METABOLISM

CHAPTER  25 SUMMARY

The food we eat, (carbohydrates, lipids, and proteins), are our only source of energy for doing the biological work of cells.

All molecules (nutrient molecules included) have energy stored in the bonds between their atoms.

Three major metabolic uses for nutrients:

1. used immediately for energy for active processes

2. synthesized into structural or functional molecules

3. synthesized as fat or glycogen for later use as energy

OXIDATION-REDUCTION REACTIONS

Oxidation = the removal of electrons from a molecule and results in a decrease in the energy content of the molecule.  Because most biological reactions involve the loss of hydrogen atoms, they are called dehydrogenation reactions.

Reduction = the opposite of oxidation; the addition of electrons to a molecule, and results in an increase in the energy content of the molecule.

An important point to remember in Oxidation-Reduction reactions is that oxidation is usually an energy-releasing reaction.

CARBOHYDRATE METABOLISM

During digestion, polysaccharides are converted to monosaccharides (primarily glucose), which are absorbed through capillaries in villi and transported to the liver via the hepatic portal veins.

Glucose is the body's preferred source for synthesizing ATP.

If cells require immediate energy, glucose is oxidized by the cells to produce ATP.

Glucose can also be used to form amino acids, which then can be incorporated into proteins.

Excess glucose can be stored by the liver (25%) and skeletal muscle (75%) as glycogen (how animals store carbohydrate)in a process called glycogenesis.

If glycogen storage areas are filled up,(they hold about 1.1 pounds of glycogen), liver cells and fat cells convert glucose to glycerol and fatty acids that can be used for synthesis of triglycerides in a process called lipogenesis.

Glucose Catabolism:

Glucose oxidation is also called aerobic or cellular respiration.  It occurs in every cell of the body (except red blood cells because they lack mitochondria), and provide the cells main source of energy.

The complete oxidation of glucose to CO2, H2O results in large amounts of energy (ATP) and occurs in successive stages: glycolysis, formation of acetyl coenzyme A, the tricarboxylic acid cycle and the electron transport system.

Glycolysis:

1. Refers to the breakdown of the six-carbon glucose molecule into two three-carbon molecules of pyruvic acid.

2. Glycolysis reactions use two ATP molecules, but produce four, resulting in a net gain of two ATP.

3. Glycolysis occurs in the cytoplasm of the cell.

Formation of Acetyl Coenzyme A:

1. Pyruvic acid is prepard for entrance into the tricarboxylic acid cycle (Kreb's cycle)by conversion to a two-carbon compound (acetyl group) followed by the addition of coenzyme A (CoA) to form acetyl coenzyme A (acetyl CoA).  

2. Coenzyme A is derived from pantothenic acid, a B vitamin.

Tricarboxylic Acid Cycle (TCA):

1. Also called the Kreb's cycle or Citric Acid Cycle.

2. The TCA is a series of biochemical reactions that occurs in the matrix of mitochondria.

3. A large amount of chemical potential energy stored in intermediate substances derived from pyruvic acid is released step by step.

4. The TCA cycle involves decarboxylations, oxidations and reductions of various organic acids.

5. For every two molecules of acetyl CoA that enters the TCA cycle, 6 H+, 6 NADH and 2 FADH2 are produced by oxidation-reduction reactions and two molecules of ATP are generated.

Electron Transport System:

1. Involves a sequence of electron carrier molecules on the inner mitochondrial membrane, capable of a series of oxidation-reduction reactions.

a) As electrons are passed through the chain, there is a step-like release of energy from the electrons which is used for the generation of ATP.

b) in aerobic cellular respiration, the last electron receptor of the chain is molecular oxygen (O2).

2. The process involves a series of oxidation-reduction reactions in which the energy in NADH and FADH2 is liberated and transferred to ATP for storage.

a) This mechanism of ATP generation links chemical reactions (electrons passing along the electron chain) with pumping of hydrogen ion (H+).  

b) This process is called chemiosis.

