
“Introduction to Health and Nutrition Sciences”.

In Section 1 of this course you will cover these topics:
The Role Of Nutrition In Our Health

Designing A Healthful Diet

The Human Body: Are We Really What We Eat?

Carbohydrates: Bountiful Sources Of Energy And Nutrients

Topic : The Role Of Nutrition In Our Health

Topic Objective:

At the end of the topic student will be able to understand:

 What Is Nutrition?

 Why Is Nutrition Important?

 What Are Nutrients?

 Vitamins assist in the regulation of biological processes

Definition/Overview:

The topic contains that the nutrition is the science of food and how food nourishes the body

and impacts health. Because of its importance to wellness, nutrition has been included in the

national health promotion and disease prevention plan known as Healthy People 2010. The

six essential nutrients found in the foods we eat are carbohydrates, fats, proteins, vitamins,

minerals, and water. Although only carbohydrates, fats, and proteins provide energy, all of

the nutrients have specific roles critical to human growth and function. The Dietary

Reference Intakes (DRIs) are reference standards for nutrient intakes for healthy people in the

United States and Canada, and should be used for dietary planning. Malnutrition occurs when

a persons nutritional status is out of balance. Nutrition assessment includes a physical

examination, health-history, dietary intake, and anthropometric measurements. Malnutrition

and nutritional deficiencies can be discovered through nutrition assessment. Careers in

nutrition include working as a dietitian, in food and nutrition services, in community or

public health, as a sports nutritionist, or as a nutrition researcher. Good sources of reliable
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nutrition information include individuals who are registered dietitians, licensed dietitians, or

people who hold an advanced degree in nutrition. In addition, there are many government

health agencies that offer reliable information related to nutrition, as well as other areas of

health and wellness. The Nutrition Debate addresses research studies and how to evaluate

them.

Key Points:

1. What Is Nutrition?

Nutrition is the science that studies food and how food nourishes our bodies and influences

our health. Nutrition is a relatively new scientific discipline compared to other sciences.

2. Why Is Nutrition Important?

Nutrition is one of several factors contributing to wellness. Wellness is a multidimensional,

lifelong process that includes physical, emotional, and spiritual health.

A healthful diet can prevent some diseases and reduce your risk for others. Nutrient

deficiencies can cause serious illnesses. A healthful diet can reduce risk for chronic diseases.

Healthy People 2010 include nutrition-related goals for the United States. One goal is to

increase quality and years of healthy life. A second goal is to eliminate health disparities.

3. What Are Nutrients?

Nutrients are chemicals found in foods that are critical to human growth and function.

Essential nutrients have specific biologic functions and cannot be produced n adequate

amounts by the body. Organic nutrients contain carbon and include carbohydrate, protein,

lipids, and vitamins. Inorganic nutrients do not contain carbon and include minerals and

water. Carbohydrates, lipids, and proteins are nutrients that provide energy. Energy nutrients

are referred to as macronutrients. The only nutrients that provide energy are the

macronutrients. Alcohol is also a source of energy, but it is not a nutrient. Energy is

expressed in units of kilocalories (kcal). Carbohydrates and protein provide 4 kcal per gram.

Alcohol provides 7 kcal per gram. Lipids provide 9 kcal per gram. Carbohydrates are a
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primary fuel source especially for neurological function and activity. Sources of carbohydrate

include grains, vegetables, fruits, legumes, dairy products, seeds, and nuts.

Lipids provide energy and other essential nutrients. Lipids contain proportionally less oxygen

and water than do carbohydrates, which results in a higher energy yield per gram.

Triglycerides are an important energy source for our bodies at rest and during low-intensity

exercise. Foods that contain lipids are important sources of fat-soluble vitamins and essential

fatty acids. Solid fats include butter, lard, and margarine. Liquid fats include vegetable oils.

Cholesterol is a form of lipid that is synthesized in our body, but canalso be consumed in the

diet. Proteins support tissue growth, repair, and maintenance. a. Building blocks of protein

are amino acids, which all contain nitrogen. Proteins can provide energy, but are not a

primary source. Proteins play a major role in growth, structural repair, and maintenance by

assisting in regulating metabolism and fluid balance. Sources of protein include meat and

dairy products, and, to a lesser extent, vegetables, whole grains, seeds, nuts, and legumes.

4. Vitamins assist in the regulation of biological processes

Vitamins are organic compounds needed in relatively small amounts and are classified as

micronutrients. Vitamins play a role in building and maintaining bones, muscles, the immune

system, and the eyes. Vitamins are essential to healthy blood, nerve function, and energy

utilization. Fat-soluble vitamins are stored in the body. Recommended intakes are not

required on a daily or weekly basis. Consuming large amounts can result in toxic levels.

Low-fat diets and decreased absorption can lead to deficiencies. Fat-soluble vitamins are

found in a variety of fat-containing foods such as meats, dairy products, vegetable oils,

avocados, nuts, and seeds.

Topic : Designing A Healthful Diet

Topic Objective:

At the end of the topic student will be able to understand:

 Healthful Ways
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 Dietary Guidelines

 Three Keys to a Healthful Diet

 Design a Healthful Diet

 Healthful Diet

Definition/Overview:

The topic contains a healthful diet provides the proper combination of energy and nutrients

and has four characteristics: it is adequate, moderate, balanced, and varied. There are many

tools that can be used to help design a healthful diet. The Nutrition Facts Panel on food labels

provides valuable information to assist individuals in choosing more healthful foods. The

Dietary Guidelines for Americans are a set of principles developed by the U.S. Department of

Agriculture (USDA) and the U.S. Department of Health and Human Services (USDHHS) to

assist Americans in designing a healthful diet and lifestyle. The USDA has also developed

MyPyramid, which can be used to design a healthful diet that meets the goals of adequacy,

moderation, balance, variety, and nutrient density. Although MyPyramid provides guidelines

based on age, gender, and activity, it still has limitations and variations for ethnic and cultural

diversity are available only in the former Food Guide Pyramid format. Although there is no

single diet that is right for all individuals, there are a few that seem to improve health for a

majority of people. The 5-A-Day for Better Health Program and the DASH diet are two such

plans. The Exchange System is another tool that can be used to plan a healthful diet.

Originally developed for use among diabetics, this system closely monitors caloric intake and

the nutrients that provide energy: carbohydrates, fats, and proteins. Eating out is challenging

due to the large portion sizes and high fat and sodium content of many restaurant meals.

However, healthful choices can be made by becoming educated. The Nutrition Debate

addresses the question: Does the 2005 USDA MyPyramid help us find the perfect diet?

Key Points:

1. Healthful Diet

A healthful diet is adequate. An adequate diet provides enough energy, nutrients, and fiber to

maintain health. A healthful diet is moderate. A healthful diet is balanced. A healthful diet is

varied.
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2. Design a Healthful Diet

Reading food labels can be easy and helpful. Five components must be included on food

labels. A statement of identity tells us what the product is. The net contents of the package

describe the quantity of food in the entire package. The ingredient list provides a list of all

ingredients in descending order by weight. The name and address of the food manufacturer,

packer, or distributor is useful to get more detailed information about a product. Nutrition

information is the primary tool to assist an individual in choosing healthful foods.

3. Three Keys to a Healthful Diet

It is great to pay attention to your diet and calories, read food labels and read the newspaper

for the latest nutrition news. Research continues to show a healthful diet can prevent chronic

diseases and promote health.

 Achieve a Balanced Diet: Strive for a well-balanced diet that meets your nutrient needs to

prevent deficits or excess and pack it with a variety of foods you enjoy. There is more than

one way you can achieve a healthy diet.

 Cheat Your Diet: Having dessert every once in a while is not going to ruin your diet.

Cheating is fine so long as you find your healthy balance. Even people who have diabetes can

eat sweets occasionally. When consumed in moderation in the appropriate portion size, all

foods can fit into a healthful diet.

 Get Real: Lose 30 pounds in one month! Lose your belly fat without exercise! If only it were

that easy But its not impossible! Talk to a registered dietitian for the facts that can put you on

the road to nutritional health for a lifetime.

4. Dietary Guidelines

Dietary Guidelines for Americans are a set of principles developed by the USDA and

USDHHS to assist Americans in designing a healthful lifestyle are:

 The guidelines promote adequate nutrient intake while staying within energy needs.

 Key recommendations promote maintenance of a healthy body weight through balance of

calories consumed and calories expended.

 Physical activity is recommended to promote health and body weight.
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 The foods that are encouraged include a variety of fruits and vegetables, at least three ounces

of whole grains, and three servings of low-fat dairy.

 The guidelines encourage moderate intake of healthy fats while limiting saturated fat, trans

fat, and cholesterol.

 A diet high in nutrient-rich and fiber-rich carbohydrates but limited I sugary or starchy foods

is encouraged.

 To maintain health, key recommendations promote lower sodium, higher

 potassium choices.

 The recommendation to drink alcohol in moderation highlights those

 people who should refrain from drinking.

 A healthful diet is safe from food-borne illness according to the guidelines

5. Healthful Ways

There are healthful ways to eat out.

 Choose more nutrient-dense, lower fat menu items.

 Choose smaller portions, whole grains, and leaner meat options.

 At sit-down restaurants choose lite menu items if available and practice wise selection of

restaurants and healthier choices.

Topic : The Human Body: Are We Really What We Eat?

Topic Objective:

At the end of the topic student will be able to understand:

 Constipation and Diarrhea

 Lactose Intolerance

 Gallstones

 Vomiting

 Pathophysiology of the GI Tract Ulcers

 Motility and Defecation

 Large Intestine
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 Small Intestine

 Bile Secretion

 Pancreatic Secretions

 Mouth, Pharynx, and Esophagus

 Phases of GI control

 Hormonal Regulation

 Neural Regulation of the GI tract

 Regulation of GI Processes

 Vitamins

 Fat

 Protein

 Carbohydrate

 Digestion and Absorption

 Structure of GI Tract Wall

 Functions of GI organs

 - The Human Physiology

 Digestion and Absorption of Food

 Elimination

 Absorption

 Invasive digestion

 Digestive systems

 Digestion

 Behavioral response

 Biological mechanisms

 Hunger pangs

 Hunger

 Sensor

 Effector

 Regulation

 Appetite

www.bsscommunitycollege.in   www.bssnewgeneration.in  www.bsslifeskillscollege.in

7
www.onlineeducation.bharatsevaksamaj.net        www.bssskillmission.in

WWW.BSSVE.IN



Definition/Overview:

The topic contaisn that there are a number of factors that stimulates us to eat, such as our

senses of sight, smell, and taste. Appetite is a psychological desire to consume. Hunger is

considered a more basic physiological sensation that prompts us to eat. Several factors affect

hunger and satiation, including the hypothalamus, hormones, and the amount and type of

food we eat. Foods with fiber, water, and protein have the highest satiety value. The primary

goal of digestion is to break food into molecules small enough to be transported throughout

the body. When we eat, the food we consume is digested, the useful nutrients absorbed, and

the waste products eliminated. Digestion begins in the mouth with mechanical breakdown of

food by chewing and the beginning of carbohydrate digestion. Food travels to the stomach

through the esophagus via peristalsis. Protein and a small amount of fat digestion begins in

the stomach as the food is mixed with gastric juices. The partially digested food, known as

chyme, is periodically released by the stomach into the small intestine. Most digestion and

absorption occurs in the small intestine. The large intestine digests any remaining food

particles, absorbs water and chemicals, and moves feces to the rectum for elimination.

Enzymes guide the digestion of food and hormones regulate digestion. Accessory organs

such as the pancreas, gallbladder, and liver assist with digestion and absorption, as well. The

large surface area of the small intestine maximizes the four types of absorption. The

neuromuscular system involves coordination of the muscles, the central nervous system, and

the enteric nervous system to move food along the GI tract and to control all aspects of

digestion, absorption, and elimination. A number of disorders can affect the GI tract.

Heartburn or gastroesophageal reflux disease can occur when hydrochloric acid (HCl) flows

back into the esophagus. An ulcer is an area of the GI tract that has been eroded away by a

combination of HCl and pepsin and results in a burning pain in the abdominal area and is

typically caused by the bacteria, Heliobacter pylori. A food allergy is an allergic reaction to

food by the immune system. Food intolerance is gastrointestinal discomfort caused by foods,

but that is not a result of an immune system reaction. People with celiac disease cannot eat

foods containing gluten. Crohns disease and ulcerative colitis are similar in symptoms and

damage to the lining of the GI tract, but
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Key Points:

1. Appetite

The appetite is the desire to eat food, felt as hunger. Appetite exists in all higher lifeforms,

and serves to regulate adequate energy intake to maintain metabolic needs. It is regulated by a

close interplay between the digestive tract, adipose tissue and the brain. Decreased desire to

eat is termed anorexia, while polyphagia (or "hyperphagia") is increased eating. Disregulation

of appetite contributes to anorexia nervosa, bulimia nervosa, cachexia, overeating, and binge

eating disorder.

2. Regulation

The regulation of appetite has been the subject of much research in the last decade.

Breakthroughs included the discovery, in 1994, of leptin, a hormone that appeared to provide

negative feedback. Later studies showed that appetite regulation is an immensely complex

process involving the gastrointestinal tract, many hormones, and both the central and

autonomic nervous systems.

3. Effector

The hypothalamus, a part of the brain, is the main regulatory organ for human appetite. The

neurons that regulate appetite appear to be mainly serotonergic, although neuropeptide Y

(NPY) and Agouti-related peptide (AGRP) also play a vital role. Hypothalamocortical and

hypothalamolimbic projections contribute to the awareness of hunger, and the somatic

processes controlled by the hypothalamus include vagal tone (the activity of the

parasympathetic autonomic nervous system), stimulation of the thyroid (thyroxine regulates

the metabolic rate), the hypothalamic-pituitary-adrenal axis and a large number of other

mechanisms.

4. Sensor

The hypothalamus senses external stimuli mainly through a number of hormones such as

leptin, ghrelin, PYY 3-36, orexin and cholecystokinin; all modify the hypothalamic response.

They are produced by the digestive tract and by adipose tissue (leptin). Systemic mediators,

such as tumor necrosis factor-alpha (TNFα), interleukins 1 and 6 and corticotropin-releasing
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hormone (CRH) influence appetite negatively; this mechanism explains why ill people often

eat less.

In addition, the biological clock (which is regulated by the hypothalamus) modifies hunger.

Processes from other cerebral loci, such as from the limbic system and the cerebral cortex,

project on the hypothalamus and modify appetite. This explains why in clinical depression

and stress, energy intake can change quite drastically.

5. Hunger

Hunger is a feeling experienced when one has a desire to eat. The often unpleasant feeling

originates in the hypothalamus and is released through receptors in the liver. Although an

average nourished individual can survive weeks without food intake, the sensation of hunger

typically begins after a couple of hours without eating and is generally considered quite

uncomfortable. The sensation of hunger can often be alleviated and even mitigated entirely

with the consumption of food. Hunger is also the most commonly used term to describe the

social condition of people who frequently experience, or live with the threat of experiencing,

the physical sensation of hunger.

6. Hunger pangs

When hunger contractions start to occur in the stomach, these are commonly referred to as

hunger pangs (less commonly as hunger pains). Hunger pangs usually do not begin until 12 to

24 hours after the last ingestion of food. A single hunger contraction lasts about 30 seconds,

and pangs continue for around 30-45 minutes, then hunger subsides for around 30-150

minutes. Individual contractions are separated at first, but are almost continuous after a

certain amount of time. Emotional states (anger, joy etc.) may inhibit hunger contractions.

Levels of hunger are increased by lower blood sugar levels, and are higher in diabetics. They

reach their greatest intensity in 3 to 4 days and may weaken in the succeeding days, though

hunger never disappears. Hunger contractions are most intense in young, healthy people who

have high degrees of gastrointestinal tonus. Periods between contractions increase with old

age.
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7. Biological mechanisms

The fluctuation of leptin and ghrelin hormone levels results in the motivation of an organism

to consume food. When an organism eats, adipocytes trigger the release of leptin into the

body. Increasing levels of leptin results in a reduction of one's motivation to eat. After hours

of non-consumption, leptin levels drop significantly. These low levels of leptin cause the

release of secondary hormone, ghrelin, which in turn reinitiates the feeling of hunger.

Some studies have suggested that an increased production of ghrelin may enhance appetite

evoked by the sight of food, while an increase in stress may also influence the hormone's

production. These findings may help to explain why hunger can prevail even in stressful

situations.

8. Behavioral response

Hunger appears to increase activity and movement in many animals - for example, an

experiment on spiders showed increased activity and predation in starved spiders, resulting in

larger weight gain. This pattern is seen in many animals, including humans while sleeping. It

even occurs in rats with their cerebral cortex or stomachs completely removed. Increased

activity on hamster wheels occurred when rats were deprived not only of food, but also water

or B vitamins such as thiamine This response may increase the animal's chance of finding

food, though it has also been speculated the reaction relieves pressure on the home

population.

9. Digestion

Digestion is the mechanical and chemical breaking down of food into smaller components, to

a form that can be absorbed, for instance, by a blood stream. The process finishes with

defecation. The food enters the mouth, being chewed by teeth, and broken down by the saliva

from the glands. Then it travels down the esaphogas into the stomach. Acids break down

most of the food. The 'leftovers' go through your small intestine, through your large intestine,

and comes out as waste. Digestion is a form of catabolism.
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10. Digestive systems

Digestive systems take many forms from simply secreting biotoxins and digestives into the

extracellular environment prior to ingestion. Once potential nutrients or food is inside the

organism, digestion can be conducted in the cytoplasm, in a vesicle or a sac-like structure,

through a tube, or through several specialized organs aimed at making the absorption of

nutrients more efficient.

11. Invasive digestion

A virus floating around an enclosed space with possible host cells faces a large hurdle, the

thermodynamics of diffusion. Because neutrally charged objects do not naturally clump

around each other, the virus must find a way to move even near a host cell. It does this by

attachment or adsorption. Viruses use attachments (a specific binding between viral capsid

proteins and receptors on host cell surface) to induce the viral-envelope protein to produce

the fusion of viral and cellular membranes. The cell membrane is then (1) punctured and an

opening is established, (2) the host cell is induced to endocytose the virus, and the resulting

vacuole is either punctured or digested, or (3) some portion of the host plasma membrane,

cell wall or capsule is digested. The viral capsid or genome is injected into the host cell's

cytoplasm. Once inside it activates the formation of proteins to take control of the host cell so

that its genome directed.

12. Absorption

The digested food can now pass into the blood vessels in the wall of the intestine. This

process is called absorption. The inner walls of the small intestine have thousands of finger-

like outgrowths called villi (singular villus). The villi increase the surface area for absorption

of the digested food. Each villus has a network of thin and small blood vessels close to its

surface. The surface of the villi absorbs the digested food materials. The absorbed substances

are transported via the blood vessels to different organs of the body where they are used to

build complex substances such as the proteins required by our body. This is called

assimilation. The food that remains undigested and unabsorbed passes into the large intestine.

The digestion of proteins into peptides and amino acids principally occurs in the stomach but

some also occurs in the small intestine.

www.bsscommunitycollege.in   www.bssnewgeneration.in  www.bsslifeskillscollege.in

12
www.onlineeducation.bharatsevaksamaj.net        www.bssskillmission.in

WWW.BSSVE.IN



13. Elimination

In biology elimination refers to the removal of undigested or unchanged materials from the

body. It is different from excretion because excreted materials are metabolic wastes and by-

products. Cellulose or dietary fibre is an example of material that is eliminated but not

excreted.

14. Digestion and Absorption of Food

The gastrointestinal (GI) system includes the gastrointestinal tract (mouth, pharynx,

esophagus, stomach, small intestine, large intestine) and accessory organs (salivary gland,

liver, gallbladder, and pancreas) that secrete substances into the tract via connecting ducts.

GI system breaks down particles of ingested food into molecular forms by enzymes

(digestion) that are then transferred to the internal environment (absorption).

15. The Human Physiology

The gastrointestinal (GI) system includes the gastrointestinal tract (mouth, pharynx,

esophagus, stomach, small intestine, large intestine) and accessory organs (salivary gland,

liver, gallbladder, pancreas) that secrete substances into the tract via connecting ducts.

GI system breaks down particles of ingested food into molecular forms by enzymes

(digestion) that are then transferred to the internal environment (absorption).

16. Functions of GI organs

The GI tract begins at the mouth, where digestion begins with chewing. Saliva containing

mucus and the enzyme amylase is secreted from 3 pairs of salivary glands, located in the

head. Mucus moistens the food and amylase partially digests polysaccharides (starches).

Food then reaches the stomach through the pharynx and esophagus.

The stomach is the sac that stores and digests food macromolecules into a solution called

chyme. Glands lining the stomach secrete hydrochloric acid that dissolves food particles and

protein-digesting enzymes, called pepsin. Final stages of digestion and most of the nutrient

absorption occurs in next portion of the tract: the small intestine. The small intestine is

divided into 3 segments - duodenum, jejunum, and ileum. The pancreas is a gland located
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behind the stomach. From its exocrine portion it secretes (1) digestive enzymes and (2) a

fluid rich in HCO3-ions to neutralize the acid from stomach. The liver secretes bile. Bile

contains HCO3- ions and bile salts to solubilize fats. Bile reaches the gall bladder through

hepatic ducts and is stored in the gall bladder between meals. During a meal, bile is secreted

from the gland by smooth muscle contraction and reaches the duodenum portion of the small

intestine by the common bile duct. Monosaccharides, amino acids and mineral salts are

absorbed by transporter-mediated processes while fatty acid water diffuse passively.

Undigested material is passed to large intestine, where it is temporarily stored and

concentrated by reabsorption of salts and water. Finally, contractions of rectum, the last part

of large intestine, expel the feces through the anus.

17. Structure of GI Tract Wall

The luminar surface is covered by a single layer of epithelium containing exocrine and

endocrine cells. The exocrine cells disintegrate and discharge into the lumen, releasing their

enzymes. The epithelia with an underlying layer of connective tissue (lamnia propia) and

muscle (muscularis mucosa) are called mucosa. Below the mucosa is a layer of inner circular

and outer longitudinal smooth muscle called muscularis externa, which provides the forces

for moving and mixing the GI contents. The outermost layer of the tube is made up of

connective tissue called serosa. The luminar surface of the tube is highly convoluted into

projections called villi and microvilli; both of which increase total surface area for

absorption. The center of each villus has a single blunt-ended lymphatic vessel called lacteal.

Venous drainage from the intestine transports absorbed materials to the liver for processing

via the hepatic portal vein.

18. Digestion and Absorption

The gastrointestinal (GI) system includes the gastrointestinal tract (mouth, pharynx,

esophagus, stomach, small intestine, large intestine) and accessory organs (salivary gland,

liver, gallbladder, pancreas) that secrete substances into the tract via connecting ducts.

GI system breaks down particles of ingested food into molecular forms by enzymes

(digestion) that are then transferred to the internal environment (absorption).
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19. Carbohydrate

Digestion begins in the mouth by salivary amylase and completed in the small intestine by

pancreatic amylase. Monosaccharides, such as glucose, galactose and fructose, are produced

by the breakdown of polysaccharides and are transported to the intestinal epithelium by

facilitated diffusion or active transport. Facilitated diffusion moves the sugars to the

bloodstream.

20. Protein

Proteins are broken down to peptide fragments by pepsin in the stomach, and by pancreatic

trypsin and chemotrypsin in the small intestine. The fragments are then digested to free

amino acids by carboxypeptidase from the pancreas and aminopeptidase from the intestinal

epithelium. Free amino acids enter the epithelium by secondary active transport and leave it

by facilitated diffusion. Small amounts of intact proteins can enter interstitial fluid by endo-

and exocytosis.

21. Fat

Fat digestion occurs by pancreatic lipase in small intestine. A monoglyceride and two fatty

acids are produced in the digestive process. Large lipid droplets are first broken down into

smaller droplets, by a process called emulsification. Emulsification is driven by mechanical

disruption (by contractile activity of GI tract) and emulsifying agents (amphipathic bile salts).

Pancreatic colipase binds the water-soluble lipase to the lipid substrate.

Digested products and bile salts form amphipathic micelles. These micelles keep the

insoluble products in soluble aggregates from which small amounts are released and absorbed

by epithelial cells via diffusion. Free fatty acids and monoglycerides then recombine into

triacylglycerols at the smooth ER, are processed further in the Golgi and enter the interstitial

fluid as droplets called chylomicrons, which are then taken up by the lacteals in the intestine.

22. Vitamins

Fat-soluble vitamins are absorbed and stored along with fats. Most water-soluble vitamins are

absorbed by diffusion or mediated transport. Vitamin B12, because of its large size and
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charged nature, first binds to a protein, called intrinsic factor, which is secreted by the

stomach epithelium, and is then absorbed by endocytosis.

23. Water

The stomach absorbs some water but most is absorbed at small intestine by diffusion.

24. Regulation of GI Processes

Control mechanisms of the GI system regulate conditions in the lumen of the tract. Reflexes

are initiated by:

 Distension of wall by volume of luminal contents

 Chyme osmolarity

 Chyme pH

 Chyme concentrations of specific products.

25. Neural Regulation of the GI tract

Impulses to the GI muscles and exocrine glands are supplied by enteric nervous system, the

local nervous system of GI tract, which allows local, short reflexes, independent of CNS.

Long reflexes through the CNS are possible via sympathetic and parasympathetic nerves,

which also innervate the GI tract.

26. Hormonal Regulation

Endocrine cells are scattered throughout GI epithelia and surface of these cells is exposed to

the lumen. Chemical substances in the chyme stimulate them to release hormones into blood.

27. Phases of GI control

Each phase is named according to where the receptor for a reflex is located. These phases do

not occur in temporal sequence.

 The cephalic phase is initiated when sight, smell, taste, chewing, and emotional states

stimulate receptors in the head. Reflexes mediated by sympathetic and parasympathetic fibers

activate secretory and contractile activity.

www.bsscommunitycollege.in   www.bssnewgeneration.in  www.bsslifeskillscollege.in

16
www.onlineeducation.bharatsevaksamaj.net        www.bssskillmission.in

WWW.BSSVE.IN



 The gastric phase is initiated by distension, acidity, and the presence of amino acids and

peptides in the stomach. This phase is mediated by short and long reflexes and activates the

secretion of gastrin.

 The intestinal phase is initiated by distension, acidity, osmolarity of digestive products in

intestine and is mediated by GI hormones and short and long neural reflexes.

28. Mouth, Pharynx, and Esophagus

Chewing is controlled by somatic nerves to the skeletal muscles and the reflex activation of

mechanoreceptors on the palate, gums and tongue. Autonomic nerves in response to

chemoreceptors and pressure receptors in mouth stimulate saliva secretion. Swallowing is

mediated by pressure receptors on walls of pharynx, which send impulses to the swallowing

center in the medulla oblongata. The center activates muscles in the pharynx and esophagus.

Multiple responses occur in a temporal sequence. The palate is elevated to prevent food from

entering the nasal cavity, respiration is inhibited and the epiglottis covers the glottis to

prevent food from entering trachea (windpipe). The upper esophageal sphincter opens and

food enters the esophagus and moves toward the stomach by muscle contractions called

peristaltic waves. Food then moves to the stomach when the lower esophageal sphincter

opens. A less efficient, or faulty, lower esophageal sphincter results in the reflux of gastric

contents into the esophagus (gastro-esophageal reflux), this reversal results in heartburn and

over time contributes to ulceration of esophagus.

Epithelium lining the stomach invaginates into the mucosa, forming tubular glands. Parietal

(oxyntic) cells secrete acid and intrinsic factor and chief cells secrete pepsinogen. Also

scattered throughout are enterochromaffin-like (ECL) cells, which secrete histamine, and

other cells that secrete somatostatin. The antrum, a lower portion of the stomach, secretes

gastrin. Increased protein content in a meal stimulates release of gastrin and histamine, which

in turn stimulates HCl secretion. Somatostatin inhibits acid secretion by inhibiting the release

of gastrin and histamine. Enterogastones in the duodenum also inhibit gastric acid secretion.

The precursor pepsinogen, which is produced by chief cells, is converted to pepsin by the

acid in the stomach.

The stomach produces peristaltic waves in response to the arrival of food. The pyloric

sphincter between the stomach and duodenum opens to release small amounts of chyme into

the duodenum with each wave. These waves are generated by pacemaker cells in the
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longitudinal smooth muscle layer and are spread out by gap junctions. Gastrin, distension of

stomach etc. stimulate gastric motility while distension of duodenum inhibits it.

29. Pancreatic Secretions

Inactive trypsinogen is secreted by pancreas and is later converted by the intestinal enzyme

enterokinase to active trypsin, which digests proteins. Pancreatic amylase and lipase are

secreted in active forms. The pancreas also secretes bicarbonate ions.

Secretion of pancreatic enzymes is stimulated by cholecystokinin (CCK), the secretion of

which is triggered by the detected presence of fatty acids and amino acids in the small

intestine. The secretion of bicarbonate ions is stimulated by secretin, which is triggered by

acidity in small intestine.

30. Bile Secretion

Bile contains bile salts, which solubilize fats, and bicarbonate ions, which in turn are used to

neutralize stomach acids. Bile salts, secreted by hepatocytes (liver cells) enter the GI tract and

are reabsorbed by transporters in the intestine and are returned to the liver via the portal vein.

This recycling pathway is called the entero-hepatic circulation.

The sphincter of Oddi controls the entry of the bile duct into the duodenum. When the

sphincter is closed, secreted bile is shunted into the gallbladder. The presence of fat in the

intestine releases CCK, which relaxes the sphincter to discharge bile salts into the duodenum.

31. Small Intestine

The most common motion of the small intestine is stationary contraction and relaxation,

called segmentation. Segmentation results in little net movement. The chyme is mixed and

brought into contact with the intestine wall and then moved slowly toward the large intestine.

The movements are initiated by pacemaker cells in the smooth muscle layer.

After most of the materials are absorbed, segmentation is replaced by peristaltic activity

called migrating motility complex, which moves any undigested material to the large

intestine. The candidate intestinal hormone, motilin, initiates migrating motility.

32. Large Intestine
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The large intestine consists of 3 parts: the cecum, colon and rectum. The primary function is

to store and concentrate fecal material for elimination. Chyme enters the cecum through the

ileocecal sphincter, which relaxes and opens as a result of the gastroileal reflex.

Na+ is absorbed along with water. K+ and HCO3- ions are secreted into the lumen. Undigested

polysaccharides (fiber) are metabolized to short-chain fatty acids by the residing bacteria and

these are then absorbed by diffusion. A small amount of vitamin K is also produced and

absorbed. Bacterial metabolism produces a mixture of gases, called flatus.

33. Motility and Defecation

Regular contractions of the circular smooth muscle produce a slow rhythmic segmentation

movement. The undigested material moves slowly in order to provide resident bacteria time

to grow and multiply. Following a meal, there is a wave of intense contraction, called mass

movement. The internal anal sphincter is made of smooth muscle and closes the anus, while

the external anal sphincter is made of skeletal muscle and is under voluntary control. Both

sphincters regulate the anal opening and closing. Mass movement of fecal material into the

anus initiates the defecation reflex, which is mediated by mechanoreceptors. The two

sphincters open to expel the feces. If defecation is delayed, rectal contents are driven back

into colon by reverse peristalsis until the next mass movement.

34. Pathophysiology of the GI Tract Ulcers

Ulcers are eroded areas of gastric surface and breaks in the mucosal barrier, which expose the

underlying tissue to corrosive action of acid and pepsin. Damage to underlying blood vessels

may cause bleeding.

35. Vomiting

The vomit reflex results in the forceful expulsion of toxic gastric contents. This reflex is

coordinated by the vomiting center in the medulla oblongata. Various mechano- and chemo-

receptors in the stomach and elsewhere can trigger this reflex. Increased salivation, sweating,

heart rate, pallor etc. accompany the reflex. Abdominal muscles contract to raise abdominal

pressure while the lower esophageal sphincter opens and gastric contents are forced into the

esophagus (retching). If the upper esophageal sphincter opens, contents are then expelled
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from the mouth (vomiting). Excessive vomiting can lead to loss of water and salts, which will

ultimately result in dehydration.

36. Gallstones

Excessive secretion of water insoluble cholesterol in bile results in formation of crystals,

called gallstones, which can close the opening of gallbladder or the bile duct. If a stone

prevents bile from entering the intestine fat digestion and absorption decreases. If a stone

blocks the entry of the pancreatic duct, it prevents pancreatic enzymes from entering the

intestine, thus preventing the digestion of other nutrients. A blocked bile duct inhibits further

secretion of bile, resulting in accumulation of bilirubin in tissues, producing a yellowish

coloration called jaundice. Jaundice is common in newborns and is rectified by sunlight

exposure.

37. Lactose Intolerance

Lactose intolerance results from a lack of the enzyme lactase which digests lactose, the sugar

in milk. The lack of lactase results in the incomplete digestion of lactose to glucose and

galactose.

38. Constipation and Diarrhea

Constipation is the absence of defecation due to decreased motility of the large intestine. This

results in excess absorption of water from feces, making it hard to expel.

Dietary fiber, which is not digested in small intestine, can produce distension and increase

motility.

Diarrhea results from decreased fluid absorption, or increased fluid secretion resulting in

increased luminal fluid, which in turn, causes distension and increased motility. Diarrhea

results in decreased blood volume, loss of water and other nutrients.
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Topic : Carbohydrates: Bountiful Sources Of Energy And Nutrients

Topic Objective:

At the end of the topic student will be able to understand:

 Diabetes Mellitus (DM)

 Soluble and insoluble fiber

 Classification

 Nutrition

 Oligosaccharides and polysaccharides

 Disaccharides

 Use in living organisms

 Conformation

 Classification of monosaccharides

 Monosaccharides

 Carbohydrates

Definition/Overview:

The topic demonstrates that the Carbohydrates are one of the three macronutrient types that

provide energy to our bodies. They contain carbon, hydrogen, and oxygen. Simple

carbohydrates include monosaccharides such as glucose, fructose, and galactose. Ribose is a

monosaccharide produced by the body and found in genetic material of cells. Two

monosaccharides joined together by alpha or beta bonds form the disaccharides lactose,

maltose, and sucrose. Oligosaccharides are complex carbohydrates which contain three to ten

monosaccharides. Complex carbohydrates are polysaccharides. Starch is a polysaccharide

used for glucose storage in plants. Glycogen is the storage form of glucose in animals and

helps maintain blood glucose levels and provides energy during exercise. Dietary fiber forms

the support structures of plants and is nondigestible in humans. Functional fiber is

nondigestible carbohydrates extracted from plants or manufactured. Both may reduce the risk

of many diseases and digestive conditions. Carbohydrate digestion begins in the mouth and

continues in the small intestine. Specific enzymes break down polysaccharides and

disaccharides to monosaccharides. Glucose and other monosaccharides are absorbed into the
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bloodstream and travel to the liver, where nonglucose sugars are converted to glucose.

Glucose is either used by the cells for energy or is converted to glycogen and stored in the

liver and muscle for later use or stored as fat. Insulin assists with the transport of glucose into

the cells. When blood glucose levels are low, glucagon and other hormones assist in the

conversion of glycogen to glucose, gluconeogenesis, and reducing the use of glucose by

muscles and organs.

The glycemic index and glycemic load are values that indicate the potential of foods to raise

blood glucose and insulin levels. The higher the glycemic index/load, the larger the increase

in blood glucose and insulin levels, although use of these two for making dietary decisions is

controversial. All cells can use glucose as energy, but red blood cells, the brain, and the

central nervous system prefer to use glucose exclusively. Carbohydrates are an excellent

energy source during exercise, help spare body protein, prevent ketosis, and provide 4 kcal of

energy per gram. Complex carbohydrates contain fiber and other nutrients that can reduce the

risk for obesity, heart disease, and diabetes. Fiber may also reduce the risk for colon cancer,

help to prevent hemorrhoids, constipation, and diverticulosis, and may assist with weight

loss.

