initiate carb digestion.  Three glands make saliva.  Recall that hydrolysis is an integral part of digestion. Pharynx is past the mouth, the “throat”.

Esophagus: moves food downward (via peristalsis), but not much active digestion or breakdown occurs here.  The bolus of food moved downward.  If it moves up, this can create esophageal reflux or “heartburn” which has nothing to do with the heart.  Food continues down, past the epiglottis, which is near the esophagus, and covers the trachea or airway to keep food from sliding down the airway and leading to choking.  The Heimlich maneuver forces air from the lungs to dislodge food from the trachea.

Stomach: primarily protein digestion by protease enzymes occurs here.  It primarily churns food mechanically into chunks.  Protein is converted to peptides in the presence of pepsin (a protease); this is facilitated by the acidic environment of the stomach.  These proteins are active at low pH.  The duodenum is the part of the stomach leading to the small intestine.  Ulcers occur when HCl breaks through the stomach’s natural protective mucus lining and causes sores to form.

Small intestine: multiple enzymes operate at high(er) pH here—it is a buffered environment.  The first thing the shift in pH does is to inactivate the pepsins from stomach and neutralize stomach acid.  The small intestine uses enzymes produced by the pancreas to break down carbohydrates, lipids, proteins and nucleic acids; bile salts come from the liver.  Bicarbonate buffer is the active ion that neutralizes stomach acid.  Most digestion and absorption occurs in the 30-foot-long intestine; villi and microvilli accomplish absorption, which is the first step in assimilation or the synthesis of larger molecules from the smaller “digested” components.  Lacteals accomplish microabsorption.  The pancreas makes most of the active intestinal enzymes, but also makes insulin and glucagon to regulate blood sugar.  The enzymatic processes that  accomplish intestinal digestion are that peptides are converted to amino acids in the presence of trypsin and chymotrypsin, which are peptidases.  Starch is converted to sugar in the presence of amylase.  Bile then carries out the emulsification of fat, or it breakdown into manageable particles, semi-soluble in water.  Lipids are then convereted to glycerol and fatty acids in the presence of lipases.

Liver and Gall Bladder: Makes and stores Bile, respectively. Bile emulsifies fats, breaking them into small, enzyme-accessible globules, and then congeals the fat for digestion; it is active in the small intestine.  The liver also makes other enzymes and has a number of other important functions; it is intimately involved in waste removal from the circulatory system and blood filtration.

Large intestine or Colon: This forms the bowel movement or feces, otherwise known as “stool”, “poop”, “#2”, and a bunch of other things I cannot list for you here!  Water is absorbed here and feces form.  Bacteria such as Escherischia coli and simple eukaryotes such as yeasts like Saccharomyces boulardii, called the intestinal flora and fauna, assist in the process by helping with vitamin and water absorption.  The feces, as water is being absorbed from it, then passes through the four regions of the colon— ascending, transverse, descending, and sigmoid.

Rectum and anus: These represent the exit or endpoints for the fecal material.  The rectum serves as storage, and moves the feces out the anal hole (final “exit”) by peristalsis.

Digestion is hormonally controlled. An imbalance in these hormones or in the system function can seriously interfere with the normal function of an organism, and its ability to maintain homeostasis.

Flatus is methane “gas” due to metabolic imbalances.  It goes by other names too.

Vomit, otherwise known as throwing up or puking, is when the stomach pushes food up the esophagus and through the mouth.  It happens due to the gag reflex or due to poisoning.

Intestinal trouble is serious. Diseases like cholera, untreated, cause intestinal dehydration leading to death.

Constipation is when too much water is removed by the intestine-stool is dry/can become impacted/stuck, which is serious.  Diarrhea (extreme form-dysentery) is when too much water is retained by the intestine, and the stool becomes watery—this can also be serious & is most commonly caused by microorganisms.

