Chapter 41

I.  Nutritional Requirements

A.  An animal must have

1.  fuel for cellular work

2.  organic raw material for biosynthesis

3.  essential nutrients-substances an organism cannot make for itself from any raw material

B.  Fuel

1. carbohydrates, fats, and proteins are used 

a. to produce energy as ATP

b. to give off heat

c. as storage material

2.  glucose homeostasis:

a.  if an animal consumes more calories than used it can be stored as:

1)  glycogen (repeating glucose subunits)- stored in liver and muscles

2)  fat in adipose, only if glycogen stores full 

b.  if fewer calories taken in than expended, fuel is taken out of storage depots; may result in weight loss; glycogen in liver, followed by muscle is taken out first; fats (broken in fatty acids and glycerol, ultimately into glucose); proteins are used last

3.  caloric imbalance

a.  undernourishment-if diet is chronically deficient in calories

1)  if stores of glycogen and fat are used, body breaks down its proteins; death may result

2)  single staple diet may provide enough calories though not enough nutrients, leading to malnourishment

b.  overnourishment (obesity)-excessive food intake

1)  body more likely to store excess fat than excess carbohydrates

2)  amount of fat in diet may have more direct effect on weight than carbohydrates

3)  fat hoarding may have been beneficial to human ancestors; individuals w/ those genes may survive famine

c.  obesity

1)  human body seems to set limits on weight gain and loss

2)  leptin-increase in adipose causes increase in leptin which decreases appetite and increases body heat production

3)  rigid body weight in some, fluctuations in others

4)  obesity may be beneficial to some organisms

C.  Diet 

1.  essential nutrients-must be obtained preassembled; can’t be made by the organism

2.  malnourished-lacking essential nutrients

a.  essential amino acids

1)  20 total; 8 essential

2)  animal products (meat, eggs, cheese) are considered complete-all amino acids are provided in the correct proportion

3) plant products are considered incomplete; one may need to eat combinations at the same time

b.  essential fatty acids-some unsaturated fa; linoleic acid needed in humans

c.  vitamins-small amounts

1)  water soluble-C

2)  fat soluble-D E A K; can be toxic b/c stored in fat

3)  disagreement on RDA

d.  minerals-Ca, P; small amounts

II.  Food Types and Mech

A.  Types

1.  herbivores-eat plants; cows

2.  carnivores-eat animals; snakes

3.  omnivores-both; humans

4.  most org opportunistic

B.  Adaptations

1.  suspension feeders-filter water for food; clams

2.  substrate feeders-live on/in food source; maggots

a.  deposit feeders-eat dirt and salvage mat; earthworm

3.  fluid feeder-suck fluid from host; mosquito; may or may not be parasitic

4.  bulk feeders-eat large pieces of food; snake

III.  Food Processing

A.  Stages

1.  ingestion-act of eating; can’t use large molecules directly

a.  too large to enter cells

b.  macromolecules that make up animal not same as food; need monomers

2.  digestion-breaking down food thru enzymatic hydrolysis (breaking bonds by adding water)

3.  absorbtion-take in small molecules

4.  elimination-undigested mat passes out of org

B.  Dig in Specialized Compartments

1.  intracellular digestion-digestion in a compartment; Paramecium

a.  food intake-vacuole+lysosome-digestion-elimination

2.  extracellular digestion-breakdown outside cells; hydra

a. ingetstion-gastrodermis secrete enz in gastrovascular cavity-cells engulf food-elimination

3.  digestive tract (alimentary canal)-2 openings

a.  may be crop, stomach (storage), gizzard (grinding)

b.  can ingest more food before earlier meals completely digested

IV.  Mammalian Dig Sys

A.  Intro

1.  peristalsis-rhythmic waves of contraction; pushes food down tract

2.  sphincter-muscle which closes tubes

3.  accessory glands-salivary glands, pancreas, liver, gallbladder

B.  Parts

1.  oral cavity-digestion begins

a.  chewing

1)  food easier to swallow

2)  inc surface area

b.  anticipation of chewing causes release of saliva

1)  mucin-glycoprotein

a)  protects mouth from abrasion

b)  lubricates food

2)  buffers-neutralize acids

3)  lysozyme-kills bac

4)  salivary amylase-hydrolyzes starch and glycogen

c.  tongue

1)  tastes food

2)  manipulates food during chewing

3)  forms ball-bolus

4)  pushes bolus into pharynx

2.  pharynx-junction to esophagus and trachea (windpipe)

a.  during swallowing, trachea moves up, glottis blocked by epiglottis; bolus to esop, not trachea