The RDA for carbohydrate is 130 grams per day and the AMDR is 45 to 65% of total energy

intake. Added sugarssugars and syrups added to foods during processingshould comprise less

than 25% of daily total energy intake because they can cause tooth decay, elevate

triglycerides and LDLs, and contribute to obesity. The Adequate Intake for fiber is 25 grams

per day for women and 38 grams for men. Foods high in fiber and complex carbohydrates

include whole grains and cereals, fruits, vegetables, and legumes. Alternative sweeteners can

be used in place of sugar to sweeten foods without promoting tooth decay and contributing

Key Points:

1. Carbohydrates

Carbohydrates (from 'hydrates of carbon') or saccharides (Greekσάκχαρον, skcharon,

meaning "sugar") are the most abundant of the four major classes of biomolecules. They fill

numerous roles in living things, such as the storage and transport of energy (eg: starch,

glycogen) and structural components (eg: cellulose in plants, chitin and cartilage in animals).

Additionally, carbohydrates and their derivatives play major roles in the working process of
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the immune system, fertilization, pathogenesis, blood clotting, and development. Chemically,

carbohydrates are simple organic compounds that are aldehydes or ketones with many

hydroxyl groups added, usually one on each carbon atom that is not part of the aldehyde or

ketone functional group. The basic carbohydrate units are called monosaccharides, such as

glucose, galactose, and fructose. The general stoichiometric formula of an unmodified

monosaccharide is (CH2O)n, where n is any number of three or greater; however, not all

carbohydrates conform to this precise stoichiometric definition (eg: uronic acids, deoxy-

sugars such as fucose), nor are all chemicals that do conform to this definition automatically

classified as carbohydrates.

Monosaccharides can be linked together into what are called polysaccharides (or

oligosaccharides) in almost limitless ways. Many carbohydrates contain one or more

modified monosaccharide units that have had one or more groups replaced or removed. For

example, deoxyribose, a component of DNA, is a modified version of ribose; chitin is

composed of repeating units of N-acetylglucosamine, a nitrogen-containing form of glucose.

While the scientific nomenclature of carbohydrates is complex, the names of carbohydrates

very often end in the suffix -ose.

2. Monosaccharides

D-glucose is an aldohexose with the formula (CH2O)6. The red atoms highlight the aldehyde

group, and the blue atoms highlight the asymmetric center furthest from the aldehyde;

because this -OH is on the right of the Fischer projection, this is a D sugar.

Monosaccharides are the simplest carbohydrates in that they cannot be hydrolyzed to smaller

carbohydrates. The general chemical formula of an unmodified monosaccharide is (CH2O)n,

where n is any number of three or greater.

3. Classification of monosaccharides

The α and β anomers of glucose. Note the position of the anomeric carbon (red or green)

relative to the CH2OH group bound to carbon 5: they are either on the opposite sides (α), or
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the same side (β). Monosaccharides are classified according to three different characteristics:

the placement of its carbonyl group, the number of carbon atoms it contains, and its chiral

handedness. If the carbonyl group is an aldehyde, the monosaccharide is an aldose; if the

carbonyl group is a ketone, the monosaccharide is a ketose. Monosaccharides with three

carbon atoms are called trioses, those with four are called tetroses, five are called pentoses,

six are hexoses, and so on. These two systems of classification are often combined. For

example, glucose is an aldohexose (a six-carbon aldehyde), ribose is an aldopentose (a five-

carbon aldehyde), and fructose is a ketohexose (a six-carbon ketone).

Each carbon atom bearing a hydroxyl group (-OH), with the exception of the first and last

carbons, are asymmetric, making them stereocenters with two possible configurations each

(R or S). Because of this asymmetry, a number of isomers may exist for any given

monosaccharide formula. The aldohexose D-glucose, for example, has the formula (CH2O)6,

of which all but two of its six carbons atoms are stereogenic, making D-glucose one of 24 =

16 possible stereoisomers. In the case of glyceraldehyde, an aldotriose, there is one pair of

possible stereoisomers, which are enantiomers and epimers. 1,3-dihydroxyacetone, the ketose

corresponding to the aldose glyceraldehyde, is a symmetric molecule with no stereocenters).

The assignment of D or L is made according to the orientation of the asymmetric carbon

furthest from the carbonyl group: in a standard Fischer projection if the hydroxyl group is on

the right the molecule is a D sugar, otherwise it is an L sugar. Because D sugars are

biologically far more common, the D is often omitted

4. Conformation

Glucose can exist in both a straight-chain and ring form. The aldehyde or ketone group of a

straight-chain monosaccharide will react reversibly with a hydroxyl group on a different

carbon atom to form a hemiacetal or hemiketal, forming a heterocyclic ring with an oxygen

bridge between two carbon atoms. Rings with five and six atoms are called furanose and

pyranose forms, respectively, and exist in equilibrium with the straight-chain form. During

the conversion from straight-chain form to cyclic form, the carbon atom containing the

carbonyl oxygen, called the anomeric carbon, becomes a chiral center with two possible

configurations: the oxygen atom may take a position either above or below the plane of the

ring. The resulting possible pair of stereoisomers are called anomers. In the αanomer, the -

OH substituent on the anomeric carbon rests on the opposite side (trans) of the ring from the

CH2OH side branch. The alternative form, in which the CH2OH substituent and the anomeric
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hydroxyl are on the same side (cis) of the plane of the ring, is called the β anomer. You can

remember that the β anomer is cis by the mnemonic, "It's always better to βe up". Because the

ring and straight-chain forms readily interconvert, both anomers exist in equilibrium.

5. Use in living organisms

Monosaccharides are the major source of fuel for metabolism, being used both as an energy

source (glucose being the most important in nature) and in biosynthesis. When

monosaccharides are not immediately needed by many cells they are often converted to more

space efficient forms, often polysaccharides. In many animals, including humans, this storage

form is glycogen, especially in liver and muscle cells. In plants, starch is used for the same

purpose.

6. Disaccharides

Sucrose, also known as table sugar, is a common disaccharide. It is composed of two

monosaccharides: D-glucose (left) and D-fructose (right). Two joined monosaccharides are

called a disaccharide and these are the simplest polysaccharides. Examples include sucrose

and lactose. They are composed of two monosaccharide units bound together by a covalent

bond known as a glycosidic linkage formed via a dehydration reaction, resulting in the loss of

a hydrogen atom from one monosaccharide and a hydroxyl group from the other. The

formula of unmodified disaccharides is C12H22O11. Although there are numerous kinds of

disaccharides, a handful of disaccharides are particularly notable.

Sucrose, pictured to the right, is the most abundant disaccharide, and the main form in which

carbohydrates are transported in plants. It is composed of one D-glucose molecule and one D-

fructose molecule. The systematic name for sucrose, O-α-D-glucopyranosyl-(1→2)-D-

fructofuranoside, indicates four things:

 Its monosaccharides: glucose and fructose

 Their ring types: glucose is a pyranose, and fructose is a furanose

 How they are linked together: the oxygen on carbon number 1 (C1) of α-D-glucose is linked

to the C2 of D-fructose.

 The -oside suffix indicates that the anomeric carbon of both monosaccharides participates in

the glycosidic bond.
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Lactose, a disaccharide composed of one D-galactose molecule and one D-glucose molecule,

occurs naturally in mammalian milk. The systematic name for lactose is O-β-D-

galactopyranosyl-(1→4)-D-glucopyranose. Other notable disaccharides include maltose (two

D-glucoses linked α-1,4) and cellulobiose (two D-glucoses linked β-1,4).

7. Oligosaccharides and polysaccharides

Amylose is a linear polymer of glucose mainly linked with α(1→4) bonds. It can be made of

several thousands of glucose units. It is one of the two components of starch, the other being

amylopectin. Oligosaccharides and polysaccharides are composed of longer chains of

monosaccharide units bound together by glycosidic bonds. The distinction between the two is

based upon the number of monosaccharide units present in the chain. Oligosaccharides

typically contain between two and nine monosaccharide units, and polysaccharides contain

greater than ten monosaccharide units. Definitions of how large a carbohydrate must be to

fall into each category vary according to personal opinion. Examples of oligosaccharides

include the disaccharides mentioned above, the trisaccharide raffinose and the tetrasaccharide

stachyose. Oligosaccharides are found as a common form of protein posttranslational

modification. Such posttranslational modifications include the Lewis and ABO

oligosaccharides responsible for blood group classifications and so of tissue incompatibilities,

the alpha-Gal epitope responsible for hyperacute rejection in xenotransplanation, and O-

GlcNAc modifications. Polysaccharides represent an important class of biological polymers.

Their function in living organisms is usually either structure or storage related. Starch (a

polymer of glucose) is used as a storage polysaccharide in plants, being found in the form of

both amylose and the branched amylopectin. In animals, the structurally similar glucose

polymer is the more densely branched glycogen, sometimes called 'animal starch'. Glycogen's

properties allow it to be metabolized more quickly, which suits the active lives of moving

animals. Cellulose and chitin are examples of structural polysaccharides. Cellulose is used in

the cell walls of plants and other organisms, and is claimed to be the most abundant organic

molecule on earth. It has many uses such as a significant role in the paper and textile

industries, and is used as a feedstock for the production of rayon (via the viscose process),

cellulose acetate, celluloid, and nitrocellulose. Chitin's structure has a similar structure, but

has nitrogen containing side branches, increasing its strength. It is found in arthropod

exoskeletons and in the cell walls of some fungi. It also has multiple uses, including surgical
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threads. Other polysaccharides include callose or laminarin, chrysolaminarin, xylan, mannan,

fucoidan, and galactomannan.

8. Nutrition

Grain products: rich sources of complex and simple carbohydrates

Carbohydrates require less water to digest than proteins or fats and are the most common

source of energy in living things. Proteins and fat are necessary building components for

body tissue and cells and are also a source of energy for most organisms.

Carbohydrates are not essential nutrients in humans: the body can obtain all its energy from

protein and fats. However, the brain and neurons generally cannot burn fat and need glucose

for energy; the body can make some glucose from a few of the amino acids in protein and

also from the glycerol backbone in triglycerides. Carbohydrate contains 3.75 and proteins 4

kilocalories per gram, respectively, while fats contain 9 kilocalories per gram. In the case of

protein, this is somewhat misleading as only some amino acids are usable for fuel. Likewise,

in humans, only some carbohydrates are usable for fuel; many monosaccharides and some

disaccharides. Other carbohydrate types can be used, but only with the assistance of gut

bacteria. Ruminants and termites can even process cellulose, which is indigestible to other

organisms. Foods high in carbohydrates include breads, pastas, beans, potatoes, bran, rice and

cereals. Most such foods are high in starch. Based on the effects on risk of heart disease and

obesity, the Institute of Medicine recommends that American and Canadian adults get

between 40-65% of dietary energy from carbohydrates. The Food and Agriculture

Organization and World Health Organization jointly recommend that national dietary

guidelines set a goal of 55-75% of total energy from carbohydrates, but only 10% directly

from sugars (their term for simple carbohydrates).

9. Classification

Carbohydrates can be classified as simple (monosaccharides and disaccharides) or complex

(oligosaccharides and polysaccharides). The term complex carbohydrate was first used in the

Senate Select Committee publication Dietary Goals for the United States, where it denoted

"fruit, vegetables and whole-grains". Dietary guidelines generally recommend that complex

carbohydrates, and such nutrient-rich simple carbohydrate sources such as fruit (glucose or
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fructose) and dairy products (lactose) make up the bulk of carbohydrate consumption. This

excludes such sources of simple sugars as candy and sugary drinks. The USDA's Dietary

Guidelines for Americans 2005 dispensed with the simple/complex distinction, instead

recommending fiber-rich foods and whole grains. The glycemic index and glycemic load

concepts have been developed to characterize food behavior during human digestion. They

rank carbohydrate-rich foods based on the rapidity of their effect on blood glucose levels.

The insulin index is a similar, more recent classification method which ranks foods based on

their effects on blood insulin levels, which are caused by glucose (or starch) and some amino

acids in food. Glycemic index is a measure of how quickly food glucose is absorbed, while

glycemic load is a measure of the total absorbable glucose in foods.

10. Soluble and insoluble fiber

Dietary fiber is the part of food that is not affected by the digestive process in the body. Only

a small amount of fiber is metabolized in the stomach and intestine, the rest passes through

the gastrointestinal tract and makes up part of the stool. There are two types of dietary fiber,

soluble and insoluble. Soluble fiber retains water and turns to gel during digestion. It also

slows digestion and nutrient absorption from the stomach and intestine. Soluble fiber is found

in foods such as oat bran, barley, nuts, seeds, beans, lentils, peas, and some fruits and

vegetables. Insoluble fiber appears to speed the passage of foods through the stomach and

intestines and adds bulk to the stool. It is found in foods such as wheat bran, vegetables, and

whole grains. Fiber is very important to a healthy diet and can be a helpful aid in weight

management. One of the best sources of fiber comes from legumes, the group of food

containing dried peas and beans.

11. Diabetes Mellitus (DM)

Diabetes mellitus is impaired insulin secretion and variable degrees of peripheral insulin

resistance leading to hyperglycemia. Early symptoms are related to hyperglycemia and

include polydipsia, polyphagia, and polyuria. Later complications include vascular disease,

peripheral neuropathy, and predisposition to infection. Diagnosis is by measuring plasma

glucose. Treatment is diet, exercise, and drugs that reduce glucose levels, including insulin

and oral antihyperglycemic drugs. Prognosis varies with degree of glucose control. There are
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2 main categories of diabetes mellitus (DM)type 1 and type 2, which can be distinguished by

a combination of features.

General Characteristics of Types 1 and 2 Diabetes Mellitus

Characteristic Type 1 Type 2

Age at onset Most commonly <

30 yr

Most commonly > 30 yr

Associated obesity No Very common

Propensity to ketoacidosis

requiring insulin treatment for

control

Yes No

Plasma levels of endogenous

insulin

Extremely low to

undetectable

Variable; may be low,

normal, or elevated

depending on degree of

insulin resistance and

insulin secretory defect

Twin concordance ≤ 50% > 90%

Associated with specific HLA-D

antigens

Yes No

Islet cell antibodies at diagnosis Yes No

Islet pathology Insulitis, selective

loss of most β

cells

Smaller, normal-appearing

islets; amyloid (amylin)

deposition is common

Prone to develop diabetic

complications (retinopathy,

nephropathy, neuropathy,

atherosclerotic cardiovascular

disease)

Yes Yes

Hyperglycemia responds to oral

antihyperglycemic drugs

No Yes, initially in many

patients

[Table 1]
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Type 1: In Type 1 DM (previously called juvenile-onset or insulin-dependent), insulin

production is absent because of autoimmune pancreatic β-cell destruction possibly triggered

by an environmental exposure in genetically susceptible people. Destruction progresses

subclinically over months or years until β-cell mass decreases to the point that insulin

concentrations are no longer adequate to control plasma glucose levels. Type 1 DM generally

develops in childhood or adolescence and until recently was the most common form

diagnosed before age 30; however, it can also develop in adults (latent autoimmune diabetes

of adulthood, which often initially appears to be type 2 DM). Some cases of type 1 DM,

particularly in nonwhite populations, do not appear to be autoimmune in nature and are

considered idiopathic. Type 1 accounts for < 10% of all cases of diabetes. The pathogenesis

of the autoimmuneβ-cell destruction involves incompletely understood interactions between

susceptibility genes, autoantigens, and environmental factors. Susceptibility genes include

those within the major histocompatibility complex (MHC)especially HLA-DR3,DQB1*0201

and HLA-DR4,DQB1*0302, which are present in> 90% of patients with type 1 DMand those

outside the MHC, which seem to regulate insulin production and processing and confer risk

for DM in concert with MHC genes. Susceptibility genes are more common in some

populations than in others and explain the higher prevalence of type 1 DM in some ethnic

groups (Scandinavians, Sardinians).

Autoantigens include glutamic acid decarboxylase, insulin, insulinoma-associated protein,

and other proteins in β cells. It is thought that these proteins are exposed or released during

normal β-cell turnover or β-cell injury (eg, from infection), activating a cell-mediated

immune response resulting inβ-cell destruction (insulitis). Glucagon-secreting α cells remain

unharmed. Antibodies to autoantigens, which can be detected in serum, seem to be a response

to (not a cause of) β-cell destruction.

Several viruses (including coxsackievirus, rubella, cytomegalovirus, Epstein-Barr, and

retroviruses) have been linked to the onset of type 1 DM. Viruses may directly infect and

destroy β cells, or they may cause β-cell destruction indirectly by exposing autoantigens,

activating autoreactive lymphocytes, mimicking molecular sequences of autoantigens that

stimulate an immune response (molecular mimicry), or other mechanisms.Diet may also be a

factor. Exposure of infants to dairy products (especially cow's milk and the milk protein β

casein), high nitrates in drinking water, and low vitamin D consumption have been linked to

increased risk of type 1 DM. Early (< 4 mo) or late (> 7 mo) exposure to gluten and cereals
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increases islet cell autoantibody production. Mechanisms for these associations are unclear.

Type 2: In type 2 DM (previously called adult-onset or non-insulindependent), insulin

secretion is inadequate. Often insulin levels are very high, especially early in the disease, but

peripheral insulin resistance and increased hepatic production of glucose make insulin levels

inadequate to normalize plasma glucose levels. Insulin production then falls, further

exacerbating hyperglycemia. The disease generally develops in adults and becomes more

common with age. Plasma glucose levels reach higher levels after eating in older than in

younger adults, especially after high carbohydrate loads, and take longer to return to normal,

in part because of increased accumulation of visceral and abdominal fat and decreased

muscle mass. Type 2 DM is becoming increasingly common in children as childhood obesity

has become epidemic: 40 to 50% of new-onset DM in children is now type 2. Over 90% of

adults with DM have type 2 disease. There are clear genetic determinants, as evidenced by

the high prevalence of the disease within ethnic groups (especially American Indians,

Hispanics, and Asians) and in relatives of people with the disease. No genes responsible for

the most common forms of type 2 DM have been identified. Pathogenesis is complex and

incompletely understood. Hyperglycemia develops when insulin secretion can no longer

compensate for insulin resistance. Although insulin resistance is characteristic in people with

type 2 DM and those at risk for it, evidence also exists for β-cell dysfunction and impaired

insulin secretion, including impaired first-phase insulin secretion in response to IV glucose

infusion, a loss of normally pulsatile insulin secretion, an increase in proinsulin secretion

signaling impaired insulin processing, and an accumulation of islet amyloid polypeptide (a

protein normally secreted with insulin). Hyperglycemia itself may impair insulin secretion,

because high glucose levels desensitizeβ cells, cause β-cell dysfunction (glucose toxicity), or

both. These changes typically take years to develop in the presence of insulin

resistance.Obesity and weight gain are important determinants of insulin resistance in type 2

DM. They have some genetic determinants but also reflect diet, exercise, and lifestyle.

Adipose tissue increases plasma levels of free fatty acids that may impair insulin-stimulated

glucose transport and muscle glycogen synthase activity. Adipose tissue also appears to

function as an endocrine organ, releasing multiple factors (adipocytokines) that favorably

(adiponectin) and adversely, (tumor necrosis factor-α,IL-6, leptin, resistin) influence glucose

metabolism. Intrauterine growth restriction and low birth weight have also been associated

with insulin resistance in later life and may reflect prenatal environmental influences on

glucose metabolism.
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In Section 2 of this course you will cover these topics:
Lipids: Essential Energy-Supplying Nutrients

Proteins: Crucial Components Of All Body Tissues

Metabolism: From Food To Life

Nutrients Involved In Energy: Metabolism

Topic : Lipids: Essential Energy-Supplying Nutrients

Topic Objective:

At the end of the topic student will be able to understand:

 Trans fatty acids

 Essential fatty acids

 Trans

 cis

 Unsaturated fatty acids

 Types

 Fatty acid

 Polyketides

 Saccharolipids

 Prenol lipids

 Sterol lipids

 Sphingolipids

 Glycerophospholipids

 Glycerolipids

 Fatty acyls

 Categories of Lipids

 Lipid
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Definition/Overview:

Fats and oils are forms of lipids. Lipids include triglycerides, phospholipids, and sterols.

Triglycerides are the most common dietary fat and are composed of glycerol and three fatty

acids. The fatty acids can be classified on the basis of chain length, level of saturation, and

shape. Saturated fatty acids have no double bonds and are solid at room temperature.

Monounsaturated fatty acids contain one double bond and polyunsaturated acids contain

more than one double bond; both are liquid at room temperature. A cis fatty acid has

hydrogen atoms on the same side of the double bond, while a trans fatty acid has hydrogen

located on opposite sides of the double bond. Trans fats, made from oils, are solid at room

temperature. Essential fatty acids, linoleic and alpha-linolenic acid, must be obtained from

food and are necessary for growth and health. Phospholipids replace one fatty acid in a

triglyceride with a phosphate-containing compound, making them water soluble. Sterols have

a multiple ring structure. The most commonly occurring sterol in our diet is cholesterol. The

majority of fat digestion and absorption occurs in the small intestine. Bile, made in the liver

and stored in the gallbladder, breaks down the fat into droplets. Pancreatic enzymes then

digest triglycerides into free fatty acids and monoglycerides. After absorption through

enterocytes by micelles, they are transported in the bloodstream by lipoproteins called

chylomicrons. Fats have several important roles in the body, including providing energy,

providing essential fatty acids, transporting fat-soluble vitamins, regulating cell function,

maintaining cell membrane integrity, protecting vital organs, and contributing to flavor and

satiety of meals. The fats we eat can either contribute to health or increase our risk of disease.

The AMDR for fat is 20 to 35% of total energy. Recommendations also include minimizing

saturated and trans fatty acid intake. Adequate intake of essential fatty acids is also necessary.

Five to ten percent of energy intake should be in the form of linoleic acid and 0.6% as alpha-

linolenic acid. Diets high in saturated and trans fat increase the risk of cardiovascular disease

as does obesity, inactivity, smoking, high blood pressure, and diabetes. High levels of LDL-

cholesterol and low levels of HDL-cholesterol increase risk of heart disease. Research on

dietary fat and cancer risk is controversial, except for prostate cancer where the risk is higher

with the intake of animal fats.
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Key Points:

1. Lipid

At the top is oleic acid and cholesterol. In the middle is a triglyceride composed of oleoyl,

stearoyl, and palmitoyl chains attached to a glycerol backbone. At the bottom is the common

phospholipid phosphatidylcholine.

Lipids are broadly defined as any fat-soluble (lipophilic), naturally-occurring molecule, such

as fats, oils, waxes, cholesterol, sterols, fat-soluble vitamins (such as vitamins A, D, E and

K), monoglycerides, diglycerides, phospholipids, and others. The main biological functions

of lipids include energy storage, acting as structural components of cell membranes, and

participating as important signaling molecules.

Although the term lipid is sometimes used as a synonym for fats, fats are a subgroup of lipids

called triglycerides. Lipids also encompass molecules such as fatty acids and their derivatives

(including tri-, di-, and monoglycerides and phospholipids), as well as other sterol-containing

metabolites such as cholesterol. The emulsion test is a crude method for determining the

presence or absence of lipids in a given sample. Lipids are a diverse group of compounds that

have many key biological functions, such as structural components of cell membranes,

energy storage sources and intermediates in signaling pathways. Lipids may be broadly

defined as hydrophobic or amphiphilic small molecules that originate entirely or in part from

two distinct types of biochemical subunits or "building blocks": ketoacyl and isoprene

groups. Using this approach, lipids may be divided into eight categories : fatty acyls,

glycerolipids, glycerophospholipids, sphingolipids, saccharolipids and polyketides (derived

from condensation of ketoacyl subunits); and sterol lipids and prenol lipids (derived from

condensation of isoprene subunits).

2. Categories of Lipids

3. Fatty acyls

Fatty acyls (including fatty acids) are a diverse group of molecules synthesized by chain-

elongation of an acetyl-CoA primer with malonyl-CoA or methylmalonyl-CoA groups. The

fatty acyl structure represents the major lipid building block of complex lipids and therefore

is one of the most fundamental categories of biological lipids. The carbon chain may be
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saturated or unsaturated, and may be attached to functional groups containing oxygen,

halogens, nitrogen and sulfur. Examples of biologically interesting fatty acyls are the

eicosanoids which are in turn derived from arachidonic acid which include prostaglandins,

leukotrienes, and thromboxanes. Other major lipid classes in the fatty acyl category are the

fatty esters and fatty amides. Fatty esters include important biochemical intermediates such as

wax esters, fatty acyl thioester coenzyme A derivatives, fatty acyl thioester ACP derivatives

and fatty acyl carnitines. The fatty amides include N-acyl ethanolamines such as anandamide.

4. Glycerolipids

Glycerolipids are composed mainly of mono-, di- and tri-substituted glycerols, the most well-

known being the fatty acid esters of glycerol (triacylglycerols), also known as triglycerides.

these comprise the bulk of storage fat in animal tissues. Additional subclasses are represented

by glycosylglycerols, which are characterized by the presence of one or more sugar residues

attached to glycerol via a glycosidic linkage. Examples of structures in this category are the

digalactosyldiacylglycerols found in plant membranes and seminolipid from mammalian

spermatazoa.

5. Glycerophospholipids

Glycerophospholipids, also referred to as phospholipids, are ubiquitous in nature and are key

components of the lipid bilayer of cells, as well as being involved in metabolism and

signaling. Glycerophospholipids may be subdivided into distinct classes, based on the nature

of the polar headgroup at the sn-3 position of the glycerol backbone in eukaryotes and

eubacteria or the sn-1 position in the case of archaebacteria. Examples of

glycerophospholipids found in biological membranes are phosphatidylcholine (also known as

PC or GPCho, and lecithin), phosphatidylethanolamine (PE or GPEtn) and

phosphatidylserine (PS or GPSer). In addition to serving as a primary component of cellular

membranes and binding sites for intra- and intercellular proteins, some glycerophospholipids

in eukaryotic cells, such as phosphatidylinositols and phosphatidic acids are either precursors

of, or are themselves, membrane-derived second messengers. Typically one or both of these

hydroxyl groups are acylated with long-chain fatty acids, but there are also alkyl-linked and

1Z-alkenyl-linked (plasmalogen) glycerophospholipids, as well as dialkylether variants in

prokaryotes.
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6. Sphingolipids

Sphingolipids are a complex family of compounds that share a common structural feature, a

sphingoid base backbone that is synthesized de novo from serine and a long-chain fatty acyl

CoA, then converted into ceramides, phosphosphingolipids, glycosphingolipids and other

species. The major sphingoid base of mammals is commonly referred to as sphingosine.

Ceramides (N-acyl-sphingoid bases) are a major subclass of sphingoid base derivatives with

an amide-linked fatty acid. The fatty acids are typically saturated or mono-unsaturated with

chain lengths from 14 to 26 carbon atoms. The major phosphosphingolipids of mammals are

sphingomyelins (ceramide phosphocholines), whereas insects contain mainly ceramide

phosphoethanolamines and fungi have phytoceramidephosphoinositols and mannose

containing headgroups. The Glycosphingolipids are a diverse family of molecules composed

of one or more sugar residues linked via a glycosidic bond to the sphingoid base. Examples

of these are the simple and complex glycosphingolipids such as cerebrosides and

gangliosides.

7. Sterol lipids

Sterol lipids, such as cholesterol and its derivatives are an important component of membrane

lipids, along with the glycerophospholipids and sphingomyelins. The steroids, which also

contain the same fused four-ring core structure, have different biological roles as hormones

and signaling molecules. The C18 steroids include the estrogen family whereas the C19

steroids comprise the androgens such as testosterone and androsterone. The C21 subclass

includes the progestogens as well as the glucocorticoids and mineralocorticoids. The

secosteroids, comprising various forms of vitamin D, are characterized by cleavage of the B

ring of the core structure. Other examples of sterols are the bile acids and their conjugates,

which in mammals are oxidized derivatives of cholesterol and are synthesized in the liver.

8. Prenol lipids

Prenol lipids are synthesized from the 5-carbon precursors isopentenyl diphosphate and

dimethylallyl diphosphate that are produced mainly via the mevalonic acid (MVA) pathway.

The simple isoprenoids (linear alcohols, diphosphates, etc.) are formed by the successive

addition of C5 units, and are classified according to number of these terpene units. Structures

containing greater than 40 carbons are known as polyterpenes. Carotenoids are important
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simple isoprenoids that function as anti-oxidants and as precursors of vitamin A. Another

biologically important class of molecules is exemplified by the quinones and hydroquinones,

which contain an isoprenoid tail attached to a quinonoid core of non-isoprenoid origin.

Vitamin E and vitamin K, as well as the ubiquinones, are examples of this class. Bacteria

synthesize polyprenols (called bactoprenols) in which the terminal isoprenoid unit attached to

oxygen remains unsaturated, whereas in animal polyprenols (dolichols) the terminal

isoprenoid is reduced.

9. Saccharolipids

Saccharolipids describe compounds in which fatty acids are linked directly to a sugar

backbone, forming structures that are compatible with membrane bilayers. In the

saccharolipids, a sugar substitutes for the glycerol backbone that is present in glycerolipids

and glycerophospholipids. The most familiar saccharolipids are the acylated glucosamine

precursors of the Lipid A component of the lipopolysaccharides in Gram-negative bacteria.

Typical lipid A molecules are disaccharides of glucosamine, which are derivatized with as

many as seven fatty-acyl chains. The minimal lipopolysaccharide required for growth in E.

coli is Kdo2-Lipid A, a hexa-acylated disaccharide of glucosamine that is glycosylated with

two 3-deoxy-D-manno-octulosonic acid (Kdo) residues.

10. Polyketides

Polyketides are synthesized by polymerization of acetyl and propionyl subunits by classic

enzymes as well as iterative and multimodular enzymes that share mechanistic features with

the fatty acid synthases. They comprise a very large number of secondary metabolites and

natural products from animal, plant, bacterial, fungal and marine sources, and have great

structural diversity. Many polyketides are cyclic molecules whose backbones are often

further modified by glycosylation, methylation, hydroxylation, oxidation, and/or other

processes. Many commonly used anti-microbial, anti-parasitic, and anti-cancer agents are

polyketides or polyketide derivatives, such as erythromycins, tetracylines, avermectins, and

antitumor epothilones.
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11. Fatty acid

In chemistry, especially biochemistry, a fatty acid is a carboxylic acid often with a long

unbranched aliphatic tail (chain), which is either saturated or unsaturated. Carboxylic acids as

short as butyric acid (4 carbon atoms) are considered to be fatty acids, whereas fatty acids

derived from natural fats and oils may be assumed to have at least eight carbon atoms,

caprylic acid (octanoic acid), for example. Most of the natural fatty acids have an even

number of carbon atoms, because their biosynthesis involves acetyl-CoA, a coenzyme

carrying a two-carbon-atom group (see fatty acid synthesis).

Fatty acids are produced by the hydrolysis of the ester linkages in a fat or biological oil (both

of which are triglycerides), with the removal of glycerol. See oleochemicals.

Fatty acids are aliphatic monocarboxylic acids, derived from, or contained in esterified form

in an animal or vegetable fat, oil or wax. Natural fatty acids commonly have a chain of four

to 28 carbons (usually unbranched and even numbered), which may be saturated or

unsaturated. By extension, the term is sometimes used to embrace all acyclic aliphatic

carboxylic acids. This would include acetic acid, which is not usually considered a fatty acid

because it is so short that the triglyceride triacetin made from it is substantially miscible with

water and is thus not a lipid.

12. Types of Fatty Acids

Fatty acids can be saturated and unsaturated, depending on double bonds. They differ in

length as well.

13. Unsaturated fatty acids

Unsaturated fatty acids are of similar form, except that one or more alkenyl functional groups

exist along the chain, with each alkene substituting a single-bonded " -CH2-CH2-" part of the

chain with a double-bonded "-CH=CH-" portion (that is, a carbon double-bonded to another

carbon). The two next carbon atoms in the chain that are bound to either side of the double

bond can occur in a cis or trans configuration.
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14. cis

A cis configuration means that adjacent hydrogen atoms are on the same side of the double

bond. The rigidity of the double bond freezes its conformation and, in the case of the cis

isomer, causes the chain to bend and restricts the conformational freedom of the fatty acid.

The more double bonds the chain has in the cis configuration, the less flexibility it has. When

a chain has many cis bonds, it becomes quite curved in its most accessible conformations. For

example, oleic acid, with one double bond, has a "kink" in it, whereas linoleic acid, with two

double bonds, has a more pronounced bend. Alpha-linolenic acid, with three double bonds,

favors a hooked shape. The effect of this is that, in restricted environments, such as when

fatty acids are part of a phospholipid in a lipid bilayer, or triglycerides in lipid droplets, cis

bonds limit the ability of fatty acids to be closely packed, and therefore could affect the

melting temperature of the membrane or of the fat.

15. Trans

A trans configuration, by contrast, means that the next two hydrogen atoms are bound to

opposite sides of the double bond. As a result, they do not cause the chain to bend much, and

their shape is similar to straight saturated fatty acids.

In most naturally-occurring unsaturated fatty acids, each double bond has three n carbon

atoms after it, for some n, and all are cis bonds. Most fatty acids in the trans configuration

(trans fats) are not found in nature and are the result of human processing (e.g.,

hydrogenation). The differences in geometry between the various types of unsaturated fatty

acids, as well as between saturated and unsaturated fatty acids, play an important role in

biological processes, and in the construction of biological structures (such as cell

membranes). Examples of unsaturated fatty acids:

16. Essential fatty acids

The human body can produce all but two of the fatty acids it needs. These two, linoleic acid

(LA) and alpha-linolenic acid (ALA), are widely distributed in plant oils. In addition, fish oils

contain the longer-chain omega-3 fatty acids eicosapentaenoic acid (EPA) and

docosahexaenoic acid (DHA). Other marine oils, such as from seal, also contain significant

amounts of docosapentaenoic acid (DPA), which is also an omega-3 fatty acid. Although the
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body to some extent can convert ALA into these longer-chain omega-3 fatty acids, the

omega-3 fatty acids found in marine oils help fulfill the requirement of essential fatty acids

(and have been shown to have wholesome properties of their own). Since they cannot be

made in the body from other substrates and must be supplied in food, they are called essential

fatty acids. Mammals lack the ability to introduce double bonds in fatty acids beyond carbons

9 and 10. Hence linoleic acid and alpha-linolenic acid are essential fatty acids for humans. In

the body, essential fatty acids are primarily used to produce hormone-like substances that

regulate a wide range of functions, including blood pressure, blood clotting, blood lipid

levels, the immune response, and the inflammation response to injury infection. Essential

fatty acids are polyunsaturated fatty acids and are the parent compounds of the omega-6 and

omega-3 fatty acid series, respectively. They are essential in the human diet because there is

no synthetic mechanism for them. Humans can easily make saturated fatty acids or

monounsaturated fatty acids with a double bond at the omega-9 position, but do not have the

enzymes necessary to introduce a double bond at the omega-3 position or omega-6 position.