_________________________________________________

Summary of Aerobic Cellular Respiration:

C6H12O6 + 6 O2 >>>>>> 6 CO2 + 6 H2O = 36 ATP

__________________________________________________

Note: Carbohydrate loading is the practice of eating large amounts of carbohydrates prior to an athletic endurance event such as a marathon run.  This is done to fill up the carbohydrate (glycogen) storage areas and provide additional energy for the marathon race.  Carbohydrates are the main source of energy for humans.

GLUCOSE ANABOLISM

The conversion of glucose to glycogen for storage in the liver and skeletal muscle is called glycogenesis.  The process is stimulated by insulin.

The conversion of glycogen back into glucose is called glycogenolysis.  This process occurs between meals and is stimulated by glucagon and epinephrine.

Gluconeogenesis is the conversion of protein or fat molecules into glucose.  Glycerol from fat can be converted to glyceraldehyde-3-phosphate and some amino acids may be converted to pyruvic acid.  Both of these compounds can enter the TCA cycle to provide energy.

LIPID METABOLISM

Most proteins are transported in the blood in combination with proteins as lipoproteins.  There are 4 classes of lipoproteins:

1. chylomicrons

2. VLDL's (very low density lipoproteins)

3. LDL's (low density lipoproteins)

4. HDL's (high density lipoproteins)

Chylomicrons:

Form in small intestinal mucosal cells and contain dietary lipids.  They enter villi lacteals, are carried into the systemic circulation into adipose tissue where their triglyceride fatty acids are released and stored in the adipocytes and used by muscle cells for ATP production.

VLDL's:

Are transport vehicles that carry triglycerides synthesized in hapatocytes to adipocytes for storage.

LDL's:

Carry about 75% of total blood cholesterol and deliver it to cells throughout the body.  When present in excessive numbers, LDL's deposit cholesterol in and around smooth muscle fibers in arteries.

HDL's:

Remove excess cholesterol from body cells and transport it to the liver for elimination.

NOTE:

There are two sources of cholesterol in the body:  food we eat, and liver synthesis.

For adults, desirable levels of blood cholesterol are under 200 mg/dL for total cholesterol; LDL under 130 mg/dL; and HDL over 40 mg/dL.  Normally, triglycerides are in the range of 10-190 mg/dL.

Exercise, diet and drugs may be used to reduce blood cholesterol levels.

Fate of Lipids:

Some lipid may be oxidized to produce ATP, where each unit of lipid produces TWICE the amount of ATP as an equivalent unit of carbohydrate.

Some lipids are stored in adipose tissue.

Other lipids are used as structural molecules or to synthesize essential molecules.  Examples include phospholipids of cell membranes, lipoproteins that transport cholesterol, and cholesterol used to synthesize bile salts and steroid hormones.

Triglyceride Storage:

Triglycerides are stored in adipose tissue, mostly in the subcutaneous layer.

Adipose cells contain lipases that hydrolyze fats into glycerol and fatty acids.

LIPID ANABOLISM: Lipogenesis

Lipogenesis = the conversion of glucose or amino acids into lipids.

LIPID CATABOLISM: Lipolysis

Lipolysis = triglycerides are split into fatty acids and glycerol.  

As a part of normal fatty acid catabolism, ketone bodies are formed.

An excess of ketone bodies (ketosis), may cause acidosis or abnormally low blood pH.

PROTEIN METABOLISM

During digestion, proteins are hydrolyzed into amino acids, which are then absorbed by the capillaries of villi and enter the liver via the hepatic portal vein.

Amino acids, under the influence of human growth hormone and insulin, enter the body cells by active transport.

Inside cells, amino acids are synthesized into protein that function as enzymes, transport molecules, antibodies, clotting chemicals, hormones, contractile elements in muscle fibers and structural elements such as hair.  They may also be stored as fat or glycogen or used for energy.

Protein Catabolism:

Before amino acids can be catabolized, they must be converted to substances that can enter the TCA cycle.  These conversions involve deamination, decarboxylation, and hydrogenation.

Amino acids can be converted into glucose, fatty acids and ketone bodies.

Protein Anabolism:

Involves the formation of peptide bonds between amino acids to produce new proteins.

Protein synthesis is stimulated by human growth hormone, thyroxine, and insulin.