3.  esophagus-conducts food from pharynx to stomach

a.  top-voluntary; bottom-involuntary

C.  Stomach

1.  gastric juice-mixes w/food

a.  HCl-pH 1-3

1)  disrupt cell bindings

2)  kills bac (except Helicobacter pylori)

3)  denatures proteins

b.  pepsin-breaks peptide bonds of proteins

2.  prevention of destroying stomach cells

a.  pepsin released as pepsinogen (inactive); HCl cleaves it forming pepsin; pepsin can now act on pepsinogen forming more pepsin (pos fdbk)

b.  mucus-protect lining

c.  active mitosis

3.  mixing of enzyme forms acid chime-broth

4.  cardiac and pyloric sphincter prevent acid reflux

D.  Small Intestine-longest section

1.  most hydrolysis in duodenum; secretion from accessory glands enter

a.  enzymatic action

1)  carb digestion

a)  pancreatic amylase-hydrolyze polysacc to disacc

b)  disaccharidases (maltase, lactase, sucrase)-disacc to monosacc; found on brush border

2)  protein digestion

a)  trypsin and chymotrypsin secreted inactive-triggered by enteropeptidases

b)  carboxypeptidases-split at carboxyl end; aminopeptidases-split at amino end

c)  work faster if all used

3)  nucleic acid digestion-nucleases hydrolyzed DNA-nucleotids, nucleosides

4)  fat digestion

a)  bile secreted by liver, stored in gall bladder

b)  emulsification by bile salts-coat fat, inc surface area

c)  lipase-hydrolyzes fat

5)  most digestion completed in duodenum

6)  jejunem and ileum-absorbtion of nutrients and water

b.  absorbtion of nutrients

1)  villi-fingerlike projections that inc surface area

2)  microvilli-inc surface area

3)  lacteal-lymphatic sys; carries lymph w/fats

a)  glycerol and fa absorbed and recombined into fats; mixed w/cholesterol and coated w/proteins forming chylomicrons

4)  transport by simple diffusion, active diffusion (ATP against gradient)

5)  hepatic portal vessel-digested mat sent to liver

a)  has 1st access to aa and sugars

b)  reg sugar

c)  dispose of foreign materials

2.  dig efficiency and cost-energy cost to dig food

E.  Hormones Help Reg Digestion

1.  food stim gastrin which stim secretion of gastric juice; if pH too low, inhibits gastrin relase, dec sec of gastric juice

2.  enterogastrone-hormones of duodenum

a.  low pH stim secretion of secretin; signals pancreas to release bicarbonate-neutralizes

b.  CCK-secreted in response to aa or fa; causes gallbladder to release bile

1) high fat in chime stmulates enterogastrones to inhibit peristalsis to slow down food entry for more time to break down

F.  Large Intestine (Colon)

1.  cecum-pouch; smaller in humans

2.  appendix-lymphoid tissue; fingerlike projection in immune response

3.  functions

a.  reclaim water; less reabsorbtion-diarrhea; more reabsorbtion-constipation

b.  feces storage-wastes of dig tract; become more solid as moved along

1)  undigested mat, bac, cellulose-not digested by helps move solids along

2)  may contain excess salts

4.  bac present

1)  Esherichia coli-gen vit like vit K

5.  rectum-storage; sphincters reg passage

V.  Adaptations of Vertebrate Dig Sys

A.  Adaptations Assoc w/Diet

1.  dentition-adapted to diff types of food

2.  snakes-lower jaw loosely hinged; allows swallowing prey whole

3.  large expandable stomachs for storage

4.  length-herbivore and omnivores have longer dig tracts b/c vegetation harder to digest than meat; longer time to digest and more surface area for absorbtion

B.  Symbiotic Microbes Help Nourish Vert

1.  bac in herbivores help break sown cellulose; location of bac varies

2.  ruminants-cows; 4 chambered stomach for specialized functions