The essential fatty acids are important in several human body systems, including the immune

system and in blood pressure regulation, since they are used to make compounds such as

prostaglandins. The brain has increased amounts of linolenic and alpha-linoleic acid

derivatives. Changes in the levels and balance of these fatty acids due to a typical Western

diet rich in omega-6 and poor in omega-3 fatty acids is alleged to be associated with

depression and behavioral change, including violence. The actual connection, if any, is still

under investigation. Further, changing to a diet richer in omega-3 fatty acids, or consumption

of supplements to compensate for a dietary imbalance, has been associated with reduced

violent behavior and increased attention span, but the mechanisms for the effect are still

unclear. So far, at least three human studies have shown results that support this: two school

studies[citation needed] as well as a double blind study in a prison. Fatty acids play an important

role in the life and death of cardiac cells because they are essential fuels for mechanical and

electrical activities of the heart.

17. Trans fatty acids

A trans fatty acid (commonly shortened to trans fat) is an unsaturated fatty acid molecule that

contains a trans double bond between carbon atoms, which makes the molecule less 'kinked'

in comparison to fatty acids with cis double bonds. These bonds are characteristically

produced during industrial hydrogenation of plant oils. Research suggests that amounts of
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trans fats correlate with circulatory diseases such as atherosclerosis and coronary heart

disease more than the same amount of non-trans fats, for reasons that are not fully

understood. It is known, however, that trans fats raise the LDL ("bad") cholesterol and lowers

the HDL ("good") cholestrol. They have also been shown to have other harmful effects such

as increasing triglycerides and Lp(a) lipoproteins. They are also thought to cause more

inflammation, which is thought to occur through damage to the cells lining of blood vessels.

Topic : Proteins: Crucial Components Of All Body Tissues

Topic Objective:

At the end of the topic student will be able to understand:

 Cellular functions

 Enzymes

 Cell signaling and ligand binding

 Structural proteins

 Methods of study

 Protein purification

 Cellular localization

 Proteomics and bioinformatics

 Structure prediction and simulation

 Nutrition

 History

 Structure determination

 Structure of proteins

 Chemical synthesis

 Synthesis

 Biochemistry

 Protein
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Definition/Overview:

The topic includes proteins are large, complex molecules made up of amino acids that are

critical components of all body tissues. The structure of protein is dictated by DNA and all

protein contains nitrogen. The sequence of amino acids in each individual protein is

determined by our genetic makeup. New proteins are synthesized by RNA transcription and

translation. The order of amino acids determines the proteins three-dimensional shape and

shape determines function. Denatured proteins lose their function. Essential amino acids must

be consumed regularly and, when one is missing or limited, protein synthesis is limited.

Eating complementary proteins provides mutual supplementation of all essential amino acids.

When a protein is eaten, it must be broken down into smaller particles through digestion in

order for it to be absorbed. Once absorbed, amino acids can then be assembled into the

proteins required by the body. Functions are varied and include cell growth, repair, and

maintenance. Proteins also act as enzymes and hormones, and help maintain fluid and

electrolyte balance, acidbase balance, and a strong immune system. When fat and

carbohydrate are limited, protein can also be used to supply energy. The protein RDA for

sedentary people is 0.8 grams per kilogram of body weight per day or 12 to 20% of total

energy intake. High intake may lead to high blood cholesterol and bone loss, and put added

stress on the kidneys. Good sources of protein include meats, dairy products, eggs, legumes,

whole grains, and nuts. There are many reasons for eating vegetarian, and vegetarian diets

can be healthful if they are well planned. Vegans may need to supplement their diet with

several nutrients that are found primarily in animal foods, such as vitamins B12 and D,

riboflavin, iron, calcium, and zinc. Inadequate protein intake can result in protein-energy

malnutrition that may take the form of kwashiorkor or marasmus. Other disorders such as

phenylketonuria, sickle cell anemia, and cystic fibrosis are caused by genetic defects.

Key Points:

1. Protein

Proteins are organic compounds made of amino acids arranged in a linear chain and joined

together by peptide bonds between the carboxyl and amino groups of adjacent amino acid

residues. The sequence of amino acids in a protein is defined by the sequence of a gene,

which is encoded in the genetic code. In general, the genetic code specifies 20 standard

amino acids, however in certain organisms the genetic code can include selenocysteine - and
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in certain archaea - pyrrolysine. The residues in a protein are often observed to be chemically

modified by post-translational modification, which can happen either before the protein is

used in the cell, or as part of control mechanisms. Proteins can also work together to achieve

a particular function, and they often associate to form stable complexes. Like other biological

macromolecules such as polysaccharides and nucleic acids, proteins are essential parts of

organisms and participate in every process within cells. Many proteins are enzymes that

catalyze biochemical reactions and are vital to metabolism. Proteins also have structural or

mechanical functions, such as actin and myosin in muscle and the proteins in the

cytoskeleton, which form a system of scaffolding that maintains cell shape. Other proteins are

important in cell signaling, immune responses, cell adhesion, and the cell cycle. Proteins are

also necessary in animals' diets, since animals cannot synthesize all the amino acids they need

and must obtain essential amino acids from food. Through the process of digestion, animals

break down ingested protein into free amino acids that are then used in metabolism. The word

protein comes from the Greek wordπρώτειος (proteios) "primary". Proteins were first

described and named by the Swedish chemist Jns Jakob Berzelius in 1838. However, the

central role of proteins in living organisms was not fully appreciated until 1926, when James

B. Sumner showed that the enzyme urease was a protein. The first protein to be sequenced

was insulin, by Frederick Sanger, who won the Nobel Prize for this achievement in 1958. The

first protein structures to be solved were hemoglobin and myoglobin, by Max Perutz and Sir

John Cowdery Kendrew, respectively, in 1958. The three-dimensional structures of both

proteins were first determined by x-ray diffraction analysis; Perutz and Kendrew shared the

1962 Nobel Prize in Chemistry for these discoveries.

2. Biochemistry

Section of a protein structure showing serine and alanine residues linked together by peptide

bonds. Carbons are shown in white and hydrogens are omitted for clarity.

Proteins are linear polymers built from 20 different L-α-amino acids. All amino acids possess

common structural features, including an α carbon to which an amino group, a carboxyl

group, and a variable side chain are bonded. Only proline differs from this basic structure as

it contains an unusual ring to the N-end amine group, which forces the CONH amide moiety

into a fixed conformation. The side chains of the standard amino acids, detailed in the list of
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standard amino acids, have different chemical properties that produce three-dimensional

protein structure and different reactivities, are therefore critical to protein function.

The amino acids in a polypeptide chain are linked by peptide bonds. Once linked in the

protein chain, an individual amino acid is called a residue, and the linked series of carbon,

nitrogen, and oxygen atoms are known as the main chain or protein backbone. The peptide

bond has two resonance forms that contribute some double-bond character and inhibit

rotation around its axis, so that the alpha carbons are roughly coplanar. The other two

dihedral angles in the peptide bond determine the local shape assumed by the protein

backbone. Due to the chemical structure of the individual amino acids, the protein chain has

directionality. The end of the protein with a free carboxyl group is known as the C-terminus

or carboxy terminus, whereas the end with a free amino group is known as the N-terminus or

amino terminus. The words protein, polypeptide, and peptide are a little ambiguous and can

overlap in meaning. Protein is generally used to refer to the complete biological molecule in a

stable conformation, whereas peptide is generally reserved for a short amino acid oligomers

often lacking a stable three-dimensional structure. However, the boundary between the two is

not well defined and usually lies near 2030 residues. Polypeptide can refer to any single

linear chain of amino acids, usually regardless of length, but often implies an absence of a

defined conformation.

3. Synthesis

Proteins are assembled from amino acids using information encoded in genes. Each protein

has its own unique amino acid sequence that is specified by the nucleotide sequence of the

gene encoding this protein. The genetic code is a set of three-nucleotide sets called codons

and each three-nucleotide combination stands for an amino acid, for example AUG stands for

methionine. Because DNA contains four nucleotides, the total number of possible codons is

64; hence, there is some redundancy in the genetic code, with some amino acids specified by

more than one codon. Genes encoded in DNA are first transcribed into pre-messenger RNA

(mRNA) by proteins such as RNA polymerase. Most organisms then process the pre-mRNA

(also known as a primary transcript) using various forms of post-transcriptional modification

to form the mature mRNA, which is then used as a template for protein synthesis by the

ribosome. In prokaryotes the mRNA may either be used as soon as it is produced, or be
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bound by a ribosome after having moved away from the nucleoid. In contrast, eukaryotes

make mRNA in the cell nucleus and then translocate it across the nuclear membrane into the

cytoplasm, where protein synthesis then takes place. The rate of protein synthesis is higher in

prokaryotes than eukaryotes and can reach up to 20 amino acids per second. The process of

synthesizing a protein from an mRNA template is known as translation. The mRNA is loaded

onto the ribosome and is read three nucleotides at a time by matching each codon to its base

pairing anticodon located on a transfer RNA molecule, which carries the amino acid

corresponding to the codon it recognizes. The enzyme aminoacyl tRNA synthetase "charges"

the tRNA molecules with the correct amino acids. The growing polypeptide is often termed

the nascent chain. Proteins are always biosynthesized from N-terminus to C-terminus. The

size of a synthesized protein can be measured by the number of amino acids it contains and

by its total molecular mass, which is normally reported in units of daltons (synonymous with

atomic mass units), or the derivative unit kilodalton (kDa). Yeast proteins are on average 466

amino acids long and 53 kDa in mass. The largest known proteins are the titins, a component

of the muscle sarcomere, with a molecular mass of almost 3,000 kDa and a total length of

almost 27,000 amino acids.

4. Chemical synthesis

Short proteins can also be synthesized chemically by a family of methods known as peptide

synthesis, which rely on organic synthesis techniques such as chemical ligation to produce

peptides in high yield. Chemical synthesis allows for the introduction of non-natural amino

acids into polypeptide chains, such as attachment of fluorescent probes to amino acid side

chains. These methods are useful in laboratory biochemistry and cell biology, though

generally not for commercial applications. Chemical synthesis is inefficient for polypeptides

longer than about 300 amino acids, and the synthesized proteins may not readily assume their

native tertiary structure. Most chemical synthesis methods proceed from C-terminus to N-

terminus, opposite the biological reaction.

5. Structure of proteins

Left: all-atom representation colored by atom type. Middle: simplified representation

illustrating the backbone conformation, colored by secondary structure. Right: Solvent-

accessible surface representation colored by residue type (acidic residues red, basic residues

blue, polar residues green, nonpolar residues white).
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Most proteins fold into unique 3-dimensional structures. The shape into which a protein

naturally folds is known as its native state. Although many proteins can fold unassisted,

simply through the chemical properties of their amino acids, others require the aid of

molecular chaperones to fold into their native states. Biochemists often refer to four distinct

aspects of a protein's structure:

 Primary structure: the amino acid sequence

 Secondary structure: regularly repeating local structures stabilized by hydrogen bonds. The

most common examples are the alpha helix and beta sheet. Because secondary structures are

local, many regions of different secondary structure can be present in the same protein

molecule.

 Tertiary structure: the overall shape of a single protein molecule; the spatial relationship of

the secondary structures to one another. Tertiary structure is generally stabilized by nonlocal

interactions, most commonly the formation of a hydrophobic core, but also through salt

bridges, hydrogen bonds, disulfide bonds, and even post-translational modifications. The

term "tertiary structure" is often used as synonymous with the term fold. The Tertiary

structure is what controls the basic function of the protein.

 Quaternary structure: the shape or structure that results from the interaction of more than one

protein molecule, usually called protein subunits in this context, which function as part of the

larger assembly or protein complex.

 Proteins are not entirely rigid molecules. In addition to these levels of structure, proteins may

shift between several related structures while they perform their functions. In the context of

these functional rearrangements, these tertiary or quaternary structures are usually referred to

as "conformations", and transitions between them are called conformational changes. Such

changes are often induced by the binding of a substrate molecule to an enzyme's active site,

or the physical region of the protein that participates in chemical catalysis. In solution all

proteins also undergo variation in structure through thermal vibration and the collision with

other molecules, see the animation on the right.

From left to right are: immunoglobulin G (IgG, an antibody), hemoglobin, insulin (a

hormone), adenylate kinase (an enzyme), and glutamine synthetase (an enzyme).

Proteins can be informally divided into three main classes, which correlate with typical

tertiary structures: globular proteins, fibrous proteins, and membrane proteins. Almost all

globular proteins are soluble and many are enzymes. Fibrous proteins are often structural;
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membrane proteins often serve as receptors or provide channels for polar or charged

molecules to pass through the cell membrane. A special case of intramolecular hydrogen

bonds within proteins, poorly shielded from water attack and hence promoting their own

dehydration, are called dehydrons.

6. Structure determination

Discovering the tertiary structure of a protein, or the quaternary structure of its complexes,

can provide important clues about how the protein performs its function. Common

experimental methods of structure determination include X-ray crystallography and NMR

spectroscopy, both of which can produce information at atomic resolution. Cryoelectron

microscopy is used to produce lower-resolution structural information about very large

protein complexes, including assembled viruses; a variant known as electron crystallography

can also produce high-resolution information in some cases, especially for two-dimensional

crystals of membrane proteins. Solved structures are usually deposited in the Protein Data

Bank (PDB), a freely available resource from which structural data about thousands of

proteins can be obtained in the form of Cartesian coordinates for each atom in the protein.

Many more gene sequences are known than protein structures. Further, the set of solved

structures is biased toward proteins that can be easily subjected to the conditions required in

X-ray crystallography, one of the major structure determination methods. In particular,

globular proteins are comparatively easy to crystallize in preparation for X-ray

crystallography. Membrane proteins, by contrast, are difficult to crystallize and are

underrepresented in the PDB. Structural genomics initiatives have attempted to remedy these

deficiencies by systematically solving representative structures of major fold classes. Protein

structure prediction methods attempt to provide a means of generating a plausible structure

for proteins whose structures have not been experimentally determined.

7. Cellular functions

Proteins are the chief actors within the cell, said to be carrying out the duties specified by the

information encoded in genes. With the exception of certain types of RNA, most other

biological molecules are relatively inert elements upon which proteins act. Proteins make up

half the dry weight of an Escherichia coli cell, whereas other macromolecules such as DNA

and RNA make up only 3% and 20%, respectively. The set of proteins expressed in a

particular cell or cell type is known as its proteome.
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The enzyme hexokinase is shown as a simple ball-and-stick molecular model

To scale in the top right-hand corner are two of its substrates, ATP and glucose.

The chief characteristic of proteins that allows their diverse set of functions is their ability to

bind other molecules specifically and tightly. The region of the protein responsible for

binding another molecule is known as the binding site and is often a depression or "pocket"

on the molecular surface. This binding ability is mediated by the tertiary structure of the

protein, which defines the binding site pocket, and by the chemical properties of the

surrounding amino acids' side chains. Protein binding can be extraordinarily tight and

specific; for example, the ribonuclease inhibitor protein binds to human angiogenin with a

sub-femtomolar dissociation constant (<10-15 M) but does not bind at all to its amphibian

homolog onconase (>1 M). Extremely minor chemical changes such as the addition of a

single methyl group to a binding partner can sometimes suffice to nearly eliminate binding;

for example, the aminoacyl tRNA synthetase specific to the amino acid valine discriminates

against the very similar side chain of the amino acid isoleucine. Proteins can bind to other

proteins as well as to small-molecule substrates. When proteins bind specifically to other

copies of the same molecule, they can oligomerize to form fibrils; this process occurs often in

structural proteins that consist of globular monomers that self-associate to form rigid fibers.

Protein-protein interactions also regulate enzymatic activity, control progression through the

cell cycle, and allow the assembly of large protein complexes that carry out many closely

related reactions with a common biological function. Proteins can also bind to, or even be

integrated into, cell membranes. The ability of binding partners to induce conformational

changes in proteins allows the construction of enormously complex signaling networks.

8. Enzymes

The best-known role of proteins in the cell is as enzymes, which catalyze chemical reactions.

Enzymes are usually highly specific and accelerate only one or a few chemical reactions.

Enzymes carry out most of the reactions involved in metabolism, as well as manipulating

DNA in processes such as DNA replication, DNA repair, and transcription. Some enzymes

act on other proteins to add or remove chemical groups in a process known as post-

translational modification. About 4,000 reactions are known to be catalyzed by enzymes. The

rate acceleration conferred by enzymatic catalysis is often enormous - as much as 1017-fold

increase in rate over the uncatalyzed reaction in the case of orotate decarboxylase (78 million
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years without the enzyme, 18 milliseconds with the enzyme). The molecules bound and acted

upon by enzymes are called substrates. Although enzymes can consist of hundreds of amino

acids, it is usually only a small fraction of the residues that come in contact with the

substrate, and an even smaller fraction - 3-4 residues on average - that are directly involved in

catalysis. The region of the enzyme that binds the substrate and contains the catalytic residues

is known as the active site.

9. Cell signaling and ligand binding

Many proteins are involved in the process of cell signaling and signal transduction. Some

proteins, such as insulin, are extracellular proteins that transmit a signal from the cell in

which they were synthesized to other cells in distant tissues. Others are membrane proteins

that act as receptors whose main function is to bind a signaling molecule and induce a

biochemical response in the cell. Many receptors have a binding site exposed on the cell

surface and an effector domain within the cell, which may have enzymatic activity or may

undergo a conformational change detected by other proteins within the cell. Antibodies are

protein components of adaptive immune system whose main function is to bind antigens, or

foreign substances in the body, and target them for destruction. Antibodies can be secreted

into the extracellular environment or anchored in the membranes of specialized B cells

known as plasma cells. Whereas enzymes are limited in their binding affinity for their

substrates by the necessity of conducting their reaction, antibodies have no such constraints.

An antibody's binding affinity to its target is extraordinarily high. Many ligand transport

proteins bind particular small biomolecules and transport them to other locations in the body

of a multicellular organism. These proteins must have a high binding affinity when their

ligand is present in high concentrations, but must also release the ligand when it is present at

low concentrations in the target tissues. The canonical example of a ligand-binding protein is

haemoglobin, which transports oxygen from the lungs to other organs and tissues in all

vertebrates and has close homologs in every biological kingdom. Lectins are sugar-binding

proteins which are highly specific for their sugar moieties. Lectins typically play a role in

biological recognition phenomena involving cells and proteins. Receptors and hormones are

highly specific binding proteins. Transmembrane proteins can also serve as ligand transport

proteins that alter the permeability of the cell membrane to small molecules and ions. The

membrane alone has a hydrophobic core through which polar or charged molecules cannot
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diffuse. Membrane proteins contain internal channels that allow such molecules to enter and

exit the cell. Many ion channel proteins are specialized to select for only a particular ion; for

example, potassium and sodium channels often discriminate for only one of the two ions.

10. Structural proteins

Structural proteins confer stiffness and rigidity to otherwise-fluid biological components.

Most structural proteins are fibrous proteins; for example, actin and tubulin are globular and

soluble as monomers, but polymerize to form long, stiff fibers that comprise the cytoskeleton,

which allows the cell to maintain its shape and size. Collagen and elastin are critical

components of connective tissue such as cartilage, and keratin is found in hard or filamentous

structures such as hair, nails, feathers, hooves, and some animal shells.

Other proteins that serve structural functions are motor proteins such as myosin, kinesin, and

dynein, which are capable of generating mechanical forces. These proteins are crucial for

cellular motility of single celled organisms and the sperm of many sexually reproducing

multicellular organisms. They also generate the forces exerted by contracting muscles.

11. Methods of study

As some of the most commonly studied biological molecules, the activities and structures of

proteins are examined both in vitro and in vivo. In vitro studies of purified proteins in

controlled environments are useful for learning how a protein carries out its function: for

example, enzyme kinetics studies explore the chemical mechanism of an enzyme's catalytic

activity and its relative affinity for various possible substrate molecules. By contrast, in vivo

experiments on proteins' activities within cells or even within whole organisms can provide

complementary information about where a protein functions and how it is regulated.

12. Protein purification

In order to perform in vitro analysis, a protein must be purified away from other cellular

components. This process usually begins with cell lysis, in which a cell's membrane is

disrupted and its internal contents released into a solution known as a crude lysate. The

resulting mixture can be purified using ultracentrifugation, which fractionates the various

cellular components into fractions containing soluble proteins; membrane lipids and proteins;

cellular organelles, and nucleic acids. Precipitation by a method known as salting out can
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concentrate the proteins from this lysate. Various types of chromatography are then used to

isolate the protein or proteins of interest based on properties such as molecular weight, net

charge and binding affinity. The level of purification can be monitored using various types of

gel electrophoresis if the desired protein's molecular weight and isoelectric point are known,

by spectroscopy if the protein has distinguishable spectroscopic features, or by enzyme

assays if the protein has enzymatic activity. Additionally, proteins can be isolated according

their charge using electrofocusing. For natural proteins, a series of purification steps may be

necessary to obtain protein sufficiently pure for laboratory applications. To simplify this

process, genetic engineering is often used to add chemical features to proteins that make them

easier to purify without affecting their structure or activity. Here, a "tag" consisting of a

specific amino acid sequence, often a series of histidine residues (a "His-tag"), is attached to

one terminus of the protein. As a result, when the lysate is passed over a chromatography

column containing nickel, the histidine residues ligate the nickel and attach to the column

while the untagged components of the lysate pass unimpeded.

13. Cellular localization

Proteins in different cellular compartments and structures tagged with green fluorescent

protein (here, white). The study of proteins in vivo is often concerned with the synthesis and

localization of the protein within the cell. Although many intracellular proteins are

synthesized in the cytoplasm and membrane-bound or secreted proteins in the endoplasmic

reticulum, the specifics of how proteins are targeted to specific organelles or cellular

structures is often unclear. A useful technique for assessing cellular localization uses genetic

engineering to express in a cell a fusion protein or chimera consisting of the natural protein of

interest linked to a "reporter" such as green fluorescent protein (GFP). The fused protein's

position within the cell can be cleanly and efficiently visualized using microscopy, as shown

in the figure opposite. In these cases, additional fluorescent chimeric proteins are generally

required to prove the inferred localization.

Other methods for elucidating the cellular location of proteins requires the use of known

compartmental markers for regions such as the ER, the Golgi, lysosomes/vacuoles,

mitochondria, chloroplasts, plasma membrane, etc. With the use of fluorescently-tagged

versions of these markers or of antibodies to known markers, it becomes much simpler to

identify the localization of a protein of interest. For example, indirect immunofluorescence
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will allow for fluorescence colocalization and demonstration of location. Fluorescent dyes are

used to label cellular compartments for a similar purpose.

Other possibilities exist, as well. For example, immunohistochemistry usually utilizes an

antibody to one or more proteins of interest that are conjugated to enzymes yielding either

luminescent or chromogenic signals that can be compared between samples, allowing for

localization information. Another applicable technique is cofractionation in sucrose (or other

material) gradients using isopycnic centrifugation. While this technique does not prove

colocalization of a compartment of known density and the protein of interest, it does increase

the likelihood, and is more amenable to large-scale studies. Finally, the gold-standard method

of cellular localization is immunoelectron microscopy. This technique also uses an antibody

to the protein of interest, along with classical electron microscopy techniques. The sample is

prepared for normal electron microscopic examination, and then treated with an antibody to

the protein of interest that is conjugated to an extremely electro-dense material, usually gold.

This allows for the localization of both ultrastructural details as well as the protein of interest.

Through another genetic engineering application known as site-directed mutagenesis,

researchers can alter the protein sequence and hence its structure, cellular localization, and

susceptibility to regulation, which can be followed in vivo by GFP tagging or in vitro by

enzyme kinetics and binding studies.

14. Proteomics and bioinformatics

The total complement of proteins present at a time in a cell or cell type is known as its

proteome, and the study of such large-scale data sets defines the field of proteomics, named

by analogy to the related field of genomics. Key experimental techniques in proteomics

include 2D electrophoresis, which allows the separation of a large number of proteins, mass

spectrometry, which allows rapid high-throughput identification of proteins and sequencing

of peptides (most often after in-gel digestion), protein microarrays, which allow the detection

of the relative levels of a large number of proteins present in a cell, and two-hybrid screening,

which allows the systematic exploration of protein-protein interactions. The total complement

of biologically possible such interactions is known as the interactome. A systematic attempt

to determine the structures of proteins representing every possible fold is known as structural

genomics.
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The large amount of genomic and proteomic data available for a variety of organisms,

including the human genome, allows researchers to efficiently identify homologous proteins

in distantly related organisms by sequence alignment. Sequence profiling tools can perform

more specific sequence manipulations such as restriction enzyme maps, open reading frame

analyses for nucleotide sequences, and secondary structure prediction. From this data

phylogenetic trees can be constructed and evolutionary hypotheses developed using special

software like ClustalW regarding the ancestry of modern organisms and the genes they

express. The field of bioinformatics seeks to assemble, annotate, and analyze genomic and

proteomic data, applying computational techniques to biological problems such as gene

finding and cladistics.

15. Structure prediction and simulation

Complementary to the field of structural genomics, protein structure prediction seeks to

develop efficient ways to provide plausible models for proteins whose structures have not yet

been determined experimentally . The most successful type of structure prediction, known as

homology modeling, relies on the existence of a "template" structure with sequence similarity

to the protein being modeled; structural genomics' goal is to provide sufficient representation

in solved structures to model most of those that remain. Although producing accurate models

remains a challenge when only distantly related template structures are available, it has been

suggested that sequence alignment is the bottleneck in this process, as quite accurate models

can be produced if a "perfect" sequence alignment is known. Many structure prediction

methods have served to inform the emerging field of protein engineering, in which novel

protein folds have already been designed. A more complex computational problem is the

prediction of intermolecular interactions, such as in molecular docking and protein-protein

interaction prediction. The processes of protein folding and binding can be simulated using

techniques derived from molecular dynamics, which increasingly take advantage of

distributed computing as in the Folding@Home project. The folding of small alpha-helical

protein domains such as the villin headpiece and the HIV accessory protein have been

successfully simulated in silico, and hybrid methods that combine standard molecular

dynamics with quantum mechanics calculations have allowed exploration of the electronic

states of rhodopsins.
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16. Nutrition

Most microorganisms and plants can biosynthesize all 20 standard amino acids, while

animals (including humans) must obtain some of the amino acids from the diet.

The amino acids that an organism cannot synthesize on its own are referred to as essential

amino acids. Key enzymes that synthesize certain amino acids are not present in animals -

such as aspartokinase, which catalyzes the first step in the synthesis of lysine, methionine,

and threonine from aspartate. If amino acids are present in the environment, microorganisms

can conserve energy by taking up the amino acids from their surroundings and

downregulating their biosynthetic pathways.

In animals, amino acids are obtained through the consumption of foods containing protein.

Ingested proteins are broken down through digestion, which typically involves denaturation

of the protein through exposure to acid and hydrolysis by enzymes called proteases. Some

ingested amino acids are used for protein biosynthesis, while others are converted to glucose

through gluconeogenesis, or fed into the citric acid cycle. This use of protein as a fuel is

particularly important under starvation conditions as it allows the body's own proteins to be

used to support life, particularly those found in muscle. Amino acids are also an important

dietary source of nitrogen.

17. History

Proteins were recognized as a distinct class of biological molecules in the eighteenth century

by Antoine Fourcroy and others, distinguished by the molecules' ability to coagulate or

flocculate under treatments with heat or acid. Noted examples at the time included albumin

from egg whites, blood, serum albumin, fibrin, and wheat gluten. Dutch chemist Gerhardus

Johannes Mulder carried out elemental analysis of common proteins and found that nearly all

proteins had the same empirical formula. The term "protein" to describe these molecules was

proposed in 1838 by Mulder's associate Jns Jakob Berzelius. Mulder went on to identify the

products of protein degradation such as the amino acid leucine for which he found a (nearly

correct) molecular weight of 131 Da.

The difficulty in purifying proteins in large quantities made them very difficult for early

protein biochemists to study. Hence, early studies focused on proteins that could be purified
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in large quantities, e.g., those of blood, egg white, various toxins, and digestive/metabolic

enzymes obtained from slaughterhouses. In the late 1950s, the Armour Hot Dog Co. purified

1 kg (= one million milligrams) of pure bovine pancreatic ribonuclease A and made it freely

available to scientists around the world.

Linus Pauling is credited with the successful prediction of regular protein secondary

structures based on hydrogen bonding, an idea first put forth by William Astbury in 1933.

Later work by Walter Kauzmann on denaturation, based partly on previous studies by Kaj

Linderstrm-Lang, contributed an understanding of protein folding and structure mediated by

hydrophobic interactions. In 1949 Fred Sanger correctly determined the amino acid sequence

of insulin, thus conclusively demonstrating that proteins consisted of linear polymers of

amino acids rather than branched chains, colloids, or cyclols. The first atomic-resolution

structures of proteins were solved by X-ray crystallography in the 1960s and by NMR in the

1980s. As of 2006, the Protein Data Bank has nearly 40,000 atomic-resolution structures of

proteins. In more recent times, cryo-electron microscopy of large macromolecular assemblies

and computational protein structure prediction of small protein domains are two methods

approaching atomic resolution.

Topic : Metabolism: From Food To Life

Topic Objective:

At the end of the topic student will be able to understand:

 History

 investigation and manipulation

 Evolution

 Regulation and control

 Thermodynamics of living organisms

 Xenobiotics and redox metabolism

 Nucleotide synthesis and salvage

 Proteins
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 Fatty acids, isoprenoids and steroids

 Carbohydrates and glycans

 Carbon fixation

 Anabolism

 Energy from light

 Energy from inorganic compounds

 Oxidative phosphorylation

 Energy transformations

 Energy from organic compounds

 Digestion

 Catabolism

 Minerals and cofactors

 Coenzymes

 Nucleotides

 Carbohydrates

 Lipids

 Amino acids and proteins

 Key biochemicals

 Metabolism

Definition/Overview:

Metabolism is the sum total of all chemical and physical processes by which the body

catabolizes and anabolizes molecules. Metabolic pathways are controlled by hormones and

made more efficient by enzymes, coenzymes, and cofactors. Carbon dioxide, water, and ATP

are the end products of glucose oxidation, which occurs in three stages: glycolysis, the TCA

cycle, and electron transport. Once triglycerides are broken down to glycerol and fatty acids,

the glycerol is converted to glucose or oxidized for energy and the fatty acids are oxidized or

converted to ketones when carbohydrates are depleted. After deamination, the carbon

skeletons of protein are broken down to pyruvate or acetyl CoA to produce carbon dioxide,

water, ATP, and urea. Amino groups stripped from proteins can be used to synthesize

nonessential amino acids. Energy is stored in the form of glycogen, glucose storage, and

triglycerides, lipid storage. Carbohydrates, lipids, proteins, and alcohol all contribute to

lipogenesis. The body can synthesize glucose, most fatty acids, and NEAAs from available
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metabolites and transamination, but EAAs must be consumed in their existing form. Insulin is

the primary anabolic hormone while glucagon, epinephrine, and cortisol are primarily

catabolic. During fasting, the body relies on glycogen and triglycerides for the short term and

fatty acids, ketones, and gluconeogenesis for the long term. Alcohol is oxidized as a source of

energy and can be beneficial in reducing risk of heart disease and ischemic stroke when it is

consumed in moderate amounts. However, it is a cellular toxin and a drug and, when

consumed in excessive amounts, leads to liver damage and death from a number of causes.

Alcohol abuse impairs food intake, digestion, absorption, transport, activation, and excretion

of nutrients.

Key Points:

1. Metabolism

Metabolism is the set of chemical reactions that occur in living organisms in order to

maintain life. These processes allow organisms to grow and reproduce, maintain their

structures, and respond to their environments. Metabolism is usually divided into two

categories. Catabolism breaks down organic matter, for example to harvest energy in cellular

respiration. Anabolism, on the other hand, uses energy to construct components of cells such

as proteins and nucleic acids.

The chemical reactions of metabolism are organized into metabolic pathways, in which one

chemical is transformed into another by a sequence of enzymes. Enzymes are crucial to

metabolism because they allow organisms to drive desirable but thermodynamically

unfavorable reactions by coupling them to favorable ones, and because they act as catalysts to

allow these reactions to proceed quickly and efficiently. Enzymes also allow the regulation of

metabolic pathways in response to changes in the cell's environment or signals from other

cells.

The metabolism of an organism determines which substances it will find nutritious and which

it will find poisonous. For example, some prokaryotes use hydrogen sulfide as a nutrient, yet

this gas is poisonous to animals. The speed of metabolism, the metabolic rate, also influences

how much food an organism will require.
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A striking feature of metabolism is the similarity of the basic metabolic pathways between

even vastly different species. For example, the set of carboxylic acids that are best known as

the intermediates in the citric acid cycle are present in all organisms, being found in species

as diverse as the unicellular bacteria Escherichia coli and huge multicellular organisms like

elephants. These striking similarities in metabolism are most likely the result of the high

efficiency of these pathways, and of their early appearance in evolutionary history.

2. Key biochemicals

Most of the structures that make up animals, plants and microbes are made from three basic

classes of molecule: amino acids, carbohydrates and lipids (often called fats). As these

molecules are vital for life, metabolism focuses on making these molecules, in the

construction of cells and tissues, or breaking them down and using them as a source of

energy, in the digestion and use of food. Many important biochemicals can be joined together

to make polymers such as DNA and proteins. These macromolecules are essential parts of all

living organisms. Some of the most common biological polymers are listed in the table

below.

Type of

molecule

Name of monomer

forms

Name of polymer

forms

Examples of polymer

forms

Amino acids Amino acids Proteins (also called

polypeptides)

Fibrous proteins and

globular proteins

Carbohydrates Monosaccharides Polysaccharides Starch, glycogen and

cellulose

Nucleic acids Nucleotides Polynucleotides DNA and RNA

[Table 1]

3. Amino acids and proteins

Proteins are made of amino acids arranged in a linear chain and joined together by peptide

bonds. Many proteins are the enzymes that catalyze the chemical reactions in metabolism.

Other proteins have structural or mechanical functions, such as the proteins that form the
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cytoskeleton, a system of scaffolding that maintains the cell shape. Proteins are also

important in cell signaling, immune responses, cell adhesion, active transport across

membranes and the cell cycle.

4. Lipids

Lipids are the most diverse group of biochemicals. Their main structural uses are as part of

biological membranes such as the cell membrane, or as a source of energy. Lipids are usually

defined as hydrophobic or amphipathic biological molecules that will dissolve in organic

solvents such as benzene or chloroform. The fats are a large group of compounds that contain

fatty acids and glycerol; a glycerol molecule attached to three fatty acid esters is a

triacylglyceride. Several variations on this basic structure exist, including alternate backbones

such as sphingosine in the sphingolipids, and hydrophilic groups such as phosphate in

phospholipids. Steroids such as cholesterol are another major class of lipids that are made in

cells.

5. Carbohydrates

Carbohydrates are straight-chain aldehydes or ketones with many hydroxyl groups that can

exist as straight chains or rings. Carbohydrates are the most abundant biological molecules,

and fill numerous roles, such as the storage and transport of energy (starch, glycogen) and

structural components (cellulose in plants, chitin in animals). The basic carbohydrate units

are called monosaccharides and include galactose, fructose, and most importantly glucose.

Monosaccharides can be linked together to form polysaccharides in almost limitless ways.

6. Nucleotides

The polymers DNA and RNA are long chains of nucleotides. These molecules are critical for

the storage and use of genetic information, through the processes of transcription and protein

biosynthesis. This information is protected by DNA repair mechanisms and propagated

through DNA replication. A few viruses have an RNA genome, for example HIV, which uses

reverse transcription to create a DNA template from its viral RNA genome. RNA in

ribozymes such as spliceosomes and ribosomes is similar to enzymes as it can catalyze

chemical reactions. Individual nucleosides are made by attaching a nucleobase to a ribose
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sugar. These bases are heterocyclic rings containing nitrogen, classified as purines or

pyrimidines. Nucleotides also act as coenzymes in metabolic group transfer reactions.

7. Coenzymes

Metabolism involves a vast array of chemical reactions, but most fall under a few basic types

of reactions that involve the transfer of functional groups. This common chemistry allows

cells to use a small set of metabolic intermediates to carry chemical groups between different

reactions. These group-transfer intermediates are called coenzymes. Each class of group-

transfer reaction is carried out by a particular coenzyme, which is the substrate for a set of

enzymes that produce it, and a set of enzymes that consume it. These coenzymes are

therefore continuously being made, consumed and then recycled. One central coenzyme is

adenosine triphosphate (ATP), the universal energy currency of cells. This nucleotide is used

to transfer chemical energy between different chemical reactions. There is only a small

amount of ATP in cells, but as it is continuously regenerated, the human body can use about

its own weight in ATP per day. ATP acts as a bridge between catabolism and anabolism, with

catabolic reactions generating ATP and anabolic reactions consuming it. It also serves as a

carrier of phosphate groups in phosphorylation reactions. A vitamin is an organic compound

needed in small quantities that cannot be made in the cells. In human nutrition, most vitamins

function as coenzymes after modification; for example, all water-soluble vitamins are

phosphorylated or are coupled to nucleotides when they are used in cells. Nicotinamide

adenine dinucleotide (NADH), a derivative of vitamin B3(niacin), is an important coenzyme

that acts as a hydrogen acceptor. Hundreds of separate types of dehydrogenases remove

electrons from their substrates and reduce NAD+ into NADH. This reduced form of the

coenzyme is then a substrate for any of the reductases in the cell that need to reduce their

substrates. Nicotinamide adenine dinucleotide exists in two related forms in the cell, NADH

and NADPH. The NAD+/NADH form is more important in catabolic reactions, while

NADP+/NADPH is used in anabolic reactions.
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8. Minerals and cofactors

Inorganic elements play critical roles in metabolism; some are abundant (e.g. sodium and

potassium) while others function at minute concentrations. About 99% of mammals' mass are

the elements carbon, nitrogen, calcium, sodium, chlorine, potassium, hydrogen, phosphorus,

oxygen and sulfur. The organic compounds (proteins, lipids and carbohydrates) contain the

majority of the carbon and nitrogen and most of the oxygen and hydrogen is present as water.

The abundant inorganic elements act as ionic electrolytes. The most important ions are

sodium, potassium, calcium, magnesium, chloride, phosphate, and the organic ion

bicarbonate. The maintenance of precise gradients across cell membranes maintains osmotic

pressure and pH. Ions are also critical for nerves and muscles, as action potentials in these

tissues are produced by the exchange of electrolytes between the extracellular fluid and the

cytosol. Electrolytes enter and leave cells through proteins in the cell membrane called ion

channels. For example, muscle contraction depends upon the movement of calcium, sodium

and potassium through ion channels in the cell membrane and T-tubules. The transition

metals are usually present as trace elements in organisms, with zinc and iron being most

abundant. These metals are used in some proteins as cofactors and are essential for the

activity of enzymes such as catalase and oxygen-carrier proteins such as hemoglobin. These

cofactors are bound tightly to a specific protein; although enzyme cofactors can be modified

during catalysis, cofactors always return to their original state after catalysis has taken place.

The metal micronutrients are taken up into organisms by specific transporters and bound to

storage proteins such as ferritin or metallothionein when not being used.

9. Catabolism

Catabolism is the set of metabolic processes that break down large molecules. These include

breaking down and oxidising food molecules. The purpose of the catabolic reactions is to

provide the energy and components needed by anabolic reactions. The exact nature of these

catabolic reactions differ from organism to organism, with organic molecules being used as a

source of energy in organotrophs, while lithotrophs use inorganic substrates and phototrophs

capture sunlight as chemical energy. However, all these different forms of metabolism

depend on redox reactions that involve the transfer of electrons from reduced donor

molecules such as organic molecules, water, ammonia, hydrogen sulfide or ferrous ions to

acceptor molecules such as oxygen, nitrate or sulfate. In animals these reactions involve
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complex organic molecules being broken down to simpler molecules, such as carbon dioxide

and water. In photosynthetic organisms such as plants and cyanobacteria, these electron-

transfer reactions do not release energy, but are used as a way of storing energy absorbed

from sunlight.

The most common set of catabolic reactions in animals can be separated into three main

stages. In the first, large organic molecules such as proteins, polysaccharides or lipids are

digested into their smaller components outside cells. Next, these smaller molecules are taken

up by cells and converted to yet smaller molecules, usually acetyl coenzyme A (CoA), which

releases some energy. Finally, the acetyl group on the CoA is oxidised to water and carbon

dioxide in the citric acid cycle and electron transport chain, releasing the energy that is stored

by reducing the coenzyme nicotinamide adenine dinucleotide (NAD+) into NADH.

10. Digestion

Macromolecules such as starch, cellulose or proteins cannot be rapidly taken up by cells and

need to be broken into their smaller units before they can be used in cell metabolism. Several

common classes of enzymes digest these polymers. These digestive enzymes include

proteases that digest proteins into amino acids, as well as glycoside hydrolases that digest

polysaccharides into monosaccharides.

Microbes simply secrete digestive enzymes into their surroundings, while animals only

secrete these enzymes from specialized cells in their guts. The amino acids or sugars released

by these extracellular enzymes are then pumped into cells by specific active transport

proteins.

11. Energy from organic compounds

Carbohydrate catabolism is the breakdown of carbohydrates into smaller units. Carbohydrates

are usually taken into cells once they have been digested into monosaccharides. Once inside,

the major route of breakdown is glycolysis, where sugars such as glucose and fructose are

converted into pyruvate and some ATP is generated. Pyruvate is an intermediate in several

metabolic pathways, but the majority is converted to acetyl-CoA and fed into the citric acid

cycle. Although some more ATP is generated in the citric acid cycle, the most important

product is NADH, which is made from NAD+ as the acetyl-CoA is oxidized. This oxidation
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releases carbon dioxide as a waste product. In anaerobic conditions, glycolysis produces

lactate, through the enzyme lactate dehydrogenase re-oxidizing NADH to NAD+ for re-use in

glycolysis. An alternative route for glucose breakdown is the pentose phosphate pathway,

which reduces the coenzyme NADPH and produces pentose sugars such as ribose, the sugar

component of nucleic acids.

Fats are catabolised by hydrolysis to free fatty acids and glycerol. The glycerol enters

glycolysis and the fatty acids are broken down by beta oxidation to release acetyl-CoA,

which then is fed into the citric acid cycle. Fatty acids release more energy upon oxidation

than carbohydrates because carbohydrates contain more oxygen in their structures. Amino

acids are either used to synthesize proteins and other biomolecules, or oxidized to urea and

carbon dioxide as a source of energy. The oxidation pathway starts with the removal of the

amino group by a transaminase. The amino group is fed into the urea cycle, leaving a

deaminated carbon skeleton in the form of a keto acid. Several of these keto acids are

intermediates in the citric acid cycle, for example the deamination of glutamate forms α-

ketoglutarate. The glucogenic amino acids can also be converted into glucose, through

gluconeogenesis.

12. Energy transformations

Transforming energy is when the energy changes into another form. In physics, the term

energy describes the capacity to produce changes within a system, without regard to

limitations in transformation imposed by entropy. Changes in total energy of systems can

only be accomplished by adding or subtracting energy from them, as energy is a quantity

which is conserved, according to the first law of thermodynamics. According to special

relativity, changes in the energy of systems will also coincide with changes in the system's

mass, and the total amount of mass of a system is a measure of its energy.

Energy in a system may be transformed so that it resides in a different state. Energy in

many states may be used to do many varieties of physical work. Energy may be used in

natural processes or machines, or else to provide some service to society (such as heat, light,

or motion). For example, an internal combustion engine converts the potential chemical

energy in gasoline and oxygen into heat, which is then transformed into the propulsive energy

(kinetic energy that moves a vehicle). A solar cell converts solar radiation into electrical

energy that can then be used to light a bulb or power a computer.
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13. Oxidative phosphorylation

In oxidative phosphorylation, the electrons removed from food molecules in pathways such

as the citric acid cycle are transferred to oxygen and the energy released is used to make

ATP. This is done in eukaryotes by a series of proteins in the membranes of mitochondria

called the electron transport chain. In prokaryotes, these proteins are found in the cell's inner

membrane. These proteins use the energy released from passing electrons from reduced

molecules like NADH onto oxygen to pump protons across a membrane. Pumping protons

out of the mitochondria creates a proton concentration difference across the membrane and

generates an electrochemical gradient. This force drives protons back into the mitochondrion

through the base of an enzyme called ATP synthase. The flow of protons makes the stalk

subunit rotate, causing the active site of the synthase domain to change shape and

phosphorylate adenosine diphosphate - turning it into ATP.

14. Energy from inorganic compounds

Chemolithotrophy is a type of metabolism found in prokaryotes where energy is obtained

from the oxidation of inorganic compounds. These organisms can use hydrogen, reduced

sulfur compounds (such as sulfide, hydrogen sulfide and thiosulfate), ferrous iron (FeII) or

ammonia as sources of reducing power and they gain energy from the oxidation of these

compounds with electron acceptors such as oxygen or nitrite. These microbial processes are

important in global biogeochemical cycles such as acetogenesis, nitrification and

denitrification and are critical for soil fertility.

15. Energy from light

The energy in sunlight is captured by plants, cyanobacteria, purple bacteria, green sulfur

bacteria and some protists. This process is often coupled to the conversion of carbon dioxide

into organic compounds, as part of photosynthesis, which is discussed below. The energy

capture and carbon fixation systems can however operate separately in prokaryotes, as purple

bacteria and green sulfur bacteria can use sunlight as a source of energy, while switching

between carbon fixation and the fermentation of organic compounds. In many organisms the

capture of solar energy is similar in principle to oxidative phosphorylation, as it involves

energy being stored as a proton concentration gradient and this proton motive force then

driving ATP synthesis. The electrons needed to drive this electron transport chain come from
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light-gathering proteins called photosynthetic reaction centres or rhodopsins. Reaction centers

are classed into two types depending on the type of photosynthetic pigment present, with

most photosynthetic bacteria only having one type, while plants and cyanobacteria have two.

In plants, algae, and cyanobateria, photosystem II uses light energy to remove electrons from

water, releasing oxygen as a waste product. The electrons then flow to the cytochrome b6f

complex, which uses their energy to pump protons across the thylakoid membrane in the

chloroplast. These protons move back through the membrane as they drive the ATP synthase,

as before. The electrons then flow through photosystem I and can then either be used to

reduce the coenzyme NADP+, for use in the Calvin cycle which is discussed below, or

recycled for further ATP generation.

16. Anabolism

Anabolism is the set of constructive metabolic processes where the energy released by

catabolism is used to synthesize complex molecules. In general, the complex molecules that

make up cellular structures are constructed step-by-step from small and simple precursors.

Anabolism involves three basic stages. Firstly, the production of precursors such as amino

acids, monosaccharides, isoprenoids and nucleotides, secondly, their activation into reactive

forms using energy from ATP, and thirdly, the assembly of these precursors into complex

molecules such as proteins, polysaccharides, lipids and nucleic acids. Organisms differ in

how many of the molecules in their cells they can construct for themselves. Autotrophs such

as plants can construct the complex organic molecules in cells such as polysaccharides and

proteins from simple molecules like carbon dioxide and water. Heterotrophs, on the other

hand, require a source of more complex substances, such as monosaccharides and amino

acids, to produce these complex molecules. Organisms can be further classified by ultimate

source of their energy: photoautotrophs and photoheterotrophs obtain energy from light,

whereas chemoautotrophs and chemoheterotrophs obtain energy from inorganic oxidation

reactions.

17. Carbon fixation

Plant cells (bounded by purple walls) filled with chloroplasts (green), which are the site of

photosynthesis. Photosynthesis g is the synthesis of carbohydrates from sunlight and carbon

dioxide (CO2). In plants, cyanobacteria and algae, oxygenic photosynthesis splits water, with

oxygen produced as a waste product. This process uses the ATP and NADPH produced by
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the photosynthetic reaction centres, as described above, to convert CO2 into glycerate 3-

phosphate, which can then be converted into glucose. This carbon-fixation reaction is carried

out by the enzyme RuBisCO as part of the Calvin Benson cycle. Three types of

photosynthesis occur in plants, C3 carbon fixation, C4 carbon fixation and CAM

photosynthesis. These differ by the route that carbon dioxide takes to the Calvin cycle, with

C3 plants fixing CO2directly, while C4 and CAM photosynthesis incorporate the CO2 into

other compounds first, as adaptations to deal with intense sunlight and dry conditions. In

photosynthetic prokaryotes the mechanisms of carbon fixation are more diverse. Here, carbon

dioxide can be fixed by the Calvin Benson cycle, a reversed citric acid cycle, or the

carboxylation of acetyl-CoA. Prokaryotic chemoautotrophs also fix CO2through the Calvin

Benson cycle, but use energy from inorganic compounds to drive the reaction.

18. Carbohydrates and glycans

In carbohydrate anabolism, simple organic acids can be converted into monosaccharides such

as glucose and then used to assemble polysaccharides such as starch. The generation of

glucose from compounds like pyruvate, lactate, glycerol, glycerate 3-phosphate and amino

acids is called gluconeogenesis. Gluconeogenesis converts pyruvate to glucose-6-phosphate

through a series of intermediates, many of which are shared with glycolysis. However, this

pathway is not simply glycolysis run in reverse, as several steps are catalyzed by non-

glycolytic enzymes. This is important as it allows the formation and breakdown of glucose to

be regulated separately and prevents both pathways from running simultaneously in a futile

cycle.

Although fat is a common way of storing energy, in vertebrates such as humans the fatty

acids in these stores cannot be converted to glucose through gluconeogenesis as these

organisms cannot convert acetyl-CoA into pyruvate; plants do, but animals do not, have the

necessary enzymatic machinery. As a result, after long-term starvation, vertebrates need to

produce ketone bodies from fatty acids to replace glucose in tissues such as the brain that

cannot metabolize fatty acids. In other organisms such as plants and bacteria, this metabolic

problem is solved using the glyoxylate cycle, which bypasses the decarboxylation step in the

citric acid cycle and allows the transformation of acetyl-CoA to oxaloacetate, where it can be

used for the production of glucose.
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Polysaccharides and glycans are made by the sequential addition of monosaccharides by

glycosyltransferase from a reactive sugar-phosphate donor such as uridine diphosphate

glucose (UDP-glucose) to an acceptor hydroxyl group on the growing polysaccharide. As any

of the hydroxyl groups on the ring of the substrate can be acceptors, the polysaccharides

produced can have straight or branched structures. The polysaccharides produced can have

structural or metabolic functions themselves, or be transferred to lipids and proteins by

enzymes called oligosaccharyltransferases.

19. Fatty acids, isoprenoids and steroids

Simplified version of the steroid synthesis pathway with the intermediates isopentenyl

pyrophosphate (IPP), dimethylallyl pyrophosphate (DMAPP), geranyl pyrophosphate (GPP)

and squalene shown. Some intermediates are omitted for clarity.

Fatty acids are made by fatty acid synthases that polymerize and then reduce acetyl-CoA

units. The acyl chains in the fatty acids are extended by a cycle of reactions that add the actyl

group, reduce it to an alcohol, dehydrate it to an alkene group and then reduce it again to an

alkane group. The enzymes of fatty acid biosynthesis are divided into two groups, in animals

and fungi all these fatty acid synthase reactions are carried out by a single multifunctional

type I protein, while in plant plastids and bacteria separate type II enzymes perform each step

in the pathway. Terpenes and isoprenoids are a large class of lipids that include the

carotenoids and form the largest class of plant natural products. These compounds are made

by the assembly and modification of isoprene units donated from the reactive precursors

isopentenyl pyrophosphate and dimethylallyl pyrophosphate. These precursors can be made

in different ways. In animals and archaea, the mevalonate pathway produces these

compounds from acetyl-CoA, while in plants and bacteria the non-mevalonate pathway uses

pyruvate and glyceraldehyde 3-phosphate as substrates. One important reaction that uses

these activated isoprene donors is steroid biosynthesis. Here, the isoprene units are joined

together to make squalene and then folded up and formed into a set of rings to make

lanosterol. Lanosterol can then be converted into other steroids such as cholesterol and

ergosterol.
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20. Proteins

Organisms vary in their ability to synthesize the 20 common amino acids. Most bacteria and

plants can synthesize all twenty, but mammals can synthesize only the ten nonessential amino

acids. Thus, the essential amino acids must be obtained from food. All amino acids are

synthesized from intermediates in glycolysis, the citric acid cycle, or the pentose phosphate

pathway. Nitrogen is provided by glutamate and glutamine. Amino acid synthesis depends on

the formation of the appropriate alpha-keto acid, which is then transaminated to form an

amino acid.

Amino acids are made into proteins by being joined together in a chain by peptide bonds.

Each different protein has a unique sequence of amino acid residues: this is its primary

structure. Just as the letters of the alphabet can be combined to form an almost endless variety

of words, amino acids can be linked in varying sequences to form a huge variety of proteins.

Proteins are made from amino acids that have been activated by attachment to a transfer RNA

molecule through an ester bond. This aminoacyl-tRNA precursor is produced in an ATP-

dependent reaction carried out by an aminoacyl tRNA synthetase. This aminoacyl-tRNA is

then a substrate for the ribosome, which joins the amino acid onto the elongating protein

chain, using the sequence information in a messenger RNA.

21. Nucleotide synthesis and salvage

Nucleotides are made from amino acids, carbon dioxide and formic acid in pathways that

require large amounts of metabolic energy. Consequently, most organisms have efficient

systems to salvage preformed nucleotides. Purines are synthesized as nucleosides (bases

attached to ribose). Both adenine and guanine are made from the precursor nucleoside inosine

monophosphate, which is synthesized using atoms from the amino acids glycine, glutamine,

and aspartic acid, as well as formate transferred from the coenzyme tetrahydrofolate.

Pyrimidines, on the other hand, are synthesized from the base orotate, which is formed from

glutamine and aspartate.

22. Xenobiotics and redox metabolism

All organisms are constantly exposed to compounds that they cannot use as foods and would

be harmful if they accumulated in cells, as they have no metabolic function. These potentially
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damaging compounds are called xenobiotics. Xenobiotics such as synthetic drugs, natural

poisons and antibiotics are detoxified by a set of xenobiotic-metabolizing enzymes. In

humans, these include cytochrome P450 oxidases, UDP-glucuronosyltransferases, and

glutathione S-transferases. This system of enzymes acts in three stages to firstly oxidize the

xenobiotic (phase I) and then conjugate water-soluble groups onto the molecule (phase II).

The modified water-soluble xenobiotic can then be pumped out of cells and in multicellular

organisms may be further metabolized before being excreted (phase III). In ecology, these

reactions are particularly important in microbial biodegradation of pollutants and the

bioremediation of contaminated land and oil spills. Many of these microbial reactions are

shared with multicellular organisms, but due to the incredible diversity of types of microbes

these organisms are able to deal with a far wider range of xenobiotics than multicellular

organisms, and can degrade even persistent organic pollutants such as organochloride

compounds.

A related problem for aerobic organisms is oxidative stress. Here, processes including

oxidative phosphorylation and the formation of disulfide bonds during protein folding

produce reactive oxygen species such as hydrogen peroxide. These damaging oxidants are

removed by antioxidant metabolites such as glutathione and enzymes such as catalases and

peroxidases.

23. Thermodynamics of living organisms

Living organisms must obey the laws of thermodynamics, which describe the transfer of heat

and work. The second law of thermodynamics states that in any closed system, the amount of

entropy (disorder) will tend to increase. Although living organisms' amazing complexity

appears to contradict this law, life is possible as all organisms are open systems that exchange

matter and energy with their surroundings. Thus living systems are not in equilibrium, but

instead are dissipative systems that maintain their state of high complexity by causing a larger

increase in the entropy of their environments. The metabolism of a cell achieves this by

coupling the spontaneous processes of catabolism to the non-spontaneous processes of

anabolism. In thermodynamic terms, metabolism maintains order by creating disorder.
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24. Regulation and control

As the environments of most organisms are constantly changing, the reactions of metabolism

must be finely regulated to maintain a constant set of conditions within cells, a condition

called homeostasis. Metabolic regulation also allows organisms to respond to signals and

interact actively with their environments. Two closely-linked concepts are important for

understanding how metabolic pathways are controlled. Firstly, the regulation of an enzyme in

a pathway is how its activity is increased and decreased in response to signals. Secondly, the

control exerted by this enzyme is the effect that these changes in its activity have on the

overall rate of the pathway (the flux through the pathway). For example, an enzyme may

show large changes in activity (i.e. it is highly regulated) but if these changes have little

effect on the flux of a metabolic pathway, then this enzyme is not involved in the control of

the pathway.

Insulin binds to its receptor (1) which in turn starts many protein activation cascades (2).

These include: translocation of Glut-4 transporter to the plasma membrane and influx of

glucose (3), glycogen synthesis (4), glycolysis (5) and fatty acid synthesis (6). There are

multiple levels of metabolic regulation. In intrinsic regulation, the metabolic pathway self-

regulates to respond to changes in the levels of substrates or products; for example, a

decrease in the amount of product can increase the flux through the pathway to compensate.

This type of regulation often involves allosteric regulation of the activities of multiple

enzymes in the pathway. Extrinsic control involves a cell in a multicellular organism

changing its metabolism in response to signals from other cells. These signals are usually in

the form of soluble messengers such as hormones and growth factors and are detected by

specific receptors on the cell surface. These signals are then transmitted inside the cell by

second messenger systems that often involved the phosphorylation of proteins. A very well

understood example of extrinsic control is the regulation of glucose metabolism by the

hormone insulin. Insulin is produced in response to rises in blood glucose levels. Binding of

the hormone to insulin receptors on cells then activates a cascade of protein kinases that

cause the cells to take up glucose and convert it into storage molecules such as fatty acids and

glycogen. The metabolism of glycogen is controlled by activity of phosphorylase, the enzyme

that breaks down glycogen, and glycogen synthase, the enzyme that makes it. These enzymes

are regulated in a reciprocal fashion, with phosphorylation inhibiting glycogen synthase, but
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activating phosphorylase. Insulin causes glycogen synthesis by activating protein

phosphatases and producing a decrease in the phosphorylation of these enzymes.

25. Evolution

Evolutionary tree showing the common ancestry of organisms from all three domains of life.

Bacteria are colored blue, eukaryotes red, and archaea green. Relative positions of some of

the phyla included are shown around the tree.

The central pathways of metabolism described above, such as glycolysis and the citric acid

cycle, are present in all three domains of living things and were present in the last universal

ancestor. This universal ancestral cell was prokaryotic and probably a methanogen that had

extensive amino acid, nucleotide, carbohydrate and lipid metabolism. The retention of these

ancient pathways during later evolution may be the result of these reactions being an optimal

solution to their particular metabolic problems, with pathways such as glycolysis and the

citric acid cycle producing their end products highly efficiently and in a minimal number of

steps. The first pathways of enzyme-based metabolism may have been parts of purine

nucleotide metabolism, with previous metabolic pathways being part of the ancient RNA

world.

Many models have been proposed to describe the mechanisms by which novel metabolic

pathways evolve. These include the sequential addition of novel enzymes to a short ancestral

pathway, the duplication and then divergence of entire pathways as well as the recruitment of

pre-existing enzymes and their assembly into a novel reaction pathway. The relative

importance of these mechanisms is unclear, but genomic studies have shown that enzymes in

a pathway are likely to have a shared ancestry, suggesting that many pathways have evolved

in a step-by-step fashion with novel functions being created from pre-existing steps in the

pathway. An alternative model comes from studies that trace the evolution of proteins'

structures in metabolic networks, this has suggested that enzymes are pervasively recruited,

borrowing enzymes to perform similar functions in different metabolic pathways (evident in

the MANET database) These recruitment processes result in an evolutionary enzymatic

mosaic. A third possibility is that some parts of metabolism might exist as "modules" that can

be reused in different pathways and perform similar functions on different molecules. As well
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as the evolution of new metabolic pathways, evolution can also cause the loss of metabolic

functions. For example, in some parasites metabolic processes that are not essential for

survival are lost and preformed amino acids, nucleotides and carbohydrates may instead be

scavenged from the host. Similar reduced metabolic capabilities are seen in endosymbiotic

organisms.

26. Investigation and manipulation

Metabolic network of the Arabidopsis thaliana citric acid cycle. Enzymes and metabolites are

shown as red squares and the interactions between them as black lines.

Classically, metabolism is studied by a reductionist approach that focuses on a single

metabolic pathway. Particularly valuable is the use of radioactive tracers at the whole-

organism, tissue and cellular levels, which define the paths from precursors to final products

by identifying radioactively-labelled intermediates and products. The enzymes that catalyze

these chemical reactions can then be purified and their kinetics and responses to inhibitors

investigated. A parallel approach is to identify the small molecules in a cell or tissue; the

complete set of these molecules is called the metabolome. Overall, these studies give a good

view of the structure and function of simple metabolic pathways, but are inadequate when

applied to more complex systems such as the metabolism of a complete cell. An idea of the

complexity of the metabolic networks in cells that contain thousands of different enzymes is

given by the figure showing the interactions between just 43 proteins and 40 metabolites to

the right: the sequences of genomes provide lists containing anything up to 45,000 genes.

However, it is now possible to use this genomic data to reconstruct complete networks of

biochemical reactions and produce more holistic mathematical models that may explain and

predict their behavior. These models are especially powerful when used to integrate the

pathway and metabolite data obtained through classical methods with data on gene

expression from proteomic and DNA microarray studies. Using these techniques, a model of

human metabolism has now been produced, which will guide future drug discovery and

biochemical research. These models are now being used in network analysis, to classify

human diseases into groups that share common proteins or metabolites.

A major technological application of this information is metabolic engineering. Here,

organisms such as yeast, plants or bacteria are genetically-modified to make them more

useful in biotechnology and aid the production of drugs such as antibiotics or industrial
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chemicals such as 1,3-propanediol and shikimic acid. These genetic modifications usually

aim to reduce the amount of energy used to produce the product, increase yields and reduce

the production of wastes.

27. History

The term metabolism is derived from the GreekΜεταβολισμός "Metabolismos" for "change",

or "overthrow". The history of the scientific study of metabolism spans several centuries and

has moved from examining whole animals in early studies, to examining individual metabolic

reactions in modern biochemistry. The concept of metabolism dates back to Ibn al-Nafis ,

who stated that "the body and its parts are in a continuous state of dissolution and

nourishment, so they are inevitably undergoing permanent change." The first controlled

experiments in human metabolism were published by Santorio in 1614 in his book Ars de

statica medecina. He described how he weighed himself before and after eating, sleeping,

working, sex, fasting, drinking, and excreting. He found that most of the food he took in was

lost through what he called "insensible perspiration".

In these early studies, the mechanisms of these metabolic processes had not been identified

and a vital force was thought to animate living tissue. In the 19th century, when studying the

fermentation of sugar to alcohol by yeast, Louis Pasteur concluded that fermentation was

catalyzed by substances within the yeast cells he called "ferments". He wrote that "alcoholic

fermentation is an act correlated with the life and organization of the yeast cells, not with the

death or putrefaction of the cells." This discovery, along with the publication by Friedrich

Whler in 1828 of the chemical synthesis of urea, proved that the organic compounds and

chemical reactions found in cells were no different in principle than any other part of

chemistry. It was the discovery of enzymes at the beginning of the 20th century by Eduard

Buchner that separated the study of the chemical reactions of metabolism from the biological

study of cells, and marked the beginnings of biochemistry. The mass of biochemical

knowledge grew rapidly throughout the early 20th century. One of the most prolific of these

modern biochemists was Hans Krebs who made huge contributions to the study of

metabolism. He discovered the urea cycle and later, working with Hans Kornberg, the citric

acid cycle and the glyoxylate cycle. Modern biochemical research has been greatly aided by

the development of new techniques such as chromatography, X-ray diffraction, NMR

spectroscopy, radioisotopic labelling, electron microscopy and molecular dynamics
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simulations. These techniques have allowed the discovery and detailed analysis of the many

molecules and metabolic pathways in cells.
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 Enzymes

Definition/Overview:

The B-complex vitamins include thiamin, riboflavin, vitamin B6, niacin, folate, vitamin B12,

pantothenic acid, and biotin. Except for folate and B12, the B-complex vitamins primarily act

as coenzymes that assist enzymes in the metabolism of carbohydrates, fats, and amino acids.

Food sources of B-vitamins include enriched and whole-grain products, meats, dairy

products, and some fruits and vegetables. A deficiency of thiamin can cause beriberi and a

deficiency of niacin can cause pellagra. Megadoses of B-vitamin supplements can be toxic.

Choline is a vitamin-like substance that assists with homocysteine metabolism and

accelerates the release of the neurotransmitter acetylcholine. Iodine is a trace mineral needed

for synthesis of thyroid hormones which regulate metabolic rate, reproduction, and growth.

Chromium is a trace mineral that enhances the ability of insulin to transport glucose from the

bloodstream into the cell, for the metabolism of RNA and DNA, and support of normal

growth and development.

Manganese is involved in energy metabolism, the formation of urea, synthesis of bone

protein matrix and cartilage, and in protecting our bodies from free radicals as a component

of the superoxide dismutase antioxidant system. Sulfur is a major mineral that is a component

of the B-complex vitamins thiamin and biotin, and also part of the amino acids methionine

and cysteine. Sulfur helps stabilize the three-dimensional shapes of proteins and helps the

liver detoxify alcohol and various drugs. Inadequate levels of B-vitamins can reduce an

individuals ability to perform physical activity. A diet high in processed foods, sugar, and fat

is inadequate in B-vitamins.

Key Points:

1. Enzymes

Enzymes are biomolecules that catalyze (i.e., increase the rates of) chemical reactions.

Almost all enzymes are proteins. In enzymatic reactions, the molecules at the beginning of

the process are called substrates, and the enzyme converts them into different molecules, the

products. Almost all processes in a biological cell need enzymes to occur at significant rates.

Since enzymes are selective for their substrates and speed up only a few reactions from

www.bsscommunitycollege.in   www.bssnewgeneration.in  www.bsslifeskillscollege.in

75
www.onlineeducation.bharatsevaksamaj.net        www.bssskillmission.in

WWW.BSSVE.IN



among many possibilities, the set of enzymes made in a cell determines which metabolic

pathways occur in that cell. Like all catalysts, enzymes work by lowering the activation

energy (Ea or ΔG) for a reaction, thus dramatically increasing the rate of the reaction. Most

enzyme reaction rates are millions of times faster than those of comparable un-catalyzed

reactions. As with all catalysts, enzymes are not consumed by the reactions they catalyze, nor

do they alter the equilibrium of these reactions. However, enzymes do differ from most other

catalysts by being much more specific. Enzymes are known to catalyze about 4,000

biochemical reactions. A few RNA molecules called ribozymes catalyze reactions, with an

important example being some parts of the ribosome. Synthetic molecules called artificial

enzymes also display enzyme-like catalysis. Enzyme activity can be affected by other

molecules. Inhibitors are molecules that decrease enzyme activity; activators are molecules

that increase activity. Many drugs and poisons are enzyme inhibitors. Activity is also affected

by temperature, chemical environment (e.g., pH), and the concentration of substrate. Some

enzymes are used commercially, for example, in the synthesis of antibiotics. In addition,

some household products use enzymes to speed up biochemical reactions (e.g., enzymes in

biological washing powders break down protein or fat stains on clothes; enzymes in meat

tenderizers break down proteins, making the meat easier to chew).

2. Etymology and history

As early as the late 1700s and early 1800s, the digestion of meat by stomach secretions and

the conversion of starch to sugars by plant extracts and saliva were known. However, the

mechanism by which this occurred had not been identified.

In the 19th century, when studying the fermentation of sugar to alcohol by yeast, Louis

Pasteur came to the conclusion that this fermentation was catalyzed by a vital force contained

within the yeast cells called "ferments", which were thought to function only within living

organisms. He wrote that "alcoholic fermentation is an act correlated with the life and

organization of the yeast cells, not with the death or putrefaction of the cells." In 1878,

German physiologist Wilhelm Khne first used the term enzyme, which comes from

Greekενζυμον, "in leaven", to describe this process. The word enzyme was used later to refer

to nonliving substances such as pepsin, and the word ferment was used to refer to chemical

activity produced by living organisms. In 1897, Eduard Buchner began to study the ability of

yeast extracts that lacked any living yeast cells to ferment sugar. In a series of experiments at

the University of Berlin, he found that the sugar was fermented even when there were no
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living yeast cells in the mixture. He named the enzyme that brought about the fermentation of

sucrose "zymase". In 1907, he received the Nobel Prize in Chemistry "for his biochemical

research and his discovery of cell-free fermentation". Following Buchner's example, enzymes

are usually named according to the reaction they carry out. Typically, to generate the name of

an enzyme, the suffix -ase is added to the name of its substrate (e.g., lactase is the enzyme

that cleaves lactose) or the type of reaction (e.g., DNA polymerase forms DNA polymers).

Having shown that enzymes could function outside a living cell, the next step was to

determine their biochemical nature. Many early workers noted that enzymatic activity was

associated with proteins, but several scientists (such as Nobel laureate Richard Willsttter)

argued that proteins were merely carriers for the true enzymes and that proteins per se were

incapable of catalysis. However, in 1926, James B. Sumner showed that the enzyme urease

was a pure protein and crystallized it; Sumner did likewise for the enzyme catalase in 1937.

The conclusion that pure proteins can be enzymes was definitively proved by Northrop and

Stanley, who worked on the digestive enzymes pepsin (1930), trypsin and chymotrypsin.

These three scientists were awarded the 1946 Nobel Prize in Chemistry. This discovery that

enzymes could be crystallized eventually allowed their structures to be solved by x-ray

crystallography. This was first done for lysozyme, an enzyme found in tears, saliva and egg

whites that digests the coating of some bacteria; the structure was solved by a group led by

David Chilton Phillips and published in 1965. This high-resolution structure of lysozyme

marked the beginning of the field of structural biology and the effort to understand how

enzymes work at an atomic level of detail.

3. Structures and mechanisms

Enzymes are generally globular proteins and range from just 62 amino acid residues in size,

for the monomer of 4-oxalocrotonate tautomerase, to over 2,500 residues in the animal fatty

acid synthase. A small number of RNA-based biological catalysts exist, with the most

common being the ribosome; these are referred to as either RNA-enzymes or ribozymes. The

activities of enzymes are determined by their three-dimensional structure. However, although

structure does determine function, predicting a novel enzyme's activity just from its structure

is a very difficult problem that has not yet been solved. Most enzymes are much larger than

the substrates they act on, and only a small portion of the enzyme (around 34 amino acids) is

directly involved in catalysis. The region that contains these catalytic residues, binds the

substrate, and then carries out the reaction is known as the active site. Enzymes can also
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contain sites that bind cofactors, which are needed for catalysis. Some enzymes also have

binding sites for small molecules, which are often direct or indirect products or substrates of

the reaction catalyzed. This binding can serve to increase or decrease the enzyme's activity,

providing a means for feedback regulation.

Like all proteins, enzymes are made as long, linear chains of amino acids that fold to produce

a three-dimensional product. Each unique amino acid sequence produces a specific structure,

which has unique properties. Individual protein chains may sometimes group together to form

a protein complex. Most enzymes can be denaturedthat is, unfolded and inactivatedby heating

or chemical denaturants, which disrupt the three-dimensional structure of the protein.

Depending on the enzyme, denaturation may be reversible or irreversible.