Protein synthesis is carried out on the ribosomes of almost every cell in the body, directed by the cells' DNA and RNA.

Of the 20 amino acids in your body, 10 are referred to as "essential" amino acids.  These amino acids cannot be synthesized by the human body from molecules present within the body. Foods containing these amino acids are "essential" for human growth and must be part of the diet.

Nonessentail amino acids CAN be synthesized by body cells by a process called transamination.  Once the appropriate essential and nonessential amino acids are present in cells, protein synthesis occurs rapidly.

METABOLISM DURING FASTING OR STARVATION

Fasting means going without food for many hours or a few days.  Starvation implies weeks or months of food deprivation or inadequate food intake.

Catabolism of stored triglycerides and structural proteins can provide energy for several weeks.

The amount of adipose tissue determines the lifespan possible without food.  The average person has a 1-2 month energy reserve in adipose tissue.

Initially, during fasting and starvation glucose is used for ATP production.  During prolonged fasting, large amounts of amino acids from tissue protein breakdown (primarily skeletal muscle) are released to be converted to glucose in the liver by gluconeogenesis.

Ketogenesis increases as catabolism of fatty acids rises.  The presence of ketones reduces the use of glucose for ATP production which in turn decreases the demand for gluconeogenesis and slows the catabolism of muscle proteins.

HEAT AND ENERGY BALANCE

Normal body temperature is maintained by a homeostatic balance between heat-producing and heat-losing mechanisms.

Metabolic Rate = overall rate at which heat is produced

Basal Metabolic Rate (BMR) = measurement of the metabolic rate under basal conditions

BMR is the measure of the rate at which the quiet, resting, fasting body breaks down nutrients to liberate energy

BMR is also a measure of how much thyroxine the thyroid gland is producing, since thyroxine regulates the rate of ATP use and is not a controllable factor under basal conditions.

Heat is a form of kinetic energy that can be measured as temperature and expressed in units called calories.  A calorie is the amount of heat energy required to raise the temperature of 1 gram of water from 14 degrees C to 15 degrees C.

Body Temperature Homeostasis:

If the amount of heat production equals the amount of heat loss, a human maintains a constant core temperature of 98.6 degrees F, (37 degrees C).

Core temperature refers to the body's temperature in body structures below the skin and subcutaneous tissue.

Shell temperature refers to the body's temperature at the surface (skin and subcutaneous tissue).

Too high a core temperature kills by denaturing proteins.

Too low a core temperature causes cardiac arrhythmias that can result in death.

Heat Production:

Is influenced by metabolic rate and responses that occur when body temperature starts to fall.

Factors that affect metabolic rate include exercise, hormones, the nervous system, body temperature, ingestion of food, age, gender, climate, sleep, and malnutrition.

Heat conservation mechanisms include vasoconstriction, sympathetic stimulation, skeletal muscle contraction (shivering), and thyroid hormone production.

The hypothalamus is involved in thermoregulation and several negative feedback loops are involve in raising or lowering body temperature when it is too low or too high.

REGULATION OF FOOD INTAKE

Two centers in the hypothalamus related to regulation of food intake are the feeding (hunger) center and the satiety center.  The feeding center is constantly active but can be inhibited by the satiety center.

Stimuli that affect the feeding and satiety centers are: glucose, amino acids, lipids, body temperature, distention of the GI tract and the hormone cholecystokinin (CCK).

VITAMINS

Vitamins are organic nutrients that maintain growth and normal metabolism.  Many function in enzyme systems as coenzymes.

Most vitamins cannot be synthesized by the body, and no single food contains all of the required vitamins.

Two groups:

1. Fat soluble = are emulsified into micelles and absorbed along with ingested dietary fats by the small intestine.  They are stored in cells, especially liver cells, and include vitamins A, D, E, and K.

2. Water soluble = are absorbed along with water in the GI tract and dissolve in the body fluids.  Excess quantities of these vitamins are excreted in the urine. The body does not store water-soluble vitamins well. They include the B vitamins and vitamin C.

Vitamins C, E and beta carotene are termed antioxidant vitamins because they inactivate oxygen free radicals in cells.  See pages 929-930.

____________________________________
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