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Lecture 10 

Chapter 24: Metabolism and Energy 

Digestion and Absorption (Section 1-2)  

Energy Sustains Life Processes 

•! Life requires energy: 
–! Heat energy to maintain body temp 

–! Mechanical energy to move 
–! Chemical energy to synthesize compounds 

•! Living cells need energy to maintain 
function and organization 

•! Living organisms can only use a specific 
form of energy 
–! Photosynthetic organisms use sunlight 

–! Animals must eat plants or plant eating animals 
to obtain energy 

Photosynthesis 

•! Plants absorb energy from the 
sun to make glucose and 
subsequently other 
carbohydrates, lipids and 
proteins 

•! Photosynthesis- is the process 
by which plants synthesize 
glucose from carbon dioxide, 
water, and solar energy 

6CO2   +   6H2O    +   686 kcal   !    6C6H12O6  +  6O2 

How Animals Obtain Energy 

•! Animals cannot directly use the 
energy of sunlight, they must eat 
plants or plant eating animals in 
order to get the chemical energy 
stored in: 
–! Carbohydrates 

–! Fats  

–! Protein  

•! Once digested and transported to 
the cell a food molecule can be: 
–! Used as building blocks 

–! Burned for energy 

Metabolism 

•! It is the entire series of thousands of coordinated 
chemical reactions that keep cells alive 

•! It can be broken down into two opposing 
processes: 
–! Catabolism- The breakdown of a molecule to produce 

energy 

–! Anabolism- The building of biomolecules  

Lipids vs. Carbs 

•! Nearly all the energy required by animals is 
generated from lipid and carbohydrate 

•! Oxidation of lipid or carbohydrate is necessary 
to release energy 

–! Carbs:  C6H12O6 + 6O2 ! 6CO2 + 6H2O + 686kcal 
–! Lipid: C16H32O2 + 32O2 ! 16CO2 + 16H2O + 2340kcal 

•! These equations summarize the biological 
combustion of these molecules during 
respiration 
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Combustion vs. Respiration 

•! Both combustion and respiration use 
oxygen from the air to break down 
complex organic substances to CO2 
and H2O 

•! But combustion releases to much 
heat, very fast 

•! Respiration conserves much of the 
energy released by a series of 
stepwise reactions, some which 
result in ATP production, the rest is 
used to maintain body temp. 

ATP: Universal Energy Currency 

•! Probably the most important phosphate compound in 
metabolism 

•! Found in all plants and animal cells 
–! The concentration varies from 0.5 to 2.5 mg/mL of fluid 

•! It is an energy-rich compound because its hydrolysis leads 
to the release of energy 
–! The (~) indicates that the hydrolysis of this particular covalent bond 

releases a lot of energy (high energy bond) 

Hydrolysis of ATP 

•! One of the driving forces 
for the reaction is to relieve 
the electron repulsions 
between the phosphate 
groups 

•! Equation for ATP 
hydrolysis 

ATP!ADP + Pi + 7.5kcal/mol 

•! This reaction is reversible 
–! Its hydrolysis releases 

energy 

–! Its synthesis requires 
energy 

Energy Exchange via ATP 

•! ATP is produced by processes that supply energy: 
–! Ex.1  Absorption of solar energy by plants 

–! Ex.2 Breakdown of food in animals 

•! ATP is hydrolyzed in processes that require energy 
–! Ex.1 Synthesis of carbohydrates, lipids and protein 

–! Ex.2 Transmission of nerve impulses 

–! Ex.3 Muscle contractions 

•! Because ATP is the principal medium exchange in 
biological systems, it is called the energy currency of 
the cell 

Other Biologically Important High-Energy 
Phosphate Containing Molecules 

•! ATP is about 
halfway down 
the scale 

Digestion and 
Absorption of 

Major Nutrients 

•! Think of catabolism 
as occurring in three 
stages 
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Digestion 

•! Is a hydrolytic process that breaks down food molecules into 
simple chemical units, that can more easily be absorbed by 
the body 

•! In humans digestion takes place in the digestive tract, while 
absorption occurs primarily in the small intestine 

•! The digestive tracts acts upon food: 
–! Mechanically- food is subdivided into smaller particles, mixed and 

propelled forward through the tract 

–! Biochemically- at each step enzymes act on specific nutrients to 
hydrolyze them into smaller molecules 

•! Molecules that are turned into a suitable form are absorbed 

•! Materials that can not be absorbed make their way through 
the entire length of the canal 

The Mouth’s Role 

•! Mechanical breakdown 
–! Food is chewed 

•! Biochemical breakdown- 
–! Food is coated with mucin, a 

glycoprotein constituent of 
saliva 

–! Saliva is the digestive fluid 
produced in the mouth that 
contains !-amylase, the 
principal digestive enzyme in 
the mouth 