4. Specificity

Enzymes are usually very specific as to which reactions they catalyze and the substrates that

are involved in these reactions. Complementary shape, charge and hydrophilic/hydrophobic

characteristics of enzymes and substrates are responsible for this specificity. Enzymes can

also show impressive levels of stereospecificity, regioselectivity and chemoselectivity.

Some of the enzymes showing the highest specificity and accuracy are involved in the

copying and expression of the genome. These enzymes have "proof-reading" mechanisms.

Here, an enzyme such as DNA polymerase catalyzes a reaction in a first step and then checks

that the product is correct in a second step. This two-step process results in average error

rates of less than 1 error in 100 million reactions in high-fidelity mammalian polymerases.

Similar proofreading mechanisms are also found in RNA polymerase, aminoacyl tRNA

synthetases and ribosomes.

Some enzymes that produce secondary metabolites are described as promiscuous, as they can

act on a relatively broad range of different substrates. It has been suggested that this broad

substrate specificity is important for the evolution of new biosynthetic pathways.

5. "Lock and key" model

Enzymes are very specific, and it was suggested by Emil Fischer in 1894 that this was

because both the enzyme and the substrate possess specific complementary geometric shapes

that fit exactly into one another. This is often referred to as "the lock and key" model.
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However, while this model explains enzyme specificity, it fails to explain the stabilization of

the transition state that enzymes achieve. The "lock and key" model has proven inaccurate,

and the induced fit model is the most currently accepted enzyme-substrate-coenzyme figure.

6. Induced fit model

In 1958, Daniel Koshland suggested a modification to the lock and key model: since enzymes

are rather flexible structures, the active site is continually reshaped by interactions with the

substrate as the substrate interacts with the enzyme. As a result, the substrate does not simply

bind to a rigid active site; the amino acid side chains which make up the active site are

moulded into the precise positions that enable the enzyme to perform its catalytic function. In

some cases, such as glycosidases, the substrate molecule also changes shape slightly as it

enters the active site. The active site continues to change until the substrate is completely

bound, at which point the final shape and charge is determined.

7. Mechanisms

Enzymes can act in several ways, all of which lower ΔG:

 Lowering the activation energy by creating an environment in which the transition state is

stabilized (e.g. straining the shape of a substrateby binding the transition-state conformation

of the substrate/product molecules, the enzyme distorts the bound substrate(s) into their

transition state form, thereby reducing the amount of energy required to complete the

transition).

 Lowering the energy of the transition state, but without distorting the substrate, by creating an

environment with the opposite charge distribution to that of the transition state.

 Providing an alternative pathway. For example, temporarily reacting with the substrate to

form an intermediate ES complex, which would be impossible in the absence of the enzyme.

 Reducing the reaction entropy change by bringing substrates together in the correct

orientation to react. Considering ΔH alone overlooks this effect.

 Interestingly, this entropic effect involves destabilization of the ground state, and its

contribution to catalysis is relatively small.
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8. Transition StateStabilization

The understanding of the origin of the reduction of ΔG requires one to find out how the

enzymes can stabilize its transition state more than the transition state of the uncatalyzed

reaction. Apparently, the most effective way for reaching large stabilization is the use of

electrostatic effects, in particular, by having a relatively fixed polar environment that is

oriented toward the charge distribution of the transition state. Such an environment does not

exist in the uncatalyzed reaction in water.

9. Dynamics and function

The internal dynamics of enzymes is connected to their mechanism of catalysis. Internal

dynamics are the movement of parts of the enzyme's structure, such as individual amino acid

residues, a group of amino acids, or even an entire protein domain. These movements occur

at various time-scales ranging from femtoseconds to seconds. Networks of protein residues

throughout an enzyme's structure can contribute to catalysis through dynamic motions.

Protein motions are vital to many enzymes, but whether small and fast vibrations, or larger

and slower conformational movements are more important depends on the type of reaction

involved. However, although these movements are important in binding and releasing

substrates and products, it is not clear if protein movements help to accelerate the chemical

steps in enzymatic reactions.

10. Allosteric modulation

Allosteric enzymes change their structure in response to binding of effectors. Modulation can

be direct, where the effector binds directly to binding sites in the enzyme, or indirect, where

the effector binds to other proteins or protein subunits that interact with the allosteric enzyme

and thus influence catalytic activity.

11. Cofactors and coenzymes

These new insights also have implications in understanding allosteric effects and developing

new drugs.

www.bsscommunitycollege.in   www.bssnewgeneration.in  www.bsslifeskillscollege.in

80
www.onlineeducation.bharatsevaksamaj.net        www.bssskillmission.in

WWW.BSSVE.IN



12. Cofactors

Some enzymes do not need any additional components to show full activity. However, others

require non-protein molecules called cofactors to be bound for activity. Cofactors can be

either inorganic (e.g., metal ions and iron-sulfur clusters) or organic compounds (e.g., flavin

and heme). Organic cofactors can be either prosthetic groups, which are tightly bound to an

enzyme, or coenzymes, which are released from the enzyme's active site during the reaction.

Coenzymes include NADH, NADPH and adenosine triphosphate. These molecules act to

transfer chemical groups between enzymes. An example of an enzyme that contains a

cofactor is carbonic anhydrase, and is shown in the ribbon diagram above with a zinc cofactor

bound as part of its active site. These tightly-bound molecules are usually found in the active

site and are involved in catalysis. For example, flavin and heme cofactors are often involved

in redox reactions. Enzymes that require a cofactor but do not have one bound are called

apoenzymes or apoproteins. An apoenzyme together with its cofactor(s) is called a

holoenzyme (this is the active form). Most cofactors are not covalently attached to an

enzyme, but are very tightly bound. However, organic prosthetic groups can be covalently

bound (e.g., thiamine pyrophosphate in the enzyme pyruvate dehydrogenase). The term

"holoenzyme" can also be applied to enzymes that contain multiple protein subunits, such as

the DNA polymerases, here the holoenzyme is the complete complex containing all the

subunits needed for activity.

13. Coenzymes

Coenzymes are small organic molecules that transport chemical groups from one enzyme to

another. Some of these chemicals such as riboflavin, thiamine and folic acid are vitamins

(compounds which cannot be synthesized by the body and must be acquired from the diet).

The chemical groups carried include the hydride ion (H-) carried by NAD or NADP+, the

acetyl group carried by coenzyme A, formyl, methenyl or methyl groups carried by folic acid

and the methyl group carried by S-adenosylmethionine.

Since coenzymes are chemically changed as a consequence of enzyme action, it is useful to

consider coenzymes to be a special class of substrates, or second substrates, which are
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common to many different enzymes. For example, about 700 enzymes are known to use the

coenzyme NADH.

Coenzymes are usually regenerated and their concentrations maintained at a steady level

inside the cell: for example, NADPH is regenerated through the pentose phosphate pathway

and S-adenosylmethionine by methionine adenosyltransferase.

14. Thermodynamics

As all catalysts, enzymes do not alter the position of the chemical equilibrium of the reaction.

Usually, in the presence of an enzyme, the reaction runs in the same direction as it would

without the enzyme, just more quickly. However, in the absence of the enzyme, other

possible uncatalyzed, "spontaneous" reactions might lead to different products, because in

those conditions this different product is formed faster.

Furthermore, enzymes can couple two or more reactions, so that a thermodynamically

favorable reaction can be used to "drive" a thermodynamically unfavorable one. For example,

the hydrolysis of ATP is often used to drive other chemical reactions.

Enzymes catalyze the forward and backward reactions equally. They do not alter the

equilibrium itself, but only the speed at which it is reached. For example, carbonic anhydrase

catalyzes its reaction in either direction depending on the concentration of its reactants.

(in tissues; high CO2concentration)

(in lungs; low CO2concentration)

Nevertheless, if the equilibrium is greatly displaced in one direction, that is, in a very

exergonic reaction, the reaction is effectively irreversible. Under these conditions the enzyme

will, in fact, only catalyze the reaction in the thermodynamically allowed direction.
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15. Kinetics

Mechanism for a single substrate enzyme catalyzed reaction. The enzyme (E) binds a

substrate (S) and produces a product (P). Enzyme kinetics is the investigation of how

enzymes bind substrates and turn them into products. The rate data used in kinetic analyses

are obtained from enzyme assays. In 1902 Victor Henri proposed a quantitative theory of

enzyme kinetics, but his experimental data were not useful because the significance of the

hydrogen ion concentration was not yet appreciated. After Peter Lauritz Srensen had defined

the logarithmic pH-scale and introduced the concept of buffering in 1909 the German chemist

Leonor Michaelis and his Canadian postdoc Maud Leonora Menten repeated Henri's

experiments and confirmed his equation which is referred to as Henri-Michaelis-Menten

kinetics (sometimes also Michaelis-Menten kinetics). Their work was further developed by

G. E. Briggs and J. B. S. Haldane, who derived kinetic equations that are still widely used

today. The major contribution of Henri was to think of enzyme reactions in two stages. In the

first, the substrate binds reversibly to the enzyme, forming the enzyme-substrate complex.

This is sometimes called the Michaelis complex. The enzyme then catalyzes the chemical

step in the reaction and releases the product.

Enzymes can catalyze up to several million reactions per second. For example, the reaction

catalyzed by orotidine 5'-phosphate decarboxylase will consume half of its substrate in 78

million years if no enzyme is present. However, when the decarboxylase is added, the same

process takes just 25 milliseconds. Enzyme rates depend on solution conditions and substrate

concentration. Conditions that denature the protein abolish enzyme activity, such as high

temperatures, extremes of pH or high salt concentrations, while raising substrate

concentration tends to increase activity. To find the maximum speed of an enzymatic

reaction, the substrate concentration is increased until a constant rate of product formation is

seen. This is shown in the saturation curve on the right. Saturation happens because, as

substrate concentration increases, more and more of the free enzyme is converted into the

substrate-bound ES form. At the maximum velocity (Vmax) of the enzyme, all the enzyme

active sites are bound to substrate, and the amount of ES complex is the same as the total

amount of enzyme. However, Vmaxis only one kinetic constant of enzymes. The amount of

substrate needed to achieve a given rate of reaction is also important. This is given by the

Michaelis-Menten constant (Km), which is the substrate concentration required for an enzyme
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to reach one-half its maximum velocity. Each enzyme has a characteristic Km for a given

substrate, and this can show how tight the binding of the substrate is to the enzyme. Another

useful constant is kcat, which is the number of substrate molecules handled by one active site

per second.

The efficiency of an enzyme can be expressed in terms of kcat/Km. This is also called the

specificity constant and incorporates the rate constants for all steps in the reaction. Because

the specificity constant reflects both affinity and catalytic ability, it is useful for comparing

different enzymes against each other, or the same enzyme with different substrates. The

theoretical maximum for the specificity constant is called the diffusion limit and is about

108to 109 (M-1 s-1). At this point every collision of the enzyme with its substrate will result in

catalysis, and the rate of product formation is not limited by the reaction rate but by the

diffusion rate. Enzymes with this property are called catalytically perfect or kinetically

perfect. Example of such enzymes are triose-phosphate isomerase, carbonic anhydrase,

acetylcholinesterase, catalase, fumarase, β-lactamase, and superoxide dismutase. Michaelis-

Menten kinetics relies on the law of mass action, which is derived from the assumptions of

free diffusion and thermodynamically-driven random collision. However, many biochemical

or cellular processes deviate significantly from these conditions, because of macromolecular

crowding, phase-separation of the enzyme/substrate/product, or one or two-dimensional

molecular movement. In these situations, a fractal Michaelis-Menten kinetics may be applied.

Some enzymes operate with kinetics which are faster than diffusion rates, which would seem

to be impossible. Several mechanisms have been invoked to explain this phenomenon. Some

proteins are believed to accelerate catalysis by drawing their substrate in and pre-orienting

them by using dipolar electric fields. Other models invoke a quantum-mechanical tunneling

explanation, whereby a proton or an electron can tunnel through activation barriers, although

for proton tunneling this model remains somewhat controversial. Quantum tunneling for

protons has been observed in tryptamine. This suggests that enzyme catalysis may be more

accurately characterized as "through the barrier" rather than the traditional model, which

requires substrates to go "over" a lowered energy barrier.
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16. Inhibition

17. Types of inhibition

Enzyme reaction rates can be decreased by various types of enzyme inhibitors.

17.1. Competitive inhibition

In competitive inhibition, the inhibitor and substrate compete for the enzyme

(i.e., they cannot bind at the same time). Often competitive inhibitors strongly

resemble the real substrate of the enzyme. For example, methotrexate is a

competitive inhibitor of the enzyme dihydrofolate reductase, which catalyzes

the reduction of dihydrofolate to tetrahydrofolate. The similarity between the

structures of folic acid and this drug are shown in the figure to the right

bottom. Note that binding of the inhibitor need not be to the substrate binding

site (as frequently stated), if binding of the inhibitor changes the conformation

of the enzyme to prevent substrate binding and vice versa. In competitive

inhibition the maximal velocity of the reaction is not changed, but higher

substrate concentrations are required to reach a given velocity, increasing the

apparent Km.

17.2. Uncompetitive inhibition

In uncompetitive inhibition the inhibitor can not bind to the free enzyme, but

only to the ES-complex. The EIS-complex thus formed is enzymatically

inactive. This type of inhibition is rare, but may occur in multimeric enzymes.

17.3. Non-competitive inhibition

Non-competitive inhibitors can bind to the enzyme at the same time as the

substrate, i.e. they never bind to the active site. Both the EI and EIS complexes

are enzymatically inactive. Because the inhibitor can not be driven from the

enzyme by higher substrate concentration (in contrast to competitive
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inhibition), the apparent Vmaxchanges. But because the substrate can still bind

to the enzyme, the Kmstays the same.

17.4. Mixed inhibition

This type of inhibition resembles the non-competitive, except that the EIS-

complex has residual enzymatic activity. In many organisms inhibitors may

act as part of a feedback mechanism. If an enzyme produces too much of one

substance in the organism, that substance may act as an inhibitor for the

enzyme at the beginning of the pathway that produces it, causing production

of the substance to slow down or stop when there is sufficient amount. This is

a form of negative feedback. Enzymes which are subject to this form of

regulation are often multimeric and have allosteric binding sites for regulatory

substances. Their substrate/velocity plots are not hyperbolar, but sigmoidal (S-

shaped).

The coenzyme folic acid (left) and the anti-cancer drug methotrexate

(right) are very similar in structure. As a result, methotrexate is a

competitive inhibitor of many enzymes that use folates. Irreversible

inhibitors react with the enzyme and form a covalent adduct with the

protein. The inactivation is irreversible. These compounds include

eflornithine a drug used to treat the parasitic disease sleeping sickness.

Penicillin and Aspirin also act in this manner. With these drugs, the

compound is bound in the active site and the enzyme then converts the

inhibitor into an activated form that reacts irreversibly with one or

more amino acid residues.

18. Uses of inactivators

Inhibitors are often used as drugs, but they can also act as poisons. However, the difference

between a drug and a poison is usually only a matter of amount, since most drugs are toxic at

some level, as Paracelsus wrote, "In all things there is a poison, and there is nothing without a
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poison." Equally, antibiotics and other anti-infective drugs are just specific poisons that kill a

pathogen but not its host.

An example of an inactivator being used as a drug is aspirin, which inhibits the COX-1 and

COX-2 enzymes that produce the inflammation messenger prostaglandin, thus suppressing

pain and inflammation. The poison cyanide is an irreversible enzyme inactivator that

combines with the copper and iron in the active site of the enzyme cytochrome c oxidase and

blocks cellular respiration.

19. Biological function

Enzymes serve a wide variety of functions inside living organisms. They are indispensable

for signal transduction and cell regulation, often via kinases and phosphatases. They also

generate movement, with myosin hydrolysing ATP to generate muscle contraction and also

moving cargo around the cell as part of the cytoskeleton. Other ATPases in the cell

membrane are ion pumps involved in active transport. Enzymes are also involved in more

exotic functions, such as luciferase generating light in fireflies. Viruses can also contain

enzymes for infecting cells, such as the HIV integrase and reverse transcriptase, or for viral

release from cells, like the influenza virus neuraminidase.

An important function of enzymes is in the digestive systems of animals. Enzymes such as

amylases and proteases break down large molecules (starch or proteins, respectively) into

smaller ones, so they can be absorbed by the intestines. Starch molecules, for example, are

too large to be absorbed from the intestine, but enzymes hydrolyse the starch chains into

smaller molecules such as maltose and eventually glucose, which can then be absorbed.

Different enzymes digest different food substances. In ruminants which have a herbivorous

diets, microorganisms in the gut produce another enzyme, cellulase to break down the

cellulose cell walls of plant fiber.

Several enzymes can work together in a specific order, creating metabolic pathways. In a

metabolic pathway, one enzyme takes the product of another enzyme as a substrate. After the

catalytic reaction, the product is then passed on to another enzyme. Sometimes more than one

enzyme can catalyze the same reaction in parallel, this can allow more complex regulation:

with for example a low constant activity being provided by one enzyme but an inducible high

activity from a second enzyme.
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Enzymes determine what steps occur in these pathways. Without enzymes, metabolism

would neither progress through the same steps, nor be fast enough to serve the needs of the

cell. Indeed, a metabolic pathway such as glycolysis could not exist independently of

enzymes. Glucose, for example, can react directly with ATP to become phosphorylated at one

or more of its carbons. In the absence of enzymes, this occurs so slowly as to be insignificant.

However, if hexokinase is added, these slow reactions continue to take place except that

phosphorylation at carbon 6 occurs so rapidly that if the mixture is tested a short time later,

glucose-6-phosphate is found to be the only significant product. Consequently, the network of

metabolic pathways within each cell depends on the set of functional enzymes that are

present.

20. Control of activity

There are five main ways that enzyme activity is controlled in the cell.

 Enzyme production (transcription and translation of enzyme genes) can be enhanced or

diminished by a cell in response to changes in the cell's environment. This form of gene

regulation is called enzyme induction and inhibition. For example, bacteria may become

resistant to antibiotics such as penicillin because enzymes called beta-lactamases are induced

that hydrolyse the crucial beta-lactam ring within the penicillin molecule. Another example

are enzymes in the liver called cytochrome P450 oxidases, which are important in drug

metabolism. Induction or inhibition of these enzymes can cause drug interactions.

 Enzymes can be compartmentalized, with different metabolic pathways occurring in different

cellular compartments. For example, fatty acids are synthesized by one set of enzymes in the

cytosol, endoplasmic reticulum and the Golgi apparatus and used by a different set of

enzymes as a source of energy in the mitochondrion, through β-oxidation.

 Enzymes can be regulated by inhibitors and activators. For example, the end product(s) of a

metabolic pathway are often inhibitors for one of the first enzymes of the pathway (usually

the first irreversible step, called committed step), thus regulating the amount of end product

made by the pathways. Such a regulatory mechanism is called a negative feedback

mechanism, because the amount of the end product produced is regulated by its own

concentration. Negative feedback mechanism can effectively adjust the rate of synthesis of

intermediate metabolites according to the demands of the cells. This helps allocate materials

and energy economically, and prevents the manufacture of excess end products. The control

of enzymatic action helps to maintain a stable internal environment in living organisms.
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 Enzymes can be regulated through post-translational modification. This can include

phosphorylation, myristoylation and glycosylation. For example, in the response to insulin,

the phosphorylation of multiple enzymes, including glycogen synthase, helps control the

synthesis or degradation of glycogen and allows the cell to respond to changes in blood sugar.

Another example of post-translational modification is the cleavage of the polypeptide chain.

Chymotrypsin, a digestive protease, is produced in inactive form as chymotrypsinogen in the

pancreas and transported in this form to the stomach where it is activated. This stops the

enzyme from digesting the pancreas or other tissues before it enters the gut. This type of

inactive precursor to an enzyme is known as a zymogen.

 Some enzymes may become activated when localized to a different environment (eg. from a

reducing (cytoplasm) to an oxidising (periplasm) environment, high pH to low pH etc). For

example, hemagglutinin in the influenza virus is activated by a conformational change caused

by the acidic conditions, these occur when it is taken up inside its host cell and enters the

lysosome.

21. Involvement in disease

Since the tight control of enzyme activity is essential for homeostasis, any malfunction

(mutation, overproduction, underproduction or deletion) of a single critical enzyme can lead

to a genetic disease. The importance of enzymes is shown by the fact that a lethal illness can

be caused by the malfunction of just one type of enzyme out of the thousands of types present

in our bodies. One example is the most common type of phenylketonuria. A mutation of a

single amino acid in the enzyme phenylalanine hydroxylase, which catalyzes the first step in

the degradation of phenylalanine, results in build-up of phenylalanine and related products.

This can lead to mental retardation if the disease is untreated. Another example is when

germline mutations in genes coding for DNA repair enzymes cause hereditary cancer

syndromes such as xeroderma pigmentosum. Defects in these enzymes cause cancer since the

body is less able to repair mutations in the genome. This causes a slow accumulation of

mutations and results in the development of many types of cancer in the sufferer.

22. Digestion enzymes

Digestion enzymes are enzymes that break down polymeric macromolecules into their

smaller building blocks. Digestive enzymes are found in the digestive tract of animals or

humans where they aid in the digestion of food as well as inside cells, especially in their
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lysosomes. Enzymes are also found in your saliva, which are made from your salivary glands.

Digestion enzymes are classified by their substrates: proteases and peptidases split proteins

into amino acids, lipases split fat into fatty acids, carbohydrases split carbohydrates such as

starch into sugars, and nucleases split nucleic acids into nucleotides. In the human digestive

system, the main sites of digestion are the oral cavity, the stomach, the duodenum, and the

jejunum and digestive enzymes are secreted by different glands: the salivary glands, the

glands in the stomach, the pancreas, and the glands in the small intestines.

23. Oral cavity

In the oral cavity, salivary glands secrete (or create) ptyalin. It is a type of α-amylase, which

digests starch into small segments of multiple sugars and into the individual soluble sugars.

Secreted by small and large salivary glands.

Salivary glands also secrete lysozyme, which kills bacteria but is not classified as a digestive

enzyme.

Summary of the actions of digestive enzymes:

 Salivary Amylase (also known as ptaylin) (Mouth) produced by salivary glands breaks down

starch into sugar.

 Pepsin produced by Stomach gastric pit Breaks down protein into peptides

 Amylase produced by Pancreas breaks down starch into sugar

 Lipase produced by Pancreas breaks down lipids into fatty acids and glycerol

24. Stomach

The enzymes that get secreted in the stomach are called gastric enzymes. These are the

following:

 Pepsin is the main gastric enzyme. As it breaks proteins into smaller peptide fragments.

 Gelatinase, degrades type I and type V gelatin and type IV and V collagen, which are

proteoglycans in meat.

 Gastric amylase degrades starch, but is of minor significance.

 Gastric lipase is a tributyrase by its biochemical activity, as it acts almost exclusively on

tributyrin, a butter fat enzyme.

www.bsscommunitycollege.in   www.bssnewgeneration.in  www.bsslifeskillscollege.in

90
www.onlineeducation.bharatsevaksamaj.net        www.bssskillmission.in

WWW.BSSVE.IN



 Pepsin enzyme is secreted by gastric glands

25. Small intestine

 Trypsin produced by Pancreas Breaks down Peptides into Amino acids,

 Sucrase etc produced by Ileum Breaks down sucrose into glucose and fructose

 Enzymes are also in your mouth, helping to break down food, as well as the teeth are.

Complex food substances taken by animals must be broken down into simple, soluble and

diffusible substances before they can be absorbed into the body.

26. Pancreatic enzyme

The pancreas is the main digestive gland in our body. It secretes the enzymes:

 Trypsin, is a peptidase, that breaks down peptides in the small intestine.

 Chymotrypsin, also a peptidase

 Steapsin, degrades triglycerides into fatty acids and glycerol.

 Carboxypeptidase, splits peptide fragments into individual amino acids. It is a protease.

 Several elastases that degrade the protein elastin and some other proteins.

 Several nucleases that degrade nucleic acids, like DNAase and RNAase

 Pancreatic amylase that, besides starch, glycogen and cellulose, degrades most other

carbohydrates.

 Bile from the liver, which emulsifies fat, allowing more efficient use of lipase in the

duodenum; in converting lipids to their component fatty acid and glycerol molecules

27. Proper small intestine enzymes

 Several peptidases.

 The jejunum and ileum secretes a juice called succus entericus which contains the following:

Five types of enzymes degrade disaccharides into monosaccharides:

 Sucrase, which breaks down sucrose into glucose and fructose

 Maltase, which breaks down maltose into glucose.

 Isomaltase, which breaks down maltose and isomaltose

 Lactase, which breaks down lactose into glucose and galactose
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 Intestinal lipase, which breaks down fatty acids

The small intestine receives lipase, trypsin and amylase from the pancreas. They are

transported from the pancreas to the duodenum through the pancreatic duct. Protein, fats and

starch are broken down into smaller molecules. However, they are not fully broken down yet.

This causes the enzymes of the small intestine to act upon them. These enzymes include

peptidase, which breaks down peptides into amino acids and the enzyme maltase acts upon

maltose which produces glucose. These molecules are absorbed by the villi in the small

intestine and according to the molecule they are either absorbed by the lacteal or blood

capillaries.

In Section 3 of this course you will cover these topics:
Nutrients Involved In Fluid And Electrolyte Balance

Nutrients Involved In Antioxidant Function

Nutrients Involved In Bone Health

Nutrients Involved In Blood Health And Immunity

Topic : Nutrients Involved In Fluid And Electrolyte Balance

Topic Objective:

At the end of the topic student will be able to understand:

 Physiological Function

 Composition

 Removal of tissue fluid

 Formation of tissue fluid

 Production and Removal

 Interstitial fluid

 Function

 Cytoskeletal sieving

 Protein compartments

 Protein complexes

 Concentration gradients

 Organization
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 Macromolecules

 Ions

 Water

 History

 Cytosol or intracellular fluid

 Extracellular fluid

 Fluid and Electrolyte Balance

Definition/Overview:

The topic demonstrates that the btween 50 and 70% of a healthy adults body weight is fluid.

Electrolytes in the body fluid assist in maintaining the proper balance between intracellular

and extracellular fluid compartments and in the normal functioning of cells and the nervous

system. Water performs a variety of functions that are critical to support life, including

protection and lubrication, and maintenance of blood volume, body temperature, and blood

pressure.

The primary sources of fluid intake are beverages, foods, and metabolic water. Water is lost

normally through urine excretion, sweat, exhalation, and feces. Water loss can be

significantly increased from fever, vomiting, diarrhea, excessive blood loss, heavy exercise,

and exposure to heat, cold, and altitude. For these reasons, water intake needs are highly

variable and depend upon body size, age, physical activity, and environmental conditions.

The proper balance is important, as drinking too much water can lead to overhydration and

hyponatremia and drinking too little water leads to dehydration. Four electrolytes that are

involved in fluid balance are sodium, potassium, chloride, and phosphorus. In addition to

their role in maintaining fluid balance and nerve function, these electrolytes have a variety of

other functions. Excess sodium, hypernatremia, and excess potassium, hyperkalemia, most

often occur when the kidneys malfunction. Hyponatremia occurs mainly when excessive fluid

intake is not accompanied by adequate sodium intake. Hypokalemia results from kidney

disease, diabetic ketoacidosis, and some diuretics. Excesses and deficiencies of chloride and

phosphorus are rare. Dehydration occurs when water excretion exceeds water intake. In

severe cases, dehydration can lead to heat stroke. This occurs when the bodys core

temperature rises above 100 degrees Fahrenheit, and it can lead to death. Water intoxication

is caused by consuming too much water and can result in hyponatremia. Hypertension

increases the risk for heart disease, stroke, and kidney disease. It is associated with excess
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sodium consumption in some people but the exact cause of most cases is unknown.

Electrolyte imbalances can cause a variety of disorders, such as apathy, depression,

confusion, psychosis, seizures, muscle cramps, muscle weakness, and paralysis.

Key Points:

1. Fluid and Electrolyte Balance

The cell is the fundamental functioning unit of the human body. Trillions of body cells work

together to create an individual who, when healthy, is able to adapt to a constantly changing

external environment, while maintaining internal balance. Since approximately 50% to 60%

of the human body is water, internal balance involves the regulation of body fluids. The

ability to maintain internal balance in the presence of external stressors is termed

homeostasis. Homeostatic balance is necessary for cells to perform their individual

physiologic tasks. A steady delivery of nutrients (oxygen, glucose, fatty acids, and amino

acids), the continuous removal of metabolic wastes (carbon dioxide and other end products of

cellular metabolism), and the maintenance of a stable physiochemical environment are

essential to homeostatic balance and thus to normal cellular function. Disruption of any of

these three factors results in homeostatic imbalance with cellular dysfunction and illness. All

organs and body structures are involved in the maintenance of homeostasis. The nervous

system with its three major components (sensory, integrative, and motor) enables the

individual to perceive and interact with the surrounding environment and coordinates and

regulates the functions of the other organ systems. Without the musculoskeletal system, the

movements necessary to obtain nutrition would be impossible. The skin forms the first line of

defense against a hostile external environment and prevents the loss of body fluids. The

gastrointestinal tract, lungs, and liver are necessary for the acquisition, conversion, and

storage of nutrients. The cardiovascular and hematologic systems deliver nutrients to the cells

and carry wastes to the kidneys and lungs for excretion. In addition to the excretion of wastes,

the kidneys play an especially vital role in regulating the volume and composition of body

fluids. The endocrine system, through the release of multiple hormones, regulates the body's

metabolic functions and, like the kidneys, is involved in the regulation of the volume,

concentration, and composition of body fluids. Single-celled organisms depend on their

surrounding environment for the delivery of nutrients and the removal of metabolic wastes.

An amoeba living in a salty pond obtains its nutrients directly from the pond water and
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depends on the diluting effect of the pond for the dissipation of wastes. The amoeba,

however, has little protection from changes in its environment. If the pond is flooded with

rain water or dries up, the amoeba's environment is dramatically altered, and its function is

affected. Multicellular organisms, on the other hand, are protected from immediate changes

in their external environment by the fluids that surround their cells. It is as if multicellular

organisms carry their own "pond" around with them. The volume, concentration, and

composition of the "pond" can be regulated in order to maintain a stable environment for the

cells with sufficient nutrients and adequate removal of wastes. Thus homeostatic balance for

the human body requires continuous regulation of the fluid that surrounds the cells. In this

way the fluid within the cells is protected, which ensures normal cellular function.

2. Extracellular fluid

Extracellular fluid (ECF) usually denotes all body fluid outside of cells. The remainder is

called intracellular fluid. In some animals, including mammals, the extracellular fluid can be

divided into two major subcompartments, interstitial fluid and blood plasma. The

extracellular fluid also includes the transcellular fluid; making up only about 2.5 percent of

the ECF. In humans, the normal glucose concentration of extracellular fluid that is regulated

by homeostasis is approximately 5 mM. The pH of extracellular fluid is tightly regulated by

buffers around 7.4. The volume of ECF is typically 15L (of which 12L is interstitial fluid and

3L as plasma)

3. Cytosol or intracellular fluid

The cytosol or intracellular fluid (or cytoplasmic matrix) is the liquid found inside cells. In

eukaryotes this liquid is separated by cell membranes from the contents of the organelles

suspended in the cytosol, such as the mitochondrial matrix inside the mitochondrion. The

entire contents of a eukaryotic cell, minus the contents of the cell nucleus, are referred to as

the cytoplasm. In prokaryotes, most of the chemical reactions of metabolism take place in the

cytosol, while a few take place in membranes or in the periplasmic space. In eukaryotes,

while many metabolic pathways still occur in the cytosol, others are contained within

organelles. The cytosol is a complex mixture of substances dissolved in water. Although

water forms the large majority of the cytosol, its structure and properties within cells is not

well understood. The concentrations of ions such as sodium and potassium are different in the

cytosol than in the extracellular fluid; these differences in ion levels are important in
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processes such as osmoregulation and cell signaling. The cytosol also contains large amounts

of macromolecules, which can alter how molecules behave, through macromolecular

crowding. Although once thought to be a simple solution of molecules, multiple levels of

organization exist in the cytosol. These include concentration gradients of small molecules

such as calcium, large complexes of enzymes that act together to carry out metabolic

pathways, and protein complexes such as proteasomes and carboxysomes that enclose and

separate parts of the cytosol.

4. History

In the early 20th century the sum total of the contents of the cell (the protoplasm) were

commonly classified into the contents of the nucleus (the nucleoplasm) and the remainder of

the cell contents, the cytoplasm. The cytoplasm was further classified into solid structures,

such as organelles and the cytoskeleton, and a liquid component that was variously called the

cell sap, enchylema, hyaloplasm, paramitone, interfilar substance, or ground substance. The

term cytosol was first introduced in 1965 by H.A. Lardy, and initially referred to the liquid

that was produced by breaking cells apart and pelleting all the insoluble components by

ultracentrifugation. Such a soluble cell extract is not identical to the soluble part of the cell

cytoplasm and is usually called a cytoplasmic fraction. The term cytosol is now used to refer

to the liquid phase of the cytoplasm in an intact cell, this excludes any part of the cytoplasm

that is contained within organelles. Due to the possibility of confusion between the use of the

word cytosol to refer to both extracts of cells and the soluble part of the cytoplasm in intact

cells, the phrase aqueous cytoplasm has been used to describe the liquid contents of the

cytoplasm of living cells.

Properties and composition

The proportion of cell volume that is cytosol varies: for example while this compartment

forms the bulk of cell structure in bacteria, in plant cells the main compartment is the large

central vacuole. The cytosol consists mostly of water, dissolved ions, small molecules, and

large water-soluble molecules (such as proteins). The majority of these non-protein molecules

have a molecular mass of less than 300 Da. This mixture of small molecules is extraordinarily

complex, as the variety of molecules that are involved in metabolism (the metabolites) is

immense. For example up to 200,000 different small molecules might be made in plants,

although not all these will be present in the same species, or in a single cell. Indeed, estimates
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of the number of metabolites in single cells such as E. coli and baker's yeast predict that

under 1,000 are made.

5. Water

Most of the cytosol is water, which makes up about 70% of a typical cell by volume. Normal

human cytosolic pH ranges between 7.3 - 7.5, depending on the cell type involved, whereas

the pH of the extracellular fluid is 7.4. The viscosity of cytoplasm is roughly the same as pure

water, although diffusion of small molecules through this liquid is about four-fold slower

than in pure water, due mostly to collisions with the large numbers of macromolecules in the

cytosol. Studies in the brine shrimp have studied how water affects cell functions; these

found that reducing the amount of water in a cell below 80% of the normal level inhibits

metabolism, with this decreasing progressively as the cell dries out and all metabolism

halting at a water level about 30% of normal.

Although water is known to be vital for life, the structure of this water in the cytosol is not

well understood. This is mostly due to the fact that methods such as nuclear magnetic

resonance only give information on the average structure of water, and cannot measure local

variations at the microscopic scale. Even the structure of pure water is poorly understood, due

to the ability of water to form structures such as water clusters through hydrogen bonds.

The classic view of water in cells is that about 5% of this water is strongly bound in by

solutes or macromolecules as water of solvation, while the majority has the same structure as

pure water. This water of solvation is not active in osmosis and may have different solvent

properties, so that some dissolved molecules are excluded, while others become concentrated.

However, others argue that the effects of the high concentrations of macromolecules in cells

extend throughout the cytosol and that water in cells behaves very differently from the water

in dilute solutions. These ideas include the proposal that cells contain zones of low and high-

density water, which could have widespread effects on the structures and functions of the

other parts of the cell.

www.bsscommunitycollege.in   www.bssnewgeneration.in  www.bsslifeskillscollege.in

97
www.onlineeducation.bharatsevaksamaj.net        www.bssskillmission.in

WWW.BSSVE.IN



6. Ions

The concentrations of the other ions in cytosol are quite different from those in extracellular

fluid and the cytosol also contains much higher amounts of charged macromolecules such as

proteins and nucleic acids than the outside of the cell.

Typical ion concentrations in mammalian cytosol and blood.

Ion Concentration in cytosol

(millimolar)

Concentration in blood

(millimolar)

Potassium 139 4

Sodium 12 145

Chloride 4 116

Bicarbonate 12 29

Amino acids in

proteins

138 9

Magnesium 0.8 1.5

Calcium <0.0002 1.8

[Table 1]

In contrast to extracellular fluid, cytosol has a high concentration of potassium ions and a low

concentration of sodium ions. This difference in ion concentrations is critical for

osmoregulation, since if the ion levels were the same inside a cell as outside, water would

enter constantly by osmosis - since the levels of macromolecules inside cells are higher than

their levels outside. Instead, sodium ions are expelled and potassium ions taken up by the

Na⁺/K⁺-ATPase, potassium ions then flow down their concentration gradient through

potassium-selection ion channels, this loss of positive charge creates a negative membrane

potential. To balance this potential difference, negative chloride ions also exit the cell,

through selective chloride channels. The loss of sodium and chloride ions compensates for

the osmotic effect of the higher concentration of organic molecules inside the cell. Cells can

deal with even larger osmotic changes by accumulating osmoprotectants such as betaines or

trehalose in their cytosol. Some of these molecules can allow cells to survive being

completely dried out and allow an organism to enter a state of suspended animation called
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cryptobiosis. In this state the cytosol and osmoprotectants become a glass-like solid that helps

stabilize proteins and cell membranes from the damaging effects of desiccation.

The low concentration of calcium in the cytosol allows this ion to function as a second

messenger in calcium signaling. Here, a signal such as a hormone or an action potential opens

calcium channels so that calcium floods into the cytosol. This sudden increase in cytosolic

calcium activates other signalling molecules, such as calmodulin and protein kinase C. Other

ions such as chloride and potassium may also have signaling functions in the cytosol, but

these are not well understood.

7. Macromolecules

Protein molecules that do not bind to cell membranes or the cytoskeleton will be dissolved in

the cytosol. The amount of protein in cells is extremely high, and approaches 200 mg/ml,

occupying about 20-30% of the volume of the cytosol. However, measuring precisely how

much protein is dissolved in cytosol in intact cells is difficult, since some proteins appear to

be weakly-associated with membranes or organelles in whole cells and are released into

solution upon cell lysis. Indeed, in experiments where the plasma membrane of cells were

carefully disrupted using saponin, without damaging the other cell membranes, only about

one quarter of cell protein was released. These cells also were also able to synthesize proteins

if given ATP and amino acids, implying that many of the enzymes in cytosol are bound to the

cytoskeleton. However, the idea that the majority of the proteins in cells are tightly bound in

a network called the microtrabecular lattice is now seen as unlikely.

In prokaryotes the cytosol contains the cell's genome, within a structure known as a nucleoid.

This is an irregular mass of DNA and associated proteins that control the transcription and

replication of the bacterial chromosome and plasmids. In eukaryotes the genome is held

within the cell nucleus, which is separated from the cytosol by nuclear pores that block the

free diffusion of any molecule larger than about 10 nanometres in diameter. This high

concentration of macromolecules in cytosol causes an effect called macromolecular

crowding, which is when the effective concentration of other macromolecules is increased,

since they have less volume to move in. This crowding effect can produce large changes in

both the rates and the position of chemical equilibrium of reactions in the cytosol. It is

particularly important in its ability to alter dissociation constants by favoring the association
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of macromolecules, such as when multiple proteins come together to form protein complexes,

or when DNA-binding proteins bind to their targets in the genome.

8. Organization

Although the components of the cytosol are not separated into regions by cell membranes,

these components do not always mix randomly and several levels of organization can localize

specific molecules to defined sites within the cytosol.

9. Concentration gradients

Although small molecules diffuse rapidly in the cytosol, concentration gradients can still be

produced within this compartment. A well-studies example of these are the "calcium sparks"

that are produced for a short period in the region around an open calcium channel. These are

about 2 micrometres in diameter and last for only a few milliseconds, although several sparks

can merge together to form larger gradients, called "calcium waves". Concentration gradients

of other small molecules, such as oxygen and adenosine triphosphate may be produced in

cells around clusters of mitochondria, although these are less well understood.

10. Protein complexes

Proteins can associate to form protein complexes, these often contain a set of proteins with

similar functions, such as enzymes that carry out several steps in the same metabolic

pathway. This organization can allow substrate channeling, which is when the product of one

enzyme is passed directly to the next enzyme in a pathway without being released into

solution. Channeling can make a pathway more rapid and efficient than it would be if the

enzymes were randomly distributed in the cytosol or prevent the release of unstable

intermediates. Although a wide variety of metabolic pathways have been shown to involve

enzymes that are tightly bound to each other, others may involve more loosely-associated

complexes that are very difficult to study outside the cell. Consequently, the importance of

these complexes for metabolism in general remains unclear.
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Carboxysomes are protein-enclosed bacterial microcompartments within the cytosol. On the

left is an electron microscope image of carboxysomes, and on the right a model of their

structure.

11. Protein compartments

Some protein complexes contain a large central cavity that is isolated from the reminder of

the cytosol. One example of such an enclosed compartment is the proteasome. Here, a set of

subunits form a hollow barrel containing proteases that degrade cytosolic proteins. Since

these would be damaging if they mixed freely with the remainder of the cytosol, the barrel is

capped by a set of regulatory proteins that recognize proteins with a signal directing them for

degradation (a ubiquitin tag) and feed them into the proteolytic cavity.

Another large class of protein compartments are bacterial microcompartments, which are

made of a protein shell that encapsulates various enzymes. These compartments are typically

about 100-200 nanometres across and made of interlocking proteins. A well-understood

example is the carboxysome, which contains enzymes involved in carbon fixation such as

RuBisCO.

12. Cytoskeletal sieving

Although the cytoskeleton is not part of the cytosol, the presence of this network of filaments

restricts the diffusion of large particles in the cell. For example, in several studies tracer

particles larger than about 25 nanometres (about the size of a ribosome) were excluded from

parts of the cytosol around the edges of the cell and next to the nucleus. These "excluding

compartments" may contain a much denser meshwork of actin fibres than the remainder of

the cytosol. These microdomains could influence the distribution of large structures such as

ribosomes and organelles within the cytosol by excluding them from some areas and

concentrating them in others.

13. Function

The cytosol has no single function and is instead the site of a wide variety of cell processes.

Examples of these processes include signal transduction from the cell membrane to sites

within the cell, such as the cell nucleus, or organelles. This compartment is also the site of

many of the processes of cytokinesis, after the breakdown of the nuclear membrane in
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mitosis. Another major function of cytosol is to transport metabolites from their site of

production to where they are used. This is relatively simple for water-soluble molecules, such

as amino acids, which can diffuse rapidly through the cytosol. However, hydrophobic

molecules, such as fatty acids or sterols, can be transported through the cytosol by specific

binding proteins, which shuttle these molecules between cell membranes. Molecules taken

into the cell by endocytosis or on their way to be secreted can also be transported through the

cytosol inside vesicles, which are small spheres of lipids that are moved along the

cytoskeleton by motor proteins. The cytosol is the site of most metabolism in prokaryotes,

and a large proportion of the metabolism of eukaryotes. For instance, in mammals about half

of the proteins in the cell are localized to the cytosol. The most complete data are available in

yeast, where metabolic reconstructions indicate that the majority of both metabolic processes

and metabolites occur in the cytosol. Major metabolic pathways that occur in the cytosol in

animals are protein biosynthesis, the pentose phosphate pathway, glycolysis and

gluconeogenesis. The localization of pathways can be different in other organisms, for

instance fatty acid synthesis occurs in chloroplasts in plants and in apicoplasts in

apicomplexa.

14. Interstitial fluid

Interstitial fluid (or tissue fluid) is a solution which bathes and surrounds the cells of

multicellular animals. It is the main component of the extracellular fluid, which also includes

plasma and transcellular fluid. On average, a person has about 11 litres (2.4 imperial gallons)

of interstitial fluid providing the cells of the body with nutrients and a means of waste

removal.

15. Production and Removal

Plasma and interstitial fluid are very similar. Plasma, the major component in blood,

communicates freely with interstitial fluid through pores and intercellular clefts in capillary

endothelium.

16. Formation of tissue fluid

Hydrostatic pressure is generated by the pumping force of the heart. It pushes water out of the

capillaries. The water potential is created due to the inability of large solutes to pass through
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the capillary walls. This buildup of solutes induces osmosis. The water passes from a high

concentration (of water) outside of the vessels to a low concentration inside of the vessels, in

an attempt to reach an equilibrium. The osmotic pressure drives water back into the vessels.

Because the blood in the capillaries is constantly flowing, equilibrium is always reached. The

balance between the two forces is different at different points in the capillaries. At the arterial

end of the vessel, the hydrostatic pressure is greater than the osmotic pressure, so the net

movement (see net flux) favors water and other solutes being passed into the tissue fluid. At

the venous end, the osmotic pressure is greater, so the net movement favours substances

being passed back into the capillary. This difference is created by the direction of the flow of

blood and the imbalance in solutes created by the net movement of water favoring the tissue

fluid.

17. Removal of tissue fluid

To prevent a build-up of tissue fluid surrounding the cells in the tissue, the lymphatic system

plays a part in the transport of tissue fluid. Tissue fluid can pass into the surrounding lymph

vessels, and eventually ends up rejoining the blood.

Sometimes the removal of tissue fluid does not function correctly, and there is a build-up.

This causes swelling, and can often be seen around the feet and ankles, for example

Elephantiasis. The position of swelling is due to the effects of gravity.

18. Composition

Interstitial fluid consists of a water solvent containing amino acids, sugars, fatty acids,

coenzymes, hormones, neurotransmitters, salts, as well as waste products from the cells.

The composition of tissue fluid depends upon the exchanges between the cells in the tissue

and the blood. This means that tissue fluid has a different composition in different tissues and

in different areas of the body. Not all of the contents of the blood passes into the tissue, which

means that tissue fluid and blood are not the same. Red blood cells, platelets and plasma

proteins cannot pass through the walls of the capillaries. The resulting mixture that does pass

through is essentially blood plasma without the plasma proteins. Tissue fluid also contains

some types of white blood cell, which help combat infection. Lymph is considered a part of

the interstitial fluid. The lymphatic system returns protein and excess interstitial fluid to the
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circulation. The ionic composition of the interstitial fluid and blood plasma vary due to the

Gibbs-Donnan effect. This causes a slight difference in the concentration of cations and

anions between the two fluid compartments

19. Physiological Function

Interstitial fluid bathes the cells of the tissues. This provides a means of delivering materials

to the cells, intercellular communication, as well as removal of metabolic waste.

Topic : Nutrients Involved In Antioxidant Function

Topic Objective:

At the end of the topic student will be able to understand:

 Free Radical

 Antioxidants

 Free Radicals are Formed

 How Antioxidants May Prevent Against Free Radical Damage

 The Antioxidants and Disease Prevention

 The Lesson: Eat Your Fruits and Vegetables!

 Mechanism of Action of Antioxidants

Definition/Overview:

Antioxidants are compounds that protect cells and substances in the body from the damage

caused by free radicals formed during oxidation. They include vitamins, minerals, and other

compounds that stabilize free radicals independently or function within complex antioxidant

enzyme systems. Vitamin E is a fat-soluble vitamin and protects polyunsaturated fatty acids

and cell membranes from oxidation, as well as enhancing immune function and improving

absorption of vitamin A. Suboptimal intake of vitamin E may result in increased risk of

cardiovascular disease.
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Vitamin C is a water-soluble vitamin that primarily acts as an antioxidant in the extracellular

fluid. Vitamin C also prevents scurvy and assists in the synthesis of collagen, hormones,

neurotransmitters, and DNA. Toxicity with vitamin C or E is rare.

Beta-carotene is a carotenoid and a provitamin of vitamin A. It protects cell membranes and

LDL from oxidative damage, enhances immune function, and protects vision. Vitamin A is

critical for maintaining our vision. It is also necessary for cell differentiation, reproduction,

and growth. Toxicity symptoms may occur at levels of only three to four times the RDA.

Deficiency symptoms lead to theory on vitamin As role as an antioxidant, but research is

ongoing. Selenium is a trace mineral that functions as part of the glutathione peroxidase

enzyme system. It indirectly spares vitamin E from oxidative damage, and it assists with

immune function and the production of thyroid hormone. Because it is found in a wide

variety of foods, selenium deficiency is rare in the United States, but toxicity symptoms do

occur with excessive supplementation. Copper, iron, zinc, and manganese play a peripheral

role in antioxidant function by acting as cofactors in antioxidant enzyme systems. Cancer is a

group of diseases in which cell growth is out of control. Eating foods high in antioxidants is

associated with lower rates of cancer. Phytochemicals may reduce our risk for cancer, as

well. Studies of cancer risk and antioxidant supplementation are equivocal. Antioxidants may

help reduce our risk for heart disease by preventing oxidative damage to LDL, reducing

inflammation, and reducing the formation of blood clots. There is no evidence that

antioxidants can reverse or prevent aging or significantly prolong our lives. However,

antioxidant nutrients have been found to reduce the risk of macular degeneration and

cataracts in some studies.

Key Points:

1. Free Radical

The free-radical theory of aging states that organisms age because cells accumulate free

radical damage over time. A free radical is any atom or molecule that has a single unpaired

electron in an outer shell. While a few free radicals such as melanin are not chemically

reactive, most biologically-relevant free radicals are highly reactive. For most biological

structures, free radical damage is closely associated with oxidative damage. Antioxidants are

reducing agents, and limit oxidative damage to biological structures by passivating free

radicals.
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2. Antioxidants

An antioxidant is a molecule capable of slowing or preventing the oxidation of other

molecules. Oxidation is a chemical reaction that transfers electrons from a substance to an

oxidizing agent. Oxidation reactions can produce free radicals, which start chain reactions

that damage cells. Antioxidants terminate these chain reactions by removing free radical

intermediates, and inhibit other oxidation reactions by being oxidized themselves. As a result,

antioxidants are often reducing agents such as thiols or polyphenols. Although oxidation

reactions are crucial for life, they can also be damaging; hence, plants and animals maintain

complex systems of multiple types of antioxidants, such as glutathione, vitamin C, and

vitamin E as well as enzymes such as catalase, superoxide dismutase and various

peroxidases. Low levels of antioxidants, or inhibition of the antioxidant enzymes, causes

oxidative stress and may damage or kill cells. As oxidative stress might be an important part

of many human diseases, the use of antioxidants in pharmacology is intensively studied,

particularly as treatments for stroke and neurodegenerative diseases. However, it is unknown

whether oxidative stress is the cause or the consequence of disease. Antioxidants are also

widely used as ingredients in dietary supplements in the hope of maintaining health and

preventing diseases such as cancer and coronary heart disease. Although initial studies

suggested that antioxidant supplements might promote health, later large clinical trials did not

detect any benefit and suggested instead that excess supplementation may be harmful. In

addition to these uses of natural antioxidants in medicine, these compounds have many

industrial uses, such as preservatives in food and cosmetics and preventing the degradation of

rubber and gasoline.

3. Free Radicals are Formed

Normally, bonds don?t split in a way that leaves a molecule with an odd, unpaired electron.

But when weak bonds split, free radicals are formed. Free radicals are very unstable and react

quickly with other compounds, trying to capture the needed electron to gain stability.

Generally, free radicals attack the nearest stable molecule, "stealing" its electron. When the

"attacked" molecule loses its electron, it becomes a free radical itself, beginning a chain

reaction. Once the process is started, it can cascade, finally resulting in the disruption of a

living cell.
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Some free radicals arise normally during metabolism. Sometimes the body?s immune

system?s cells purposefully create them to neutralize viruses and bacteria. However,

environmental factors such as pollution, radiation, cigarette smoke and herbicides can also

spawn free radicals.

Normally, the body can handle free radicals, but if antioxidants are unavailable, or if the free-

radical production becomes excessive, damage can occur. Of particular importance is that

free radical damage accumulates with age.

4. How Antioxidants May Prevent Against Free Radical Damage

The vitamins C and E, are thought to protect the body against the destructive effects of free

radicals. Antioxidants neutralize free radicals by donating one of their own electrons, ending

the electron-"stealing" reaction. The antioxidant nutrients themselves don?t become free

radicals by donating an electron because they are stable in either form They act as

scavengers, helping to prevent cell and tissue damage that could lead to cellular damage and

disease.

Vitamin E ? The most abundant fat-soluble antioxidant in the body. One of the most efficient

chain-breaking antioxidants available. Primary defender against oxidation. Primary defender

against lipid peroxidation (creation of unstable molecules containing more oxygen than is

usual).

Vitamin C ? The most abundant water-soluble antioxidant in the body. Acts primarily in

cellular fluid. Of particular note in combating free-radical formation caused by pollution and

cigarette smoke. Also helps return vitamin E to its active form.

5. The Antioxidants and Disease Prevention

 Heart Disease ? Vitamin E may protect against cardiovascular disease by defending against

LDL oxidation and artery-clogging plaque formation.

 Cancer ? Many studies have correlated high vitamin C intakes with low rates of cancer,

particularly cancers of the mouth, larynx and esophagus.
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6. The Lesson: Eat Your Fruits and Vegetables!

The antioxidants are believed to help protect the body from free-radical damage. But before

you go out and stock your pantry with mega-doses of these vitamins, be warned: more is not

always better. The long-term effect of large doses of these nutrients has not been proven.

Other chemicals and substances found in natural sources of antioxidants may also be

responsible for the beneficial effects. So for now, the best way to ensure adequate intake of

the antioxidant nutrients is through a balanced diet consisting of 5-8 servings of fruits and

vegetables per day.

7. Mechanism of Action of Antioxidants

Free radicals are generated largely during the production of ATP in mitochondria. During this

process, radicals leaking from the mitochondria form reactive oxygen species such as the

superoxide anion and hydroxyl radicals. These species lead to the production of hydrogen

peroxide from which further hydroxyl radicals are generated in a reaction that appear to

depend on the presence of iron ions. These radicals have both beneficial and harmful actions

in biological tissues. They are known to have a crucial role in stimulation of phagocytosis,

induction of drug detoxification pathways and stimulation of signal transduction pathways.

However, these same radicals can be potentially dangerous products of cellular metabolism in

that they can directly influence cell growth and development, cell survival and likely increase

the pathogenesis of atherosclerosis, cancer, aging and several other conditions, including

inflammatory disease. It has been suggested that the extent of damage caused by free radicals

might be modified through three dietary intervention strategies: (a) caloric restriction and

thus a depression in free radicals arising due to normal metabolism; (b) minimizing the intake

of components that increase free radicals such as polyunsaturated fats; and (c)

supplementation with one or more anti-oxidants. Several compounds with antioxidant

properties including vitamin C, vitamin E, and carotenoids are found in various food products

and have been reported to have varying effects on biomarkers of oxidative damage. The diet

actually contains a host of bioactive compounds with antioxidant potential. While foods can

been shown to vary in their antioxidant potential it remains less clear if this accounts for

significant alterations in free radicals in vivo situations. Free radicals can unquestionably

cause oxidative damage to DNA. Although there are methodological uncertainties about

accurate measurement of oxidative DNA damage, the damage escaping repair appears to

contribute to mutations. The observation that diets rich in fruits and vegetables can decrease
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both oxidative DNA damage and cancer incidence is consistent with a change in free radical

homeostasis. Support for this hypothesis comes from studies showing that increasing

oxidative DNA damage is typically accompanied by an increase in cancer risk. In humans

several fruits and vegetables have been shown to decrease oxidative DNA damage, but these

have generally been for short durations and sometimes without adequate controls. Overall

these studies suggest several bioactive food components may be responsible for reducing in

DNA damage. Isoprostanes are prostaglandin-like compounds that are produced by free

radical mediated peroxidation of polyunsaturated fatty acids. There is evidence that F2-

isoprostanes may be a marker of lipid peroxidation because if their mechanism of their

formation, chemical stability, and non-invasive method for evaluating. An altered generation

of F2-isoprostanes has been found in a variety of pathological syndromes associated with

oxidative stress. Evidence does suggest that increased fruits and vegetable consumption can

alter F2-isoprostane release in urine.

In vitro studies and experiments in animal models provide a large and compelling body of

evidence that oxidation of low-density lipoprotein and/or related oxidative mechanisms play

a critical role in the initiation and progression of atherogenesis and may be involved with the

cancer process. However, large antioxidant intervention studies do not support a decreased

cancer risk associated with antioxidant consumption. Likewise, recent clinical trials

employing the principal lipid-soluble dietary antioxidant, vitamin E, have yielded mixed

results in patients with cardiovascular disease. While there is evidence that vitamin E

supplementation in humans reduces prostate cancer, the response does not appear to occur in

other tissues. Recent evidence suggests that modification of the vitamin E molecule such that

antioxidant properties are no longer present does not prevent its ability to increase tumor

apoptosis. Such evidence suggests that vitamin E may function by other mechanisms that by

altering free radical homeostasis.

Green tea has surfaced as a rather potent antioxidant. In addition, recent evidence points to

the ability of extracts of green tea to suppress an aggressive model for prostate cancer in

rodents (TRAMP model). While the mechanism by which polyphenols in tea brings about

these effects remains to be established there is strong evidence that perturbations occur in a

variety of genes. Some of those involved with cell signaling or other key cellular events may

account for the observed antioxidant properties. It is suggested that free radicals and lipid

peroxides can suppress the expression of the tumor suppressor gene Bcl-2, activate caspases
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and shorten telomere, and thus induce apoptosis of tumor cells. Ionizing radiation,

anthracyclines, bleomycin and cytokines produce free radicals and thus are useful anti-cancer

agents. It is difficult to make unequivocal conclusions about the effects of antioxidants due to

many different forms and concentrations of antioxidants used, different experimental models

and biomarkers, and the varying doses of the drug employed. Regardless, antioxidants may

protect against some oxidative injuries resulting from these agents, such as adriamycin,

without attenuating their clinical efficacy. However, there is also evidence that antioxidants

will reduce the efficacy of agents such as cisplatin, which is known to generate radicals.

Overall, while there remains considerable interest in the role of free radicals and antioxidants

as modifiers of health, considerable confusion exists. Part of confusion likely reflects the

belief that all antioxidants are created equal and under all circumstances. While radicals may

be important in determining health it is certainly possible that antioxidants offer protection

through several mechanisms. Finally, it may be that under some circumstances that free

radicals should be maintained at higher concentrations (such as needed to induce apoptosis).

Therefore it may be advisable to carefully regulate the use of antioxidants such that the

desired outcome is achieved. Only through continued research will it be possible to identify

mechanisms of action of antioxidants and ultimately to define who might benefit or be placed

at increased risk from their use. Finally, additional carefully controlled preclinical and

clinical studies are needed to determine what environmental and genetic factors influence the

overall response to specific antioxidants.

Topic : Nutrients Involved In Bone Health

Topic Objective:

At the end of the topic student will be able to understand:

 Cancellous bone

 Cortical bone

 Formation

 Bone marrow
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 Remodeling

 Purpose

 Calcium balance

 Repair

 Paracrine cell signalling

 Osteoblast stimulation

 Osteoclast inhibition

 Disorders

 Osteoporosis

 Other

Definition/Overview:

The topic contains that the Bones are organs that contain metabolically active tissues

composed primarily of minerals and a fibrous protein called collagen. The three types of bone

activity are growth, modeling, and remodeling. Bone density can be measured most

accurately by dual energy x-ray absorptiometry. Calcium is a mineral that plays a major role

in providing structure to bones and teeth. Blood calcium is maintained within a very narrow

range. Bone calcium is used to maintain normal blood calcium when necessary. Calcium is

necessary for nerve and muscle function and blood clotting, as well. Consuming excessive

calcium leads to mineral imbalance, and consuming inadequate calcium leads to osteoporosis.

Vitamin D is a fat-soluble vitamin and hormone. It regulates blood calcium levels and

maintains bone health. Vitamin D can be produced from cholesterol in the skin when the skin

is exposed to UV light; however, most Americans do not produce enough. Hypercalcemia

results from excessive consumption of vitamin D. Rickets in children and osteoporosis and

osteomalacia in adults are the consequences of vitamin D deficiency. Vitamin K is a fat-

soluble vitamin and coenzyme that is important for blood clotting and bone metabolism.

Phosphorus is the major negatively charged electrolyte inside the cell. It helps maintain fluid

balance and bone health. It also assists in regulating chemical reactions, and is a primary

component of ATP, DNA, and RNA. Excessive phosphorus in soft drinks does not decrease

bone density; soft drinks may displace dairy products in the diet, negatively affecting bone

health. Magnesium is a major mineral and is important for bone health, energy production,

and muscle function. Excessive pharmacological magnesium results in diarrhea, dehydration,

and cardiac arrest. Hypomagnesemia leads to low blood calcium with accompanying
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symptoms and increases the risk for some chronic diseases. Fluoride is a trace mineral whose

primary function is to support the health of teeth and bones. Osteoporosis is a major disease

of concern to the elderly in the United States. Osteoporosis increases risk for fractures and

premature death from subsequent illness. Factors that increase risk include genetics, being

female, being of the Caucasian or Asian race, cigarette smoking, alcohol abuse, sedentary

lifestyle, and diets low in calcium and vitamin D.

Key Points:

1. Cancellous bone

Cancellous (trabecular) bone is a type of osseous tissue with a low density and strength but

very high surface area, that fills the inner cavity of long bones. The external layer of

cancellous bone contains red bone marrow where the production of blood cellular

components (known as hematopoiesis) takes place. Cancellous bone is also where most of the

arteries and veins of bone organs are found.Other names include trabecular bone and spongy

bone. Its Latin name is substantia spongiosa or substantia spongiosa ossium. The words

cancellous and trabecular refer to the tiny, lattice-shaped spicules that form the tissue.

2. Cortical bone

Cortical bone, or compact bone, is one of two main types of osseous tissue. Cortical bone is

dense and forms the surface of bones, contributing 80% of the weight of a human skeleton. It

is extremely hard, formed of multiple stacked layers with few gaps. Its main function is to

support the body, protect organs, provide levers for movement, and (shared with cancellous

bone) store minerals. The other major type of bone is trabecular or cancellous bone; it is

spongy and makes up the bulk of the interior of most bones, including the vertebrae.

3. Formation

The formation of bone during the fetal stage of development occurs by two processes:

Intramembranous ossification and endochondral ossification.
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Intramembranous ossification mainly occurs during formation of the flat bones of the skull;

the bone is formed from mesenchyme tissue. The steps in intramembranous ossification are:

 Development of ossification center

 Calcification

 Formation of trabeculae

 Development of periosteum

4. Endochondral ossification

Endochondral ossification, on the other hand, occurs in long bones, such as limbs; the bone is

formed from cartilage. The steps in endochondral ossification are:

 Development of cartilage model

 Growth of cartilage model

 Development of the primary ossification center

 Development of the secondary ossification center

 Formation of articular cartilage and epiphyseal plate

Endochondral ossification begins with points in the cartilage called "primary ossification

centers." They mostly appear during fetal development, though a few short bones begin their

primary ossification after birth. They are responsible for the formation of the diaphyses of

long bones, short bones and certain parts of irregular bones. Secondary ossification occurs

after birth, and forms the epiphyses of long bones and the extremities of irregular and flat

bones. The diaphysis and both epiphyses of a long bone are separated by a growing zone of

cartilage (the epiphyseal plate). When the child reaches skeletal maturity (18 to 25 years of

age), all of the cartilage is replaced by bone, fusing the diaphysis and both epiphyses together

(epiphyseal closure).

5. Bone marrow

Bone marrow can be found in almost any bone that holds cancellous tissue. In newborns, all

such bones are filled exclusively with red marrow , but as the child ages it is mostly replaced

by yellow, or fatty marrow. In adults, red marrow is mostly found in the marrow bones of the

femur, the ribs, the vertebrae and pelvic bones.
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6. Remodeling

Remodeling or bone turnover is the process of resorption followed by replacement of bone

with little change in shape and occurs throughout a person's life. Osteoblasts and osteoclasts,

coupled together via paracrine cell signalling, are referred to as bone remodeling units.

7. Purpose

The purpose of remodeling is to regulate calcium homeostasis, repair micro-damaged bones

(from everyday stress) but also to shape and sculpture the skeleton during growth.

8. Calcium balance

The process of bone resorption by the osteoclasts releases stored calcium into the systemic

circulation and is an important process in regulating calcium balance. As bone formation

actively fixes circulating calcium in its mineral form, removing it from the bloodstream,

resorption actively unfixes it thereby increasing circulating calcium levels. These processes

occur in tandem at site-specific locations.

9. Repair

Repeated stress, such as weight-bearing exercise or bone healing, results in the bone

thickening at the points of maximum stress (Wolff's law). It has been hypothesized that this is

a result of bone's piezoelectric properties, which cause bone to generate small electrical

potentials under stress.

10. Paracrine cell signalling

The action of osteoblasts and osteoclasts are controlled by a number of chemical factors

which either promote or inhibit the activity of the bone remodelling cells, controlling the rate

at which bone is made, destroyed or changed in shape. The cells also use paracrine signalling

to control the activity of each other.

11. Osteoblast stimulation

Osteoblasts can be stimulated to increase bone mass through increased secretion of osteoid

and by inhibiting the ability of osteoclasts to break down osseous tissue.

www.bsscommunitycollege.in   www.bssnewgeneration.in  www.bsslifeskillscollege.in

114
www.onlineeducation.bharatsevaksamaj.net        www.bssskillmission.in

WWW.BSSVE.IN



Bone building through increased secretion of osteoid is stimulated by the secretion of growth

hormone by the pituitary, thyroid hormone and the sex hormones (estrogens and androgens).

These hormones also promote increased secretion of osteoprotegerin. Osteoblasts can also be

induced to secrete a number of cytokines that promote reabsorbtion of bone by stimulating

osteoclast activity and differentiation from progenitor cells. Vitamin D, parathyroid hormone

and stimulation from osteocytes induce osteoblasts to increase secretion of RANK-ligand and

interleukin 6, which cytokines then stimulate increased reabsorbtion of bone by osteoclasts.

These same compounds also increase secretion of macrophage colony-stimulating factor by

osteoblasts, which promotes the differentiation of progenitor cells into osteoclasts, and

decrease secretion of osteoprotegerin.

12. Osteoclast inhibition

The rate at which osteoclasts resorb bone is inhibited by calcitonin and osteoprotegerin.

Calcitonin is produced by parafollicular cells in the thyroid gland, and can bind to receptors

on osteoclasts to directly inhibit osteoclast activity. Osteoprotegerin is secreted by osteoblasts

and is able to bind RANK-L, inhibiting osteoclast stimulation.

13. Disorders

There are many disorders of the skeleton. One of the more prominent is osteoporosis.

14. Osteoporosis

Osteoporosis is a disease of bone - leading to an increased risk of fracture. In osteoporosis,

the bone mineral density (BMD) is reduced, bone microarchitecture is disrupted, and the

amount and variety of non-collagenous proteins in bone is altered. Osteoporosis is defined by

the World Health Organization (WHO) in women as a bone mineral density 2.5 standard

deviations below peak bone mass (20-year-old sex-matched healthy person average) as

measured by DXA; the term "established osteoporosis" includes the presence of a fragility

fracture. Osteoporosis is most common in women after the menopause, when it is called

postmenopausal osteoporosis, but may develop in men and premenopausal women in the

presence of particular hormonal disorders and other chronic diseases or as a result of smoking

and medications, specifically glucocorticoids, when the disease is called steroid- or

glucocorticoid-induced osteoporosis(SIOP or GIOP).
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Osteoporosis can be prevented with lifestyle advice and medication, and preventing falls in

people with known or suspected osteoporosis is an established way to prevent fractures.

Osteoporosis can be treated with bisphosphonates and various other medical treatments.

15. Other

Other disorders of bone include:

 Bone fracture

 Osteomyelitis

 Osteosarcoma

 Osteogenesis imperfecta

Topic : Nutrients Involved In Blood Health And Immunity

Topic Objective:

At the end of the topic student will be able to understand:

 Cellular barriers

 Immunity

 Plasma

 Platelets

 White Cells

 Red Cells

 Blood Components

Definition/Overview:

The topic contains Blood is the only fluid tissue in our bodies. It has four components:

erythrocytes, or red blood cells; leukocytes, or white blood cells; platelets; and plasma. Blood

is critical for transporting oxygen and nutrients to our cells and for removing waste products

from our cells. Iron is a trace mineral found in hemoglobin, the oxygen-carrying protein in
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our blood. Iron assists with the transportation of oxygen in our blood, is a cofactor for many

enzymes involved in metabolism, and is part of the superoxide dismutase antioxidant enzyme

system that fights free radicals. Zinc acts as a cofactor in the production of hemoglobin, in the

superoxide dismutase antioxidant enzyme system, in energy metabolism, and in activating

vitamin A in the retina. Zinc is also critical for cell reproduction, growth, and proper

development and functioning of the immune system.

Copper functions as a cofactor in energy metabolism, in the production of collagen and

elastin, and as part of the superoxide dismutase antioxidant enzyme system. Copper is also

involved in the proper transport of iron. Vitamin K acts as a coenzyme assisting in the

coagulation of blood and in the synthesis of proteins that maintain bone density. The B-

complex vitamins primarily involved in blood health are folate and vitamin B12. Neural tube

defects, which can result from inadequate folate intake during the first four weeks of

pregnancy, are the most common malformations of the fetal central nervous system.

Inadequate intakes of folate and vitamin B12 are associated with elevated homocysteine

levels which are in turn associated with a greater risk of cardiovascular, cerebrovascular, and

peripheral vascular diseases. Severe iron deficiency, the most common nutrient deficiency in

the world, results in microcytic anemia, in which healthy red blood cells and hemoglobin

levels are inadequate. Pernicious anemia is caused by a deficit of intrinsic factor, which in

turn results in vitamin B12 deficiency. Pernicious anemia causes reduced energy and exercise

tolerance, as well as signs of nervous system damage, including impaired movement and

cognitive and personality changes. Macrocytic anemia results from folate deficiency and

causes the formation of excessively large red blood cells that have reduced hemoglobin.

Symptoms are similar to those of iron-deficiency anemia. A healthy immune system is a

network of cells and tissues that protect us from pathogens. Phagocytes like macrophages and

neutrophils engulf and destroy invaders. An initial encounter with a foreign agent triggers

sensitization of memory cells and development of antibodies by plasma cells. The two

primary types of lymphocytes involved in specific immunity are: B cells that produce

antibodies, mark antigens for destruction, and circulate in the body; and T cells that destroy

body cells harboring foreign agents and signal other immune cells to respond. In active

immunity, the body has memory cells sensitized to a given antigen after experiencing an

infection or being vaccinated. In passive immunity, the body acquires antibodies from

another organism such as a mother. Malfunctions of the immune system include allergies,

autoimmune diseases, chronic inflammation, and immunodeficiencies. Protein/energy
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malnutrition can impair immune function and cause immunodeficiency. Obesity also impairs

immune function and causes chronic inflammation that increases the risk for cardiovascular

diseases, type 2 diabetes, asthma, and cancer. A balanced intake of omega-6 and omega-3

essential fatty acids is important for controlling inflammation. Immune function relies on

vitamins A, C, and E and the minerals zinc, copper, iron, and selenium; both deficiency and

excess of these micronutrients can impair immune response. Non-nutrient phytochemicals in

fruits and vegetables function as antioxidants to reduce risk for chronic diseases. Probiotics

consumed in the diet are helpful bacteria that protect the large intestine from infection, and

prebiotics encourage the growth of these beneficial intestinal bacteria.