From Esophagus to Large Intestine 

•! Mechanical Breakdown- 
–! Food is pushed forward by muscular 

movements, peristalsis 

–! In stomach by churning 

•! Biochemical Breakdown- 
–! Digestive juices help liquefy the food 

–! Food then stays in the stomach 2-5 hrs, where 
it is broken down by pepsin, producing a thin 
watery liquid called chyme 

•! This material then passes into the 
duodenum 

The Digestive Tract 

Digestion of Carbohydrates 

•! Begins in the mouth, where salivary !-amylase attacks the 

!-glycosidic linkages in starch 

•! The pH of saliva is 6.8, optimum for !-amylase 

•! Cleavage by !-amylase produces a mixture ! dextrins, 

maltose and glucose 

–! It continues to function, until reaching the stomach, where the 

extremely low pH deactivates it 

•! The main site of carbohydrate digestion is the small 

intestine, where pancreatic !-amylase converts the 

remaining starch molecules into maltose  

Carbohydrate Digesting Enzymes  

•! In small intestine  
–! Maltase digests maltose 

–! Sucrase digests sucrose 

–! Lactase digests lactose 

•! These enzymes are located on the membranes of 
cells that line the inner surface of the small 
intestine 

•! The monosaccharides produced are then 
absorbed through the wall of the small intestine 
into the blood stream   

Disaccharide break down 
ultimately produces: 

glucose, fructose, & galactose  
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Overview of Carbohydrate Digestion Protein Digestion 

•! Protein digestion 
begins in the stomach 
(gastric juice 
hydrolyzes ~10% of 
peptide bonds) 

•! Gastric juice is 
composed of water 
(99%), mucin, 
inorganic ions, HCl and 
some enzymes 

•! Gastrin (protein 
hormone) starts the 
flow of gastric juices 

Stomach Acid 

•! HCl is secreted by glands in the stomach lining 

•! The pH of freshly secreted gastric juice is 1.0 but 
upon reacting with stomach contents, the pH rises 
and will range between 1.5 - 2.5 

•! The HCl denatures protein so that enzymes can 
digest it more efficiently 

•! The principal digestive component of gastric juice is 
pepsinogen, a zymogen produced in secratory cells 
located in the stomach wall 

Stomach Peptidase 

•! Pepsinogen - is an 
endopeptidase that 
catalyzes the hydrolysis of 
peptide linkages with in the 
protein 

•! It has a fairly broad 
specificity, cleaving after 
trp, tyr, phe, & to a lesser 
extent met, leu  

Peptidases in the Small Intestine 

•! Protein digestion is completed in the small intestine 

•! Pancreatic juice carried from the pancreas through 
the pancreatic duct contains the proenzymes: 
–!  trypsinogen, chymotrypsinogen, procarboxypeptidase, 

proelastase 

Enteropeptidase 

Peptidase Specificity 

•! Trypsin- cleaves after basic 
amino acids lysine and arginine 
(endopeptidase) 

•! Chymotrypsin- cleaves after phe, 
trp, & tyr (endopeptidase) 

•! Carboxypeptidase- cleaves 
C-terminal amino acids 
(exopeptidase) 
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Digestion in Intestinal Lining 

•! Two types of peptidases are secreted in intestinal 
juice: 
–! 1) Aminopeptidase which cleaves from the amino 

terminal end in a stepwise fashion (exopeptidase) 

–! 2) Dipeptidase and tripeptidase, which cleave dipeptides 
and tripeptides  
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•! Both endogenous and exogenous protein is digested, the 
AAs produced are then absorbed across the intestinal wall 

Digestion of Lipids 
•! Lipids are not digested until 

they reach the upper portion 
of the small intestine 

•! A hormone is secreted that 
stimulates the gallbladder to 
discharge bile into the 
duodenum 

•! The bile salts then emulsify 
the fat globule, to make it 
more accessible to lipases 

•! Another hormone then 
promotes the secretion of the 
pancreatic juice 

Lipases 

•! Lipases contained in pancreatic juice catalyze the 
digestion: 
–! triglycerides! diglycerides! 2-monoglycerides & fatty acids that 

can be absorbed in the blood stream 

•! Phospholipids and cholesteryl esters are also hydrolyzed 
into their component molecules and absorbed 

Absorption into Blood Stream 

•! Absorption of most digested food takes place in the small intestine 
through the fingerlike projections called villi, that line the inner 
surface 

•! The fatty acids & monoacyglycerides, monosaccharides, and 
amino acids that were released during the digestive processes 
pass through the semi-permeable membrane of each villus and 
are absorbed into the blood stream 

•! FA and MAG pass 
through by passive 
diffusion 

•! Monosaccharides and 
amino acids cross by 
active transport 

•! All food molecules are 
taken to the liver  