Key Points:

1. Blood Components

Normally, 7-8% of human body weight is from blood. In adults, this amounts to 4-5 quarts of

blood. This essential fluid carries out the critical functions of transporting oxygen and

nutrients to our cells and getting rid of carbon dioxide, ammonia, and other waste products. In

addition, it plays a vital role in our immune system and in maintaining a relatively constant

body temperature. Blood is a highly specialized tissue composed of many different kinds of

components. Four of the most important ones are red cells, white cells, platelets, and plasma.

All humans produce these blood components--there are no populational or regional

differences.

2. Red Cells

Red cells, or erythrocytes, are relatively large microscopic cells without nuclei. In this latter

trait, they are similar to the primitive prokaryotic cells of bacteria. Red cells normally make

up 40-50% of the total blood volume. They transport oxygen from the lungs to all of the

living tissues of the body and carry away carbon dioxide. The red cells are produced

continuously in our bone marrow from stem cells at a rate of about 2-3 million cells per

second. Hemoglobin is the gas transporting protein molecule that makes up 95% of a red cell.

Each red cell has about 270,000,000 iron-rich hemoglobin molecules. People who are anemic

generally have a deficiency in red cells. The red color of blood is primarily due to oxygenated

red cells. Human fetal hemoglobin molecules differ from those produced by adults in the

number of amino acid chains. Fetal hemoglobin has three chains, while adults produce only
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two. As a consequence, fetal hemoglobin molecules attract and transport relatively more

oxygen to the cells of the body.

Red cells, or erythrocytes, are relatively large microscopic cells without nuclei. Red cells, or

3. White Cells

White cells, or leukocytes, exist in variable numbers and types but make up a very small part

of blood's volume--normally only about 1% in healthy people. Leukocytes are not limited to

blood. They occur elsewhere in the body as well, most notably in the spleen, liver, and lymph

glands. Most are produced in our bone marrow from the same kind of stem cells that produce

red blood cells. Others are produced in the thymus gland, which is at the base of the neck.

Some white cells (called lymphocytes) are the first responders for our immune system. They

seek out, identify, and bind to alien protein on bacteria, viruses, and fungi so that they can be

removed. Other white cells (called granulocytes and macrophages) then arrive to surround

and destroy the alien cells. They also have the function of getting rid of dead or dying blood

cells as well as foreign matter such as dust and asbestos. Red cells remain viable for only

about 4 months before they are removed from the blood and their components recycled in the

spleen. Individual white cells usually only last 18-36 hours before they also are removed,

though some types live as much as a year. The description of white cells presented here is a

simplification. There are actually many specialized sub-types of them that participate in

different ways in our immune responses.

4. Platelets

Platelets, or thrombocytes, are cell fragments without nuclei that work with blood clotting

chemicals at the site of wounds. They do this by adhering to the walls of blood vessels,

thereby plugging the rupture in the vascular wall. They also can release coagulating

chemicals which cause clots to form in the blood that can plug up narrowed blood vessels.

There are more than a dozen types of blood clotting factors and platelets that need to interact

in the blood clotting process. Recent research has shown that platelets help fight infections by

releasing proteins that kill invading bacteria and some other microorganisms. In addition,

platelets stimulate the immune system. Individual platelets are about 1/3 the size of red cells.
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They have a lifespan of 9-10 days. Like the red and white blood cells, platelets are produced

in bone marrow from stem cells.

5. Plasma

Plasma is the relatively clear liquid water (92+%), sugar, fat, protein and salt solution which

carries the red cells, white cells, platelets, and some other chemicals. Normally, 55% of our

blood's volume is made up of plasma. About 95% of it consists of water. As the heart pumps

blood to cells throughout the body, plasma brings nourishment to them and removes the

waste products of metabolism. Plasma also contains blood clotting factors, sugars, lipids,

vitamins, minerals, hormones, enzymes, antibodies, and other proteins. It is likely that plasma

contains some of every protein produced by the body--approximately 500 have been

identified in human plasma so far.

6. Immunity

Immunity is a medical term that describes a state of having sufficient biological defenses to

avoid infection, disease, or other unwanted biological invasion. Immunity involves both

specific and non-specific components. The non-specific components act either as barriers or

as eliminators of wide range of pathogens irrespective of antigenic specificity. Other

components of the immune system adapt themselves to each new disease encountered and are

able to generate pathogen-specific immunity. Adaptive immunity is often sub-divided into

two major types depending on how the immunity was introduced. Naturally acquired

immunity occurs through contact with a disease causing agent, when the contact was not

deliberate, whereas artificially acquired immunity develops only through deliberate actions

such as vaccination. Both naturally and artificially acquired immunity can be further

subdivided depending on whether immunity is induced in the host or passively transferred

from a immune host. Passive immunity is acquired through transfer of antibody or activated

T-cells from an immune host, and is short lived, usually lasts only a few months, whereas

active immunity is induced in the host itself by antigen, and lasts much longer, sometimes

life-long. The diagram below summarizes these divisions of immunity.
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7. Cellular barriers

A scanning electron microscope image of normal circulating human blood. One can see red

blood cells, several knobby white blood cells including lymphocytes, a monocyte, a

neutrophil, and many small disc-shaped platelets.

Leukocytes (white blood cells) act like independent, single-celled organisms and are the

second arm of the innate immune system. The innate leukocytes include the phagocytes

(macrophages, neutrophils, and dendritic cells), mast cells, eosinophils, basophils, and natural

killer cells. These cells identify and eliminate pathogens, either by attacking larger pathogens

through contact or by engulfing and then killing microorganisms. Innate cells are also

important mediators in the activation of the adaptive immune system. Phagocytosis is an

important feature of cellular innate immunity performed by cells called 'phagocytes' that

engulf, or eat, pathogens or particles. Phagocytes generally patrol the body searching for

pathogens, but can be called to specific locations by cytokines. Once a pathogen has been

engulfed by a phagocyte, it becomes trapped in an intracellular vesicle called a phagosome,

which subsequently fuses with another vesicle called a lysosome to form a phagolysosome.

The pathogen is killed by the activity of digestive enzymes or following a respiratory burst

that releases free radicals into the phagolysosome. Phagocytosis evolved as a means of

acquiring nutrients, but this role was extended in phagocytes to include engulfment of

pathogens as a defense mechanism. Phagocytosis probably represents the oldest form of host

defense, as phagocytes have been identified in both vertebrate and invertebrate animals.

Neutrophils and macrophages are phagocytes that travel throughout the body in pursuit of

invading pathogens. Neutrophils are normally found in the bloodstream and are the most

abundant type of phagocyte, normally representing 50% to 60% of the total circulating

leukocytes. During the acute phase of inflammation, particularly as a result of bacterial

infection, neutrophils migrate toward the site of inflammation in a process called chemotaxis,

and are usually the first cells to arrive at the scene of infection. Macrophages are versatile

cells that reside within tissues and produce a wide array of chemicals including enzymes,

complement proteins, and regulatory factors such as interleukin 1. Macrophages also act as

scavengers, ridding the body of worn-out cells and other debris, and as antigen-presenting

cells that activate the adaptive immune system. Dendritic cells (DC) are phagocytes in tissues
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that are in contact with the external environment; therefore, they are located mainly in the

skin, nose, lungs, stomach, and intestines. They are named for their resemblance to neuronal

dendrites, as both have many spine-like projections, but dendritic cells are in no way

connected to the nervous system. Dendritic cells serve as a link between the bodily tissues

and the innate and adaptive immune systems, as they present antigen to T cells, one of the

key cell types of the adaptive immune system.

Mast cells reside in connective tissues and mucous membranes, and regulate the

inflammatory response. They are most often associated with allergy and anaphylaxis.

Basophils and eosinophils are related to neutrophils. They secrete chemical mediators that are

involved in defending against parasites and play a role in allergic reactions, such as asthma.

Natural killer (NK cells) cells are leukocytes that attack and destroy tumor cells, or cells that

have been infected by viruses.

In Section 4 of this course you will cover these topics:
Achieving And Maintaining A Healthful Body Weight

Nutrition And Physical Activity: Keys To Good Health

Disordered Eating

Food Safety And Technology: Impact On Consumers

Topic : Achieving And Maintaining A Healthful Body Weight

Topic Objective:

At the end of the topic student will be able to understand:

 Healthful Body Weight

 Averages

 Sports usage

Definition/Overview:

Body weight: Although many people prefer the less-ambiguous term body mass, the term

body weight is overwhelmingly used in daily English speech and in biological and medical
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science contexts to describe the mass of an organism's body. Body weight is measured in

kilograms throughout the world, although in some countries people more often measure and

describe body weight in pounds (e.g. United States and sometimes Canada) or stones and

pounds (e.g. United Kingdom) and thus may not be well acquainted with measurement in

kilograms. Most hospitals in the United States now use kilograms for calculations, but use

kilograms and pounds together for other purposes. (A kg is about 2.2 lbs and a stone (14 lb) is

about 6.4 kg.)

Key Points:

1. Healthful Body Weight

A healthful body weight is one that is appropriate for age and physical development, can be

achieved and sustained without constant dieting, is acceptable to the individual, is based upon

individual genetic background and family history, promotes good eating habits, and allows

for regular physical activity. Underweight is having too little body fat to maintain health.

Overweight occurs when there is a moderate amount of excess body fat, and obesity occurs

when excess body fat adversely affects health. Morbid obesity occurs when weight exceeds

100% of normal. Body mass index, body composition, and the waist-to-hip ratio and waist

circumference are tools that can help evaluate the health of a particular body weight. The

energy balance equation relates food intake to energy expenditure. Eating more energy than is

expended causes weight gain, while eating less energy than is expended causes weight loss.

The three components of energy expenditure are basal metabolic rate (BMR), the thermic

effect of food, and the energy cost of physical activity. There are many factors that affect the

ability to lose or gain weight. Genetic background, childhood weight, behavioral and social

factors, and diet composition all influence adult body weight. Physiologic factors that

contribute to obesity include alterations in various proteins and hormones that influence

hunger and satiety. Maintaining a healthful body weight involves healthful dietary

approaches and participation in regular physical activity. Weight loss can be accomplished by

eating less food and less fat, doing regular exercise, and modifying behavior where

appropriate. Prescription medications may aid weight loss, but dietary supplements are not

recommended because they have limited safety and efficacy. Weight gain can be achieved by

eating more and performing weight lifting and aerobic exercise. Most products marketed for

weight gain are ineffective. Being underweight can increase health risk. Overweight is not as

detrimental to health as obesity, but does increase the risk of some diseases. Obesity and
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morbid obesity significantly increase the risk of many of the leading causes of death in the

United States. Obesity is caused by many factors. Treatment includes low-energy, low-fat

diets and regular physical activity. Weight-loss prescription medications and/or weight-loss

surgery may be appropriate in some extreme cases. The term is usually encountered in

connection with:

 food and feeding behaviour

 normal and abnormal growth and development

 the physiological and hormonal control of ingestion and digestion

 foraging for food in animals

 hunger and other motivations to eat

 problems in regulating body weight, often resulting in obesity

 eating disorders such as anorexia nervosa and bulimia nervosa

 effects of disease

 athletic competitions where the participants are classified according to their body weight

2. Averages

In the United States National Health and Nutrition Examination Survey, 19992002, the mean

weight of males between 20 and 74 years of age was 191 pounds (86.6 kg, 13 st 9 lb); the

mean weight of females of the same age range was 164 pounds (74.4 kg, 11 st 10 lb).

3. Sports usage

Participants in sports such as boxing, wrestling, judo, and weight-lifting are classified

according to their body weight, measured in units of mass such as pounds or kilograms. See,

e.g., wrestling weight classes, boxing weight classes, judo at the 2004 Summer Olympics,

boxing at the 2004 Summer Olympics.
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Topic : Nutrition And Physical Activity: Keys To Good Health

Topic Objective:

At the end of the topic student will be able to understand:

 Physical activity

 How can physical activity help condition my body?

 Physical fitness

 General fitness

 Specific fitness

Definition/Overview:

The topic includes that the physical activity is any movement produced by muscles that

increases energy expenditure. Exercise is purposeful, planned, and structured. Physical fitness

is the ability to carry out daily tasks with vigor and alertness, without undue fatigue, and with

ample energy to enjoy leisure-time pursuits and meet unforeseen emergencies. Physical

activity provides a multitude of health benefits, including reducing risks for obesity and many

chronic diseases, and relieving anxiety and stress. Despite these benefits, most Americans are

inactive. A sound fitness program has many components. Personal fitness goals should be

met, the fitness program should be fun, and it should include variety and consistency. To

achieve the appropriate overload for fitness, the FIT principle should be followed (frequency,

intensity, and time of activity). In addition, proper warm-up and cool-down activities should

be performed. Adenosine triphosphate, or ATP, is the common energy source for all cells.

ATP can be regenerated anaerobically by breaking down creatine phosphate or breaking

down glucose to pyruvate in the process of glycolysis. In this process, pyruvate is converted

to lactic acid which can also be used as muscle fuel. To support activities that last longer than

two minutes, energy must be derived aerobically from the breakdown of carbohydrates, fats,

and proteins. The type, intensity, and duration of activities determine nutrient needs.

Vigorous exercise requires extra energy. General recommendations for athletes include

consumption of 55 to 60% of total energy from carbohydrates, 20 to 25% from fat, and the

remainder of energy from protein. Protein needs may be higher for athletes, but most already
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eat plenty of protein. Regular exercise increases our fluid needs to help cool our internal body

temperature and prevent heat illnesses, which include heat syncope, heat cramps, heat

exhaustion, and heatstroke. Active people may also need more thiamin, riboflavin, and

vitamin B6 than inactive people. Many women do not consume enough calcium. Some

female athletes suffer from the female athlete triad, a condition that involves the interaction

of disordered eating, osteoporosis, and amenorrhea. Many active individuals require more

iron.

Key Points:

1. Physical activity

Regular aerobic physical activity increases your fitness level and capacity for exercise. It also

plays a role in both primary and secondary prevention of cardiovascular disease. Physical

inactivity is a major risk factor for heart disease and stroke and is linked to cardiovascular

mortality. Regular physical activity can help control blood lipid abnormalities, diabetes and

obesity. Aerobic physical activity can also help reduce blood pressure.

The results of pooled studies show that people who modify their behavior and start regular

physical activity after heart attack have better rates of survival and better quality of life.

Healthy people as well as many patients with cardiovascular disease can improve their fitness

and exercise performance with training.

2. How can physical activity help condition my body?

 Some activities improve flexibility, some build muscular strength and some increase

endurance.

 Some forms of continuous activities involve using the large muscles in your arms or legs.

These are called endurance or aerobic exercises. They help the heart by making it work more

efficiently during exercise and at rest.

 Brisk walking, jumping rope, jogging, bicycling, cross-country skiing and dancing are

examples of aerobic activities that increase endurance.
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3. Physical fitness

Physical fitness is used in two close meanings: general fitness (a state of health and well-

being) and specific fitness (a task-oriented definition based on the ability to perform specific

aspects of sports or occupations). Physical fitness is the functioning of the heart, blood

vessels, lungs, and muscles at optimum efficiency. In previous years, fitness was defined as

the capacity to carry out the days activities without undue fatigue. Automation increased

leisure time, and changes in lifestyles following the industrial revolution meant this criterion

was no longer sufficient. Optimum efficiency is the key. Physical fitness is now defined as

the bodys ability to function efficiently and effectively in work and leisure activities, to be

healthy, to resist hypokinetic diseases, and to meet emergency situations. Fitness can also be

divided into five categories: aerobic fitness, muscular strength, muscular endurance,

flexibility, and body composition.

4. General fitness

 Agility

 Jumping

 Balance

 Body composition

 Reflexes

 Cardiovascular endurance

 Coordination

 Flexibility and joint range of motion

 Speed

 Stamina

 Strength

 Acceleration

Many sources also cite mental and emotional health as an important part of overall fitness.

This is often presented in textbooks as a triangle made up of three sub-sections, which

represent physical, emotional, and mental fitness. Hence, one may be physically fit but may

still suffer from a mental illness or have emotional problems. The "ideal triangle" is balanced

in all areas. Physical fitness can also prevent or treat many chronic health conditions brought
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on by unhealthy lifestyle or aging, among other implications. Working out can also help

people sleep better. To stay healthy it's important to participate in physical activity.

5. Specific fitness

Specific or task-oriented fitness is a person's ability to perform in a specific activity with a

reasonable efficiency, for example, sports or military service. Specific training prepares

athletes to perform well in their sports.

Examples are:

 400m sprint - in a sprint the athlete must be trained to work anaerobically throughout the

race.

 Marathon - in this case the athlete must be trained to work aerobically and their endurance

must be built-up to a maximum.

Fire fighters and police officers must undergo regular Fitness testing to determine if they are

capable of the physically demanding tasks required for the job before they are employed.

Topic : Disordered Eating

Topic Objective:

At the end of the topic student will be able to understand:

 Disordered eating

 Eating disorder

 Anorexia nervosa

 Bulimia nervosa

 Compulsive exercising

 Binge eating

 Orthorexia nervosa

 Selective eating disorder
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 Causes

 Environmental

 Biological

 Developmental etiology

 Trauma

 Gender differences

 Diagnosis

Definition/Overview:

The topic contains that the eating behaviors occur along a continuum from normal to

somewhat abnormal to disorder. True eating disorders are psychiatric conditions

characterized by long-term behavior patterns that negatively affect body functioning, whereas

disordered eating is a more general term used to describe a variety of abnormal or atypical

eating behaviors. A number of factors are thought to influence the development of eating

disorders, including family environment, the media, social and cultural factors, personality

traits, and genetics. Anorexia nervosa is a medical disorder in which an individual uses severe

food restriction and other practices to maintain a body weight less than 85% of expected. It is

associated with many health risks and, sometimes, death. Bulimia nervosa is an eating

disorder characterized by recurrent episodes of binge eating, followed by some form of

purging. Bulimia nervosa is more common than anorexia, is less likely to result in death, but

is still the cause of a variety of health consequences. Eating disorders-not otherwise specified

(ED-NOS) are eating disorders that are not classified as anorexia nervosa or bulimia nervosa.

Chronic dieting is defined as consistently and successfully restricting energy intake to

maintain an average or below average body weight. The health consequences of chronic

dieting and other ED-NOS may include poor nutritional status, decreased energy expenditure,

psychological stress, and menstrual dysfunction. Binge-eating disorder is a severe, life-

threatening disorder characterized by recurrent episodes of compulsive overeating or binge

eating. Binge-eating disorder increases the risk of depression, obesity, and obesity-related

conditions. The female athlete triad is a syndrome consisting of three distinct disorders:

disordered eating, menstrual dysfunction, and osteoporosis. Treatment of a clinical eating

disorder typically involves a team approach that includes nutritional management,

psychological treatment, medications, and other treatment options as necessary. The current
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goals of eating disorder prevention are to identify precipitating factors in the home, school,

and social environment and implement strategies to reduce or eliminate these

Key Points:

1. Disordered eating

Disordered eating is a term that is used by some people to describe a wide variety of

irregularities in eating behavior that do not warrant a diagnosis of a specific eating disorder

such as anorexia nervosa or bulimia nervosa. People who have this kind of disordered eating

patterns may be diagnosed with an eating disorder not otherwise specified. A change in

eating patterns can also be caused by other mental disorders (e.g. clinical depression), or by

factors that are generally considered to be unrelated to mental disorders (e.g. extreme home-

sickness). Some people think that disordered eating patterns that are not the result of a

specific eating disorder are less serious than symptoms of disorders like anorexia nervosa.

Others note that individual cases of disordered eating may involve serious problems with

food and body image. Additionally, certain types of disordered eating can include symptoms

from both classic cases of anorexia and bulimia, making the disordered eating as dangerous

as regular eating disorders. Some counselors are specialized in dealing with disordered eating

patterns. The recognition that some people have eating problems that do not fit into the scope

of regular specific eating disorders makes it possible for a larger proportion of people who

have eating problems to receive help.

2. Eating disorder

An eating disorder is a compulsion to eat, or avoid eating, that negatively affects both one's

physical and mental health. Eating disorders are all encompassing. They affect every part of

the person's life. According to the authors of Surviving an Eating Disorder, "feelings about

work, school, relationships, day-to-day activities and one's experience of emotional well

being are determined by what has or has not been eaten or by a number on a scale." Anorexia

nervosa and bulimia nervosa are the most common eating disorders generally recognized by

medical classification schemes, with a significant diagnostic overlap between the two.

Together, they affect an estimated 5-7% of females in the United Statesduring their lifetimes.

There is a third type of eating disorder currently being investigated and defined - Binge

Eating Disorder. This is a chronic condition that occurs when an individual consumes huge
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amounts of food during a brief period of time and feels totally out of control and unable to

stop their eating. It can lead to serious health conditions such as morbid obesity, diabetes,

hypertension, and cardiovascular disease.

3. Anorexia nervosa

Anorexia nervosa is deliberate and sustained weight loss driven by a fear of distorted body

image. It is not to be confused with anorexia, which is its symptomatic general loss of

appetite or disinterest in food. DSM-IV characterizes anorexia nervosa as:

 An abnormally low body weight (the suggested guideline ≤ 85% of normal for age and

height, or BMI ≤ 17.5).

 For postmenarcheal females, amenorrhea (the absence of three consecutive menstrual cycles).

 An intense fear gaining weight or becoming fat and a preoccupation with body weight and

shape.

Most anorexics become so as adolescents, with 76% reporting onset of the disorder between

the ages of 11 and 20. The mortality rate for those diagnosed with anorexia nervosa is

approximately 6%the highest of any mental illnesswith roughly half of those due to suicide.

Anorexics are commonly perfectionists, driven to succeed; yet they set unattainable standards

of performance for themselves. When they fail to meet these standards, they look for a part of

their lives they can control; food and weight become that control for them. Low self-esteem

and constant self-criticism cause anorexics to constantly fear losing control, and even

consuming a small amount of food could be considered a loss of control.

4. Bulimia nervosa

Bulimia nervosa is a cyclical and recurring pattern of binge eating (uncontrolled bursts of

overeating) followed by guilt, self-recrimination and overcompensatory behaviour such as

crash dieting, overexercising and purging to compensate for the excessive caloric intake.

Bulimics often have "binge food," which is the food they typically consume during binges.

Some describe their binge episodes as a physical high they feel, numbing out, going into

auto-pilot, losing all control, immediate comfort, etc. The reasoning or triggers behind a

binge may serve different purposes for different people. This binge episode leads the

individual to feel guilt, shame, embarrassment, and complete failure. Bulimics try to regain
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control of themselves and the situation by purging the foodmaking up for their mistake. This

leads to feeling famished and empty again, and therefore, another uncontrollable binge,

followed by feeling powerless, and the vicious binge/purge cycle continues. Bulimics have

extreme eating and exercising habits, instead of demonstrating moderation. This compulsive

behavior is often echoed in similar destructive behavior such as sexual promiscuity,

pathological lying, and shoplifting. Some bulimics not only struggle with the eating disorder,

but these other harmful behaviors as well.

5. Compulsive exercising

Compulsive exercising is a type of bulimia nervosa, where those afflicted exercise in order to

purge excess calories. One that struggles with this disorder takes part of vigorous physical

activity to the point that it is unhealthy and unsafe. It is often referred to as obligatory

exercise or anorexia athletic. The individual usually feels compelled to exercise and has

problems with anxiety and guilt until exercising. Someone that has compulsive exercising

disorder will still force themselves to work out even when sick or injured. He or she will

often calculate how much they have eaten and exercise on the amount of calories they have

eaten and usually have low energy because of all the calories they have burned. People who

struggle with this disorder usually do it to have more control in their life. Praise is often given

to the individual about how in shape he/she may look which gives that person more of a drive

to continue to work out. Females most commonly have compulsive exercising disorder and

measure their self worth through their performance. They often take out their emotions like

anger, depression, or frustration when exercising by pushing their bodies to the limit.

6. Binge eating

Binge eating (also known as Obsessive Compulsive Overating [COE]) is one of the most

common mental disorders and is linked with Obsessive Compulsive Disorder (OCD). It

involves the consumption of very large amounts of food in a short period of time. About 2

percent of all adults in the United States struggle with binge eating. People at any age can

develop this particular disorder, but it is seen most in young adults. Clinical studies have

continued to find that obese binge eaters have much higher levels of depression than other

obese individuals that do not have a binge eating disorder. The individual has feelings of

disgust and guilt that leads to depression.
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People that struggle with binge eating are likely to have alcohol problems and engage in

impulsive behavior, such as not thinking before acting out.They do not feel that they can

control themselves, are typically not close with their community, and have difficulty

discussing their problems and feelings. They also have more health problems, a hard time

sleeping at night, joint pain, muscle pains, menstrual problems, and headaches. Affected

people often have suicidal thoughts, struggle digesting their food, and are stressed. People

that have a binge eating disorder are usually ashamed and become very good at hiding the

fact that they have it. They become so good at hiding that most people around them,

including close friends and family members, do not even know about their disorder.

Although it is not diagnosed very often, several factors can make it more difficult to diagnose

than other eating disorders. Because COE is an eating disorder which is less commonly

taught in school or talked about, a large amount of people who have the disorder just blame

their weight on their binges and don't consider that there might be a psychological reason

behind their binge eating, or are not even aware that the disorder exists altogether. One way

to determine if a person has COE is by looking at their eating patterns. It is not uncommon in

some that their food habits can be completely random: healthy foods a few days, attempted

dieting or even crash dieting, which are followed by a relapse into binge eating. A very

common misconception is that people who have COE do not know healthy eating habits or

simply "don't know better," however, what makes this specifically an eating disorder is the

addiction of eating large amounts of food and repeated relapsing in attempts to changing to

healthy eating habits.[citation needed]

7. Orthorexia nervosa

Orthorexia nervosa is a recently discovered disease previously thought to be Anorexia. This

type of disorder is an obsession with eating only healthy types of foods. This disorder derives

from the drive to become pure, so that a sufferer begins to become obsessed with everything

that he or she is consuming. Someone who struggles with orthorexia nervosa will do things

like planning out their meals for the next day. This means that they will have a strict planned

schedule of breakfast, lunch and dinner. Thinness often results due to the restricted types and

amounts of food eaten, but is a side effect rather than an intended result. People who have

orthorexia nervosa are often critical of what others eat, and usually isolate themselves from

surroundings.

www.bsscommunitycollege.in   www.bssnewgeneration.in  www.bsslifeskillscollege.in

133
www.onlineeducation.bharatsevaksamaj.net        www.bssskillmission.in

WWW.BSSVE.IN



8. Selective eating disorder

Selective Eating Disorder (SED) prevents the consumption of certain foods. Although it is

often viewed as a phase of childhood that is generally overcome with age, one may continue

to be afflicted with SED throughout his or her adult life. Those with the disorder eat a "highly

limited range of foods" and are unlikely to try new foods, as well. When the disorder persists

into middle childhood and adolescence, it can result in conflict, anxiety, and social

avoidance.

Sufferers of SED have an inability to eat certain foods based on texture or aroma. "Safe"

foods may be limited to only certain types of food or even specific brands. In some cases,

afflicted individuals will exclude whole food groups, such as fruits or vegetables.

9. Environmental

The media may be a significant influence on eating disorders through its impact on values,

norms, and image standards accepted by modern society. Both societys exposure to media

and eating disorders have grown immensely over the past decade. Researchers and clinicians

are concerned about the relationship between these two phenomena and finding ways to

reduce the negative influence thin-ideal media has on womens body perception and

susceptibility to eating disorders. The dieting industry makes billions of dollars each year by

consumers continually buying products in an effort to be the ideal weight. Hollywooddisplays

an unrealistic standard of beauty that makes the public feel incredibly inadequate and

dissatisfied and forces people to strive for an unattainable appearance. This takes an

enormous toll on one's self-esteem and can easily lead to dieting behaviors, disordered eating,

body shame, and ultimately an eating disorder.

10. Biological

Patients with severe obsessive compulsive disorder, depression or bulimia were all found to

have abnormally low serotonin levels. Neurotransmitters such as serotonin, dopamine and

norepinephrine are secreted by the intestines and central nervous system during digestion.

Researchers have also found low cholecystokinin levels in bulimics. Cholecystokinin is a

hormone that causes one to feel full and decreases eating. Low levels of this hormone are

likely to cause a lack of satiative feedback when eating, which can lead to overeating.
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Another explanation researchers found for overeating is abnormalities in the neuromodulator

peptides, neuropeptide Y and peptide YY. Both of these peptides increase eating and work

with another peptide called leptin. Leptin is released by fat cells and is known to decrease

eating. Research found the majority of people who overate produced normal amounts of

leptin but they might have complications with the blood-brain barrier preventing an optimal

amount to reach the brain.

Cortisol is a hormone released by the adrenal cortex which promotes blood sugar and

increases metabolism. High levels of cortisol were found in people with eating disorders.

This imbalance may be caused by a problem in or around the hypothalamus. A study in

London at MaudsleyHospital found that anorexics were found to have a large variation of

serotonin receptors and a high level of serotonin.

Many of these chemicals and hormones are associated with the hypothalamus in the brain.

Damage to the hypothalamus can result in abnormalities in temperature regulation, eating,

drinking, sexual behavior, fighting, and activity level. Uher & Treasure performed a study

researching brain lesions effects on eating disorders. They evaluated 54 formally published

cases of eating disorders and brain damage. They found many correlations between eating

disorders and damage to the hypothalamus. People with brain lesions in the hypothalamus

had abnormal eating behaviors; unprovoked and self induced vomiting, over concern with

becoming fat, cheating with eating, frequent sleepiness, depression, obsessive compulsive

behavior and diabetes insipidus.While scientists have determined that there are possible

biochemical or biological causes leading to eating disorders because certain chemicals which

control hunger, appetite or digestions are out of balance, experts such as Dr. Edward J.

Cumella, executive director of the Remuda Treatment Programs, states that there are three

components to eating disorders: 1. The genetic component; 2. The unique environmental

factors, such as personal experiences; and 3) The shared environmental factors, such as

culture. According to Dr. Cumella, "Some people are born with a predisposition to having an

eating disorder and there are genetic markers that can push a person in the direction of

anorexia or bulimia...but it does not guarantee that a person will automatically suffer from an

eating disorder. The environment - a person's life experience - still has to pull the trigger."
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11. Developmental etiology

Research from a family systems perspective indicates that eating disorders stem from both

the adolescent's difficulty in separating from over-controlling parents, and disturbed patterns

of communication. When parents are critical and unaffectionate, their children are more

prone to becoming self-destructive and self-critical, and have difficulty developing the skills

to engage in self-care giving behaviors. Such developmental failures in early relationships

with others, particularly maternal empathy, impairs the development of an internal sense of

self and leads to an over-dependence on the environment. When coping strategies have not

been developed in the family system, food and drugs serve as a substitute.

12. Trauma

Eating disorders should also be understood in the context of experienced trauma, with many

eating problems beginning as survival strategies rather than vanity or obsession with

appearance. According to sociologist Becky Thompson, eating disorders stemming from

women of varying socio-economic status, sexual orientation and race, and finds that eating

disorders and a disconnected relationship with one's body is commonly a response to

environmental stresses, including sexual, physical, and emotional abuse, racism, and poverty.

This reality is further detrimental for women of color and other minority women, since they

are forced to live in a culture that embraces a narrowly defined conception of beauty: "people

furthest from the dominant ideal of beauty, specifically women of color, may suffer the

psychological effects of low self-esteem, poor body image, and eating disorders."

13. Gender differences

"Frequent dieting and trying to look like persons in the media were independent predictors of

binge eating in females of all ages. In males, negative comments about weight by fathers was

predictive of starting to binge at least weekly."

Exercise addiction is common in men and women, especially in those who suffer from eating

disorders and obsessive-compulsive disorder. It is the result of a fear of becoming fat, and

allowing their need to stay fit to overtake their lives. Exercise addicts are risking their health

in order to get a "runner's high." They are in search of the ideal body type and place the

importance of exercise above the needs of their children, parents, friends and health.
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14. Diagnosis

Clinically, eating disorders are evaluated using instruments such as the Questionnaire of

Eating and Weight Patterns (QEWP), which has specialized versions for adolescents and

parents (QEWP-A, and QEWP-P). In addition to evaluating eating patterns, these tests also

diagnose depression.

Topic : Food Safety And Technology: Impact On Consumers

Topic Objective:

At the end of the topic student will be able to understand:

 Developments in food technology

 Early history of food technology

 Food technology

 European Union

 State and local regulation

 Federal-level regulation

 United States

 Australia

 United Kingdom

 Regulatory agencies

 Food safety

Definition/Overview:

This topic concerns about food safety center on three areas: food-borne illness, food spoilage,

and technological manipulation of food. Food infections result from the consumption of food

containing living microorganisms, such as bacteria, whereas food intoxications result from

consuming food in which microbes have secreted toxins. Allergic reactions to foods can be

immediate or delayed by several hours or days. Food-borne illness can be prevented by good

hygiene, proper food storage and preparation, and wise choices when traveling and dining

out. Food spoilage affects a foods appearance, texture, taste, smell, and safety. Natural food

preservation techniques include salting, sugaring, drying, smoking, and cooling. Synthetic

food preservation techniques include canning, pasteurization, addition of preservatives,
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aseptic packaging, irradiation, and genetic modification. Food additives are natural or

synthetic chemicals added to foods to enhance their color, flavor, texture, nutrient density,

moisture level, or shelf life. The GRAS list identifies the several hundred food additives

approved for use by U.S.food manufacturers. Persistent organic pollutants (POPs) have been

found in virtually all categories of foods. Although pesticides prevent or reduce crop losses,

they are potential toxins. The Environmental Protection Agency (EPA) regulates the labeling,

sale, distribution, use, and disposal of all pesticides in the United States. Recombinant bovine

growth hormone is a genetically engineered growth hormone injected into meat and dairy

cows to increase meat production and milk output. There are possible health concerns

associated with its use. Organic standards established in 2002 provide uniform definitions for

all organic products sold in the United States. Research on organic foods is limited, but some

organic foods may be more nutritious.

Key Points:

1. Food safety

Food safety is a scientific discipline describing handling, preparation, and storage of food in

ways that prevent foodborne illness. This includes a number of routines that should be

followed to avoid potentially severe health hazards. Food can transmit disease from person to

person as well as serve as a growth medium for bacteria that can cause food poisoning.

Debates on genetic food safety include such issues as impact of genetically modified food on

health of further generations and genetic pollution of environment, which can destroy natural

biological diversity. In developed countries there are intricate standards for food preparation,

whereas in lesser developed countries the main issue is simply the availability of adequate

safe water, which is usually a critical item.

2. United Kingdom

The UK Food Standards Agency is the body responsible for food safety policy and

legislation, with enforcement carried out by 'Food Authorities' which are the local authorities

and, in respect of imports, port health authorities. The Agency provides guidance and

information to food businesses as well as enforcement bodies, and mounts publicity

campaigns aimed at informing the public about food safety.
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The official control of food is governed by criminal law, with the main primary legislation in

the form of the Food Safety Act 1990. There is a raft of subordinate regulations, many of

which implement European Union directives and regulations, prescribing requirements for

hygiene, limits for contaminants, controls over the use of additives, and labelling

requirements, together with other matters related such as food quality and authenticity.

Regulatory control by food authorities is based on inspection of premises supplemented by

sampling of food for analysis by public analysts (chemical analysis for contaminants etc) and

food examiners (microbiological examination for bacteria).

3. Australia

Australian Food Authority is working toward ensuring that all food businesses implement

food safety systems to ensure food is safe to consume in a bid to halt the increasing incidence

of food poisoning, this includes basic food safety training for at least one person in each

business. Smart business operators know that basic food safety training improves the bottom

line, staff take more pride in their work; there is less waste; and customers can have more

confidence in the food they consume. Food Safety training in units of competence from a

relevant training package, must be delivered by a Registered Training Organization (RTO) to

enable staff to be issued with a nationally-recognised unit of competency code on their

certificate. Generally this training can be completed in less than one day. Training options are

available to suit the needs of everyone. Training may be carried out in-house for a group, in a

public class, via correspondence or online. (To find Food Safety Training available search

Google or contact the local Health Department ) Basic Food Safety Training includes:

 Understanding the hazards associated with the main types of food and the conditions to

prevent the growth of bacteria which can cause food poisoning

 The problems associated with product packaging such as leaks in vacuum packs, damage to

packaging or pest infestation, as well as problems and diseases spread by pests.

 Safe Food handling. This includes safe procedures for each process such as receiving, re-

packing, food storage, preparation and cooking, cooling and re-heating, displaying products,

handling products when serving customers, packaging, cleaning and sanitizing, pest control,

transport and delivery. Also the causes of cross contamination.

 Catering for customers who are particularly at risk of food-borne illness, including allergies

and intolerance.
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 Correct cleaning and sanitizing procedures, cleaning products and their correct use, and the

storage of cleaning items such as brushes, mops and cloths.

 Personal hygiene, hand washing, illness, and protective clothing.

 People responsible for serving unsafe food can be liable for heavy fines under this new

leglislation, consumers are pleased that industry will be forced to take food safety seriously.

4. Federal-level regulation

The Food and Drug Administration publishes the Food Code, a model set of guidelines and

procedures that assists food control jurisdictions by providing a scientifically sound technical

and legal basis for regulating the retail and food service industries, including restaurants,

grocery stores and institutional foodservice providers such as nursing homes. Regulatory

agencies at all levels of government in the United States use the FDA Food Code to develop

or update food safety rules in their jurisdictions that are consistent with national food

regulatory policy. According to the FDA, 48 of 56 states and territories, representing 79% of

the U.S.population, have adopted food codes patterned after one of the five versions of the

Food Code, beginning with the 1993 edition.

In the United States, federal regulations governing food safety are fragmented and

complicated, according to a February 2007 report from the Government Accountability

Office. There are 15 agencies sharing oversight responsibilities in the food safety system,

although the two primary agencies are the U.S. Department of Agriculture (USDA) Food

Safety and Inspection Service (FSIS), which is responsible for the safety of meat, poultry,

and processed egg products, and the Food and Drug Administration (FDA), which is

responsible for virtually all other foods.

5. State and local regulation

A number of U.S. states have their own meat inspection programs that substitute for USDA

inspection for meats that are sold only in-state. Certain state programs have been criticized

for undue leniency to bad practices.

However, other state food safety programs supplement, rather than replace, Federal

inspections, generally with the goal of increasing consumer confidence in the state's produce.

For example, state health departments have a role in investigating outbreaks of food-borne
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disease bacteria, as in the case of the 2006 outbreak of Escherichia coli O157:H7 (bad E. coli

bacteria) from processed spinach. Health departments also promote better food processing

practices to eliminate these threats.

In addition to the US Food and Drug Administration, several states that are major producers

of fresh fruits and vegetables (including California, Arizona and Florida) have their own state

programs to test produce for pesticide residues.

Restaurants and other retail food establishments fall under state law and are regulated by state

or local health departments. Typically these regulations require official inspections of specific

design features, best food-handling practices, and certification of food handlers. In some

places a letter grade or numerical score must be prominently posted following each

inspection. In some localities inspection deficiencies and remedial action are posted on the

Internet.

6. European Union

The parliament of the European Union (EU) makes legislation in the form of directives and

regulations, many of which are mandatory for member states and which therefore must

incorporated into individual countries' national legislation. As a very large organisation that

exists to remove barriers to trade between member states, and into which individual member

states have only a proportional influence, the outcome is often seen as an excessively

bureaucratic 'one size fits all' approach. However, in relation to food safety the tendency to

err on the side of maximum protection for the consumer may be seen as a positive benefit.

The EU parliament is informed on food safety matters by the European Food Safety

Authority.

Individual member states may also have other legislation and controls in respect of food

safety, provided that they do not prevent trade with other states, and can differ considerably

in their internal structures and approaches to the regulatory control of food safety.

7. Food technology

Food technology, or Food tech for short is the application of food science to the selection,

preservation, processing, packaging, distribution, and use of safe, nutritious, and wholesome

food. Food scientists and food technologists study the physical, microbiological, and
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chemical makeup of food. Depending on their area of specialization, food scientists may

develop ways to process, preserve, package, or store food, according to industry and

government specifications and regulations. Consumers seldom thinkof the vast array of foods

and the research and development that has resulted in the means to deliver tasty, nutritious,

safe, and convenient foods. In some schools, food technology is part of the curriculum and

teaches, alongside how to cook, nutrition and the food manufacturing process.

8. Early history of food technology

Research in the field now known as food technology has been conducted for decades. Nicolas

Apperts development in 1810 of the canning process was a decisive event. The process wasnt

called canning then and Appert did not really know the principle on which his process

worked, but canning has had a major impact on food preservation techniques.

Louis Pasteur's research on the spoilage of wine and his description of how to avoid spoilage

in 1864 was an early attempt to put food technology on a scientific basis. Besides research

into wine spoilage, Pasteur did research on the production of alcohol, vinegar, wines and

beer, and the souring of milk. He developed pasteurizationthe process of heating milk and

milk products to destroy food spoilage and disease-producing organisms. In his research into

food technology, Pasteur became the pioneer into bacteriology and of modern preventive

medicine. By 1940's to 1950's, the original four departments that had taught the subject under

different names (including those at the University of Massachusetts and the University of

California) had been retitled "food science", "food science and technology", or a similar

variant.

9. Developments in food technology

Several companies in the food industry have played a role in the development of food

technology. These developments have contributed greatly to the food supply. Some of these

developments are:

 Instantized Milk Powder - D.D. Peebles (U.S. patent 2,835,586) developed the first instant

milk powder, which has become the basis for a variety of new products that are rehydratable

in cold water or milk. This process increases the surface area of the powdered product by

partially rehydrating spray-dried milk powder.
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 Freeze Drying - The first application of freeze drying was most likely in the pharmaceutical

industry; however, a successful large-scale industrial application of the process was the

development of continuous freeze drying of coffee.

 High-Temperature Short Time Processing - These processes for the most part are

characterized by rapid heating and cooling, holding for a short time at a relatively high

temperature and filling aseptically into sterile containers.

 Decaffeination of Coffee and Tea - Decaffeinated coffee and tea was first developed on a

commercial basis in Europe around 1900. The process is described in U.S. patent 897,763.

Green coffee beans are treated with steam or water to around 20% moisture. The added water

and heat separate the caffeine from the bean to its surface. Solvents are then used to remove

the caffeine from the beans. In the 1980s, new non-organic solvent techniques have been

developed for the decaffeination of coffee and tea. Carbon dioxide under supercritical

conditions is one of these new techniques. U.S. patent 4,820,537 was issued to General Foods

Corp. for a CO2 decaffeination process.

 Process optimization- Food Technology now allows production of foods to be more efficient,

Oil saving technologies are now available on different forms. Production methods and

methodology have also become increasingly sophisticated.

In Section 5 of this course you will cover these topics:
Nutrition Through The Life Cycle: Pregnancy And The First Year Of Life

Nutrition Through The Life Cycle: Childhood And Adolescence

Nutrition Through The Life Cycle: The Later Years

Global Nutrition

Topic : Nutrition Through The Life Cycle: Pregnancy And The First Year Of Life

Topic Objective:

At the end of the topic student will be able to understand:

 Baby food allergies - will my child outgrow them?

 What can I do to protect my baby?

 Is your baby under 6 months of age?
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 Was your child born by Caesarean section?

 Was your baby premature?

 Do you suffer from a food allergy yourself?

 Is my baby at risk?

 What symptoms should I be looking for?

 How are baby food allergies diagnosed?

 What is the difference between baby food allergies and digestive problems?

 Food allergy

 Lactation without pregnancy, Induced lactation, Relactation

 Afterpains

 Milk ejection reflex

 Lactogenesis III

 Lactogenesis II

 Lactogenesis I

 Hormonal influences

 Human lactation

 Fetal development

Definition/Overview:

The topic demonstrates that the Nutrition is important before and throughout pregnancy to

support fetal development without depleting the mothers reserves. Each trimester of

pregnancy is associated with particular developmental phases of the fetus. Pregnant women

of normal weight should gain 2535 pounds during pregnancy and should be especially careful

to consume adequate amounts of folate, vitamin B12, vitamin C, vitamin D, calcium, iron,

and zinc. A majority of pregnant women experience morning sickness, and many crave or

feel aversions to specific foods. Heartburn and constipation in pregnancy are related to the

relaxation of smooth muscle caused by certain pregnancy-related hormones. Gestational

diabetes and preeclampsia are nutritionrelated disorders that can affect maternal and fetal

health. Adolescents bodies are still growing and developing; thus their nutrient needs during

pregnancy are higher than those of older pregnant women. Older women are at higher risk for

gestational diabetes and preeclampsia. Dieting, alcohol consumption, and smoking can

prevent successful outcomes of pregnancy. WIC is a federal program to improve the nutrition

of pregnant and lactating women and at-risk infants and children. Breast-feeding provides
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many benefits to both mother and newborn. Nutrient needs are different than during

pregnancy and there are special concerns for some women. Infancy is characterized by rapid

growth and brain development. An infant needs to consume about 50 kcal per pound of body

weight per day. Breast milk or formula provides necessary nutrients for the first 46 months of

life. Solid foods can gradually be introduced into an infants diet when developmentally and

physically ready. Infants must be monitored closely for appropriate growth, dehydration,

allergies, and other signs of distress.

Key Points:

1. Fetal development

Pregnancy usually lasts 280 days or 40 weeks, counting from the first day of your last

menstrual period. It is usually broken into three parts called 'trimesters'. The first trimester

lasts from week one to week 13; the second trimester from 14 to 27; and the third from 28 to

40 weeks or until birth. Each trimester has its own milestones. During the first trimester, it's

hearing the heartbeat; during the second, it's the first time the baby moves; in the third, many

women experience Braxton Hicks contractions, which signify that your body is getting ready

for labour. Some tests, such as chorionic villus sampling, are done during the first trimester.

Others, such as amniocentesis, another kind of diagnostic test, may be done during the second

trimester. Rhesus incompatibility may also be diagnosed in the second trimester. Certain

problems, such as gestational diabetes if they develop, almost always arise during the last

trimester. Your feelings will change during each trimester as well. In the beginning, you

might be fraught with weepiness and fatigue due to hormonal changes. You may feel

ambivalent if you've been experiencing morning sickness, wondering what you've done to

deserve this discomfort. You might also feel intense excitement, bursting with your special

news. When you reach the second trimester, you may feel upbeat and energized, especially if

earlier nausea disappears. You might feel apprehensive as you anticipate telling your boss

your news and you start thinking about maternity leave and the drastic lifestyle changes you'll

be making. You might start daydreaming about what your baby will look like and imagining

life with him or her. By the last trimester, boredom may set in. The heaviness and fatigue you

may experience could leave you counting down the days to your due date. A sense of calm

may descend on you if you've got everything organized: not only concerning work but also

lining up help for when you bring your baby home. Finally, an intense 'nesting instinct' may

overtake you right before you go into labour, causing you to sort, organize and clean.
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2. Human lactation

When the baby sucks its mother's breast, a hormone called oxytocin compels the milk to flow

from the alveoli, through the ducts (milk canals) into the sacs (milk pools) behind the areola

and then into the baby's mouth

3. Hormonal influences

From the fourth month of pregnancy (the second and third trimesters), a woman's body

produces hormones that stimulate the growth of the milk duct system in the breasts:

 Progesterone influences the growth in size of alveoli and lobes. Progesterone levels drop after

birth. This triggers the onset of copious milk production.

 oestrogen stimulates the milk duct system to grow and become specific. Oestrogen levels also

drop at delivery and remain low for the first several months of breastfeeding. It is

recommended that breastfeeding mothers avoid oestrogen-based birth control methods, as a

spike in estrogen levels may reduce a mother's milk supply.

 Follicle stimulating hormone (FSH)

 Luteinizing hormone (LH)

 Prolactin contributes to the increased growth of the alveoli during pregnancy.

 Oxytocin contracts the smooth muscle of the uterus during and after birth, and during orgasm.

After birth, oxytocin contracts the smooth muscle layer of band-like cells surrounding the

alveoli to squeeze the newly-produced milk into the duct system. Oxytocin is necessary for

the milk ejection reflex, or let-down to occur.

 Human placental lactogen (HPL) From the second month of pregnancy, the placenta releases

large amounts of HPL. This hormone appears to be instrumental in breast, nipple, and areola

growth before birth.

By the fifth or sixth month of pregnancy, the breasts are ready to produce milk. It is also

possible to induce lactation without pregnancy.

4. Lactogenesis I

During the latter part of pregnancy, the woman's breasts enter into the Lactogenesis I stage.

This is when the breasts make colostrum (see below), a thick, sometimes yellowish fluid. At

this stage, high levels of progesterone inhibit most milk production. It is not a medical
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concern if a pregnant woman leaks any colostrum before her baby's birth, nor is it an

indication of future milk production.

5. Lactogenesis II

At birth, prolactin levels remain high, while the delivery of the placenta results in a sudden

drop in progesterone, estrogen, and HPL levels. This abrupt withdrawal of progesterone in

the presence of high prolactin levels stimulates the copious milk production of Lactogenesis

II.

When the breast is stimulated, prolactin levels in the blood rise, peak in about 45 minutes,

and return to the pre-breastfeeding state about three hours later. The release of prolactin

triggers the cells in the alveoli to make milk. Prolactin also transfers to the breast milk. Some

research indicates that prolactin in milk is higher at times of higher milk production, and

lower when breasts are fuller, and that the highest levels tend to occur between 2 a.m. and 6

a.m.

Other hormonesnotably insulin, thyroxine, and cortisolare also involved, but their roles are

not yet well understood. Although biochemical markers indicate that Lactogenesis II begins

about 3040 hours after birth, mothers do not typically begin feeling increased breast fullness

(the sensation of milk "coming in") until 5073 hours (23 days) after birth.

Colostrum is the first milk a breastfed baby receives. It contains higher amounts of white

blood cells and antibodies than mature milk, and is especially high in immunoglobulin A

(IgA), which coats the lining of the baby's immature intestines, and helps to prevent germs

from invading the baby's system. Secretory IgA also helps prevent food allergies. Over the

first two weeks after the birth, colostrum production slowly gives way to mature breast milk.

6. Lactogenesis III

The hormonal endocrine control system drives milk production during pregnancy and the first

few days after the birth. When the milk supply is more firmly established, autocrine (or local)

control system begins. This stage is called Lactogenesis III

During this stage, the more that milk is removed from the breasts, the more the breast will

produce milk. Research also suggests that draining the breasts more fully also increases the
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rate of milk production. Thus the milk supply is strongly influenced by how often the baby

feeds and how well it is able to transfer milk from the breast. Low supply can often be traced

to:

 not feeding or pumping often enough

 inability of the infant to transfer milk effectively caused by, among other things:

 jaw or mouth structure deficits

 poor latching technique

 rare maternal endocrine disorders

 hypoplastic breast tissue

 a metabolic or digestive inability in the infant, making it unable to digest the milk it receives

 inadequate calorie intake or malnutrition of the mother

7. Milk ejection reflex

The release of the hormone oxytocin leads to the milk ejection or let-down reflex. Oxytocin

stimulates the muscles surrounding the breast to squeeze out the milk. Breastfeeding mothers

describe the sensation differently. Some feel a slight tingling, others feel immense amounts of

pressure or slight pain/discomfort, and still others do not feel anything different.

The let-down reflex is not always consistent, especially at first. The thought of breastfeeding

or the sound of any baby can stimulate this reflex, causing unwanted leakage, or both breasts

may give out milk when an infant is feeding from one breast. However, this and other

problems often settle after two weeks of feeding.Stress or anxiety can cause difficulties with

breastfeeding.

A poor milk ejection reflex can be due to sore or cracked nipples, separation from the infant,

a history of breast surgery, or tissue damage from prior breast trauma. If a mother has trouble

breastfeeding, different methods of assisting the milk ejection reflex may help. These include

feeding in a familiar and comfortable location, massage of the breast or back, or warming the

breast with a cloth or shower.

8. Afterpains

The surge of oxytocin that may also possibly trigger the milk ejection reflex also causes the

uterus to contract. During breastfeeding, mothers may feel these contractions as afterpains.
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These may range from period-like cramps to strong labour-like contractions and can be more

severe with second and subsequent babies.

9. Lactation without pregnancy, Induced lactation, Relactation

Milk production can be "artificially" and intentionally obtained in the absence of pregnancy

in the woman. It is not necessary that the woman has ever been pregnant, and she can be well

in her post-menopausal period. Women who have never been pregnant are sometimes able to

induce enough lactation to breastfeed. This is called "induced lactation". Women who have

breastfed before can be able to re-start. This is called "relactation". This is how some

adoptive mothers, usually beginning with a supplemental nursing system or some other form

of supplementation, can breastfeed. There is thought to be little or no difference in milk

composition whether lactation is artificially induced or a result of pregnancy.[citation needed]

Lactation can be induced by physical stimulation and by drugs. In principle with considerable

patience and perseverance it is possible to induce lactation by sucking on the nipples alone.

The nipples may need to be consistently stimulated by a breast pump or actual suckling

(several times a day), and the breasts massaged and squeezed ("milked") to encourage flow of

any milk. Temporary use of galactagogue (milk-inducing) drugs is also effective;

galactagogue herbs may also be of use. Once established, lactation responds to demand. Also,

some couples may use lactation for sexual purposes.

Rare accounts of male lactation (as distinct from galactorrhea) exist in medical literature.

10. Food allergy

A food allergy is an adverse immune response to a food protein. Food allergy is distinct from

other adverse responses to food, such as food intolerance, pharmacologic reactions, and

toxin-mediated reactions.

food allergy pharmacologic toxins intolerance

adverse immune

response to a

food protein

caffeine tremors, cheese/wine

(tyramine) migraine, scombroid

(histamine) fish poisoning

bacterial food

poisoning,

staphylotoxin

lactose

intolerance

(lactase

deficiency)
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[Table 1]

The food protein triggering the allergic response is termed a food allergen. It is estimated that

up to 12 million Americans have food allergies, and the prevalence is rising. Six to eight

percent of children under the age of three have food allergies and nearly four percent of

adults have them. Food allergies cause roughly 30,000 emergency room visits and 100 to 200

deaths per year in the United States. The most common food allergies in adults are shellfish,

peanuts, tree nuts, fish, and eggs, and the most common food allergies in children are milk,

eggs, peanuts, and tree nuts.

Treatment consists of avoidance diets, in which the allergic person avoids all forms of the

food to which they are allergic. For people who are extremely sensitive, this may involve the

total avoidance of any exposure with the allergen, including touching or inhaling the

problematic food as well as touching any surfaces that may have come into contact with it.

Areas of research include anti-IgE antibody (omalizumab, or Xolair) and specific oral

tolerance induction (SOTI), which have shown some promise for treatment of certain food

allergies. Persons diagnosed with a food allergy may carry an autoinjector of epinephrine

such as an EpiPen or Twinject, wear some form of medical alert jewelry, or develop an

emergency action plan, in accordance with their doctor.

11. What is the difference between baby food allergies and digestive problems?

A digestive problem - or food intolerance - is not the same as a food allergy. An allergic

reaction is a response by the immune system. A baby with food intolerance would have

difficulties in digesting a certain type of food. This is caused by many things besides an

allergen. Your baby could be lacking an enzyme to a particular food, for example.

 Wheat allergy/intolerance and gluten intolerance

 Wheat alternatives for babies with wheat allergy/gluten intolerance

 Infant soy allergy

 Cow's milk allergy and lactose intolerance

 Egg allergy information

 Sesame allergy

 When to introduce corn to baby

 Eczema and baby food
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12. How are baby food allergies diagnosed?

A true baby food allergy can only be diagnosed by a medical professional, such as your

child's doctor or allergist. This is done by performing a skin prick test or blood test.

What symptoms should I be looking for?

When your baby digests foods and his intestine absorbs the nutrients, substances in the food

may trigger an allergic reaction. Sometimes the reaction is in the intestine. This can cause

your baby to experience cramps or diarrhea. Or the reaction could be in the skin, which can

lead to eczema. Other allergy symptoms include:

 Excess wind

 Nausea

 Vomiting

 Possible blood in stools

 Constipation

 Stuffy or runny nose

 Watery or red eyes

 Wheezing

[Table 2]

Also, be alert to the possibility of allergy-related ear infections. Allergies can cause

congestion in the Eustachian tubes that connect the nose and ear. Fluid then collects in the

middle ear, resulting in ear infections. Rarely, babies can experience a very serious reaction

known as allergic shock. This can cause welts on the skin, itching, lung spasms, or a sudden

drop in blood pressure. There is also the chance of serious swelling in the throat and tongue,

which can lead to choking. In this situation, you must seek medical help immediately. Once

again, if you feel your baby is showing any of these symptoms, or you have any concerns,

discuss your worries with your child's doctor.

13. Is my baby at risk?

All parents need to be alert to possible baby food allergies or digestive problems, but the risk

for some babies is higher ...
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14. Do you suffer from a food allergy yourself?

Experts have identified that there is a genetic link to food allergies. So if you have an allergy,

your baby is more likely to have one too, although not necessarily caused by the same

allergen. If you and your partner have allergies, then the risk is higher still.

15. Was your baby premature?

Studies in the U.S.have suggested that if you introduce solids to your premature baby in the

first17 weeks, then you may increase the chance of your baby developing eczema. It was

already felt that introducing solids before 4 months increased the risk of asthma and eczema

for all babies. But these new studies seem to show that the risk is higher for premature babies.

16. Was your child born by Caesarean section?

Babies born by C-section may, too, be at a higher risk of developing baby food allergies.

17. Is your baby under 6 months of age?

If so, then his immune and digestive systems are immature. Experts think that this makes him

more likely to suffer from baby food allergies, or digestive problems.

18. What can I do to protect my baby?

 Try to delay giving solids until your baby is 6 months old. His digestive and immune systems

will be stronger. This is particularly important if your baby is already at a higher risk of

developing baby food allergies (see above). (Are you under pressure from friends/family to

introduce solids earlier than this?

 Follow the four day rule as you introduce each new food. That way, if there is a particular

food that causes your baby problems, then you can quickly identify it.

 Avoid foods that are more likely to trigger allergic reactions.

 Discuss any concerns with your child's doctor.

19. Baby food allergies - will my child outgrow them?

Most young children do grow out of their allergies. But allergies to foods like nuts, fish and

shellfish are often lifelong. Your doctor will be able to give you more advice on this. If a food

has caused a digestive problem in your child, it could be because the food was introduced too

early. So it may be possible to re-introduce that food to your baby at a later date. Seek further

advice from your child's doctor. Baby food allergies affect around 8% of children. Although
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it's important to take the risk seriously, try to keep things in perspective. Introduce new foods

carefully and watch for any reactions. Then you can enjoy safely introducing your baby to the

wonderful world of food.

Topic : Nutrition Through The Life Cycle: Childhood And Adolescence

Topic Objective:

At the end of the topic student will be able to understand:

 Methods of preschool education

 Age and importance

 Developmental areas

 Preschooler

 Toddler

Definition/Overview:

The topic review that the toddlers grow more slowly than infants, but are far more active.

They require small, frequent, nutritious snacks and meals. Energy, fat, and protein

requirements are higher for toddlers than for infants. Until age two, toddlers should drink

whole milk rather than reduced-fat milk, and they are still at risk for choking and allergies.

Toddlers fed vegan diets may suffer from deficiencies. Preschoolers have a slower growth

rate than toddlers and may have a reduced appetite. They are also more physically active than

toddlers, and playing can sometimes interfere with eating adequate food. Preschoolers need

less fat than toddlers, but slightly more than adults. Protein and energy needs are higher for

preschoolers due to their larger size and higher activity levels. Constipation, dental caries,

and food insecurity are concerns for preschoolers. School-aged children are more

independent and can make more of their own food choices. Their physical growth is slow and

steady, and physical activity levels can vary dramatically between children. Their fat intake

should be 25 to 35% of their total energy intake and carbohydrate intake should be 45 to 65%

of total energy. Micronutrient needs increase because of growth and maturation. School

lunches are nutritious and must meet federal guidelines, but the foods that children choose to

eat can be high in fat, sugar, and energy, and low in nutrients. Peer pressure affects food
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choices and body image. Adolescents experience rapid increases in height, weight, and lean

body mass and fat mass, as well as psychosocial changes related to puberty. Energy needs for

adolescents are variable, fat intake should be 25 to 35% of total energy intake, and

carbohydrate intake should be 45 to 65% of total energy intake. Many adolescents replace

whole grains, fruits, and vegetables with fast foods and high fat/high energy snack foods,

placing these adolescents at risk for deficiencies for calcium, iron, and vitamin A. Calcium is

needed to optimize bone growth, and iron needs are increased because of increased muscle

mass in boys and menstruation in girls. Disordered eating behaviors, eating disorders,

personal appearance, cigarette smoking, and use of alcohol and illegal drugs are concerns for

adolescents. Overweight and obesity can begin to develop at any time from toddlerhood

through adolescence if energy intake exceeds energy spent in physical activity. Many factors

can affect or prevent childhood obesity.

Key Points:

1. Toddler

Toddler is a common term for a young child who is learning to walk. The toddling stage is

generally considered to be the stage of development between infancy and childhood.

Toddling usually begins between age 12 and 24 months. During the toddler stage, the child

learns a great deal about social roles and develops motor skills. To toddle is to walk

unsteadily; the term cruising is sometimes used for toddlers who cannot toddle but must hold

onto something while walking. This age is sometimes referred to as 'the terrible twos',

because of the temper tantrums for which they are famous. This stage can begin as early as

nine months old depending on the child and environment. The toddler is discovering that they

are a separate being from their parent and are testing their boundaries in learning the way the

world around them works. This time between the ages of two and five when they are reaching

for independence repeats itself during adolescence.

On average, a child begins walking around 12 months of age, although this can greatly vary

depending on the child's motivation, culture, and physical strength. Children who constantly

have adults bring them what they desire all the time are less likely to have the desire to walk.

The varying values and lifestyles of different cultures also commonly have an effect on the

age that walking is achieved.
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Talking is the next milestone of which parents are typically aware. A toddler's first word

most often occurs around 12 months, but again this is only an average. The child will then

continue to steadily add to his or her vocabulary until around the age of 18 months when

language increases rapidly. He or she may learn as many as 7-9 new words a day. Around

this time, toddlers generally know about 50 words. At 21 months is when toddlers begin to

incorporate two word phrases into their vocabulary, such as "I go", "mama give", and "baby

play". At this age, children are becoming very proficient at conveying their wants and needs

to their parents in a verbal fashion.

There are several other important milestones that are achieved in this time period that parents

tend to not emphasize as much as walking and talking. Gaining the ability to point at

whatever it is the child wants you to see shows huge psychological gains in a toddler. This

generally happens before a child's first birthday. Self-awareness is another milestone that

helps parents understand how a toddler is reacting. Around 18 months of age, a child will

begin to recognize himself or herself as a separate physical being with his/her own thoughts

and actions. A parent can test if this milestone has been reached by noticing if the toddler

recognizes that their reflection in a mirror is in fact themselves. One way to test this is to put

lipstick on the child's forehead and show them their own reflection. Upon seeing the out-of-

the-ordinary mark, if the child reaches to her own forehead, she has achieved this important

milestone. Along with self recognition comes feelings of embarassment and pride that the

child had not previously experienced.

Most children are toilet trained while they are toddlers. In most Western countries, toilet

training starts as early as 17 months for some, while others are not ready to begin toilet

training until they are three. Two important indicators of toilet training readiness are whether

a child understands the concept of using the toilet and whether they have any control over

excreting waste. This can be a frustrating time for parents. The parents who are willing to put

forward the most time and encouragement are the ones that succeed the quickest. Some

toddlers can learn this task in a week, while some take two or three months. The toddler

developmental timeline shows what an average toddler can do at what age. Times vary

greatly from child to child. It is common for some toddlers to master certain skills (such as

walking) well before other skills (like talking). Even close siblings can vary greatly in the

time taken to achieve each key milestone.
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2. Preschooler

Preschool education is the provision of education for children before the commencement of

statutory education, usually between the ages of two and five, dependent on the jurisdiction.

Preschool is also known as nursery school,day care or kindergarten. Preschool work is

organized within a framework that professional educators create. The framework includes

structural (administration, class size, teacher-child ratio, etc.), process (quality of classroom

environments, teacher-child interactions, etc), and alignment (standards, curriculum,

assessments) components that are associated with each individual unique child that has both

social and academic outcomes.

3. Developmental areas

The areas of development which preschool education covers varies from country to country.

However the following main themes are represented in the majority of systems.

 Personal, social and emotional development

 Communication, including talking and listening

 Knowledge and understanding of the world

 Creative and aesthetic development

 Physical development

 Mathematical awareness and development

Allowing preschool aged children to discover and explore freely within each of these areas of

development is the foundation for developmental learning. While the National Association

for the Education of Young Children has made tremendous strides in publicizing and

promoting the idea of developmentally appropriate practice, there is still much work to be

done. It is widely recognized that although many preschool educators are aware of the

guidelines for developmentally appropriate practice, putting this practice to work effectively

in the classroom is more challenging. The National Association for the Education of Young

Children(NAEYC) published that although 80% of Kindergarten classrooms claim to be

developmentally appropriate, only 20% actually are.
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4. Age and importance

Preschool is generally considered appropriate for children between three and five years of

age, between the toddler and school stages. During this stage of development, children learn

and assimilate information rapidly, and express interest and fascination in each new

discovery. Studies have proven that the most important years of learning are begun at birth. A

child's brain at this age is making connections that will last the rest of their life.

Universal preschool is an international movement that has made access to preschool available

to families in a similar way to compulsory elementary education. Various jurisdictions and

advocates have differing priorities for access, availability and funding sources.

5. Methods of preschool education

Some preschools have adopted specialized methods of teaching, such as Montessori,

Waldorf, Head Start, HighReach Learning, High Scope, The Creative Curriculum Reggio

Emilia approach,Bank Streetand various other pedagogies which contribute to the foundation

of education. In the United Statesmost preschool advocates support the National Association

for the Education of Young Children's Developmentally Appropriate Practices.

Topic : Nutrition Through The Life Cycle: The Later Years

Topic Objective:

At the end of the topic student will be able to understand:

 Measure of age

 Continuity Theory

 Activity Theory

 Disengagement Theory

 Non-biological theories

 Mitohormesis

 Free-Radical Theory
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 Cross-Linkage Theory

 Aging-Clock Theory

 Autoimmune Theory

 Accumulative-Waste Theory

 Evolutionary Theories

 Error Accumulation Theory

 Somatic Mutation Theory

 Wear-and-Tear theory

 Reproductive-Cell Cycle Theory

 Telomere Theory

 Biological theories

 Theories

 Terminology

 Emotional improvement

 Societal impact

 Retirement

 Self-rated health

 Religion

 Coping and well-being

 Cognitive effects

 Impact on Prisons

 Health care demand

 Economics and marketing

 Legal

 Society

 Cultural variations

 Dividing the lifespan

 Senescence

 Ageing

Definition/Overview:

The topic demonstrates that the U.S. population is aging at an unprecedented rate, including

minority elderly. The physiological changes of aging include sensory declines, loss of
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muscle, increased fat mass, decreased bone density, and impaired ability to absorb and

metabolize nutrients. Body organs lose functional capacity. These changes influence the

nutritional needs of older adults and their ability to consume a healthful diet. Genetic,

biochemical, and environmental factors contribute to senescence and acceleration of the

aging process. Older adults need less energy but slightly higher intakes of protein.

Micronutrients of concern for older adults include calcium, vitamin D, iron, zinc, vitamin

B12, vitamin B6, and folate. Older adults are at risk for chronic dehydration, so ample fluid

intake should be encouraged. Nutritional status influences risk for osteoporosis, dental health,

arthritis, cataracts and macular degeneration, GI distress, and age-related dementia; these

conditions, in turn, influence nutritional status. Food intake can alter the effectiveness of

medications and medications can affect nutritional status. Appropriate use of supplements can

enhance the nutritional status, but certain herbal and other nontraditional supplements can be

dangerous. Social issues affecting the nutrition of older adults include elder abuse and

neglect, food insecurity, and social isolation. Demands on the medical and social service

communities increase as the population ages and diversifies. Several healthcare, government,

and community programs help older adults in need. As older adults face end-of-life decisions,

healthcare providers must be ready to assist them and their families with difficult decisions

related to the provision of food and fluid.

Key Points:

1. Ageing

Ageing or aging (American English) is the accumulation of changes in an organism or object

over time. Aging in humans refers to a multidimensional process of physical, psychological,

and social change. Some dimensions of aging grow and expand over time, while others

decline. Reaction time, for example, may slow with age, while knowledge of world events

and wisdom may expand. Research shows that even late in life potential exists for physical,

mental, and social growth and development. Aging is an important part of all human societies

reflecting the biological changes that occur, but also reflecting cultural and societal

conventions. Age is usually measured in full years and months for young children. A person's

birthday is often an important event. The term "ageing" is somewhat ambiguous. Distinctions

may be made between "universal ageing" (age changes that all people share) and

"probabilistic ageing" (age changes that may happen to some, but not all people as they grow

older, such as the onset of Type Two diabetes). Chronological ageing, referring to how old a
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person is, is arguably the most straightforward definition of ageing and may be distinguished

from "social ageing" (society's expectations of how people should act as they grow older) and

"biological ageing" (an organism's physical state as it ages). There is also a distinction

between "proximal ageing" (age-based effects that come about because of factors in the

recent past) and "distal ageing" (age-based differences that can be traced back to a cause early

in person's life, such as childhood poliomyelitis).

Differences are sometimes made between populations of children. Divisions are sometimes

made between the young old (65-74), the middle old (75-84) and the oldest old (those aged

85 and above). However, problematic in this is that chronological age does not correlate

perfectly with functional age, i.e. two people may be of the same age, but differ in their

mental and physical capacities. Each nation, government and non-government organization

has different ways of classifying age. Population ageing is the increase in the number and

proportion of older people in society. Population ageing has three possible causes: migration,

longer life expectancy (decreased death rate), and decreased birth rate. Ageing has a

significant impact on society. Young people tend to commit most crimes, they are more likely

to push for political and social change, to develop and adopt new technologies, and to need

education. Older people have different requirements from society and government as opposed

to young people, and frequently differing values as well. Older people are also far more likely

to vote, and in many countries the young are forbidden from voting. Thus, the aged have

comparatively more political influence.

2. Senescence

In biology, senescence is the state or process of aging. Cellular senescence is a phenomenon

where isolated cells demonstrate a limited ability to divide in culture. While Organismal

senescence is the aging of organisms. After a period of near perfect renewal (in humans,

between 20 and 35 years of age), organismal senescence is characterized by the declining

ability to respond to stress, increasing homeostatic imbalance and increased risk of disease.

This irreversible series of changes inevitably ends in death. Some researchers (specifically

biogerontologists) are treating aging as a disease. As genes that have an effect on aging are

discovered, aging is increasingly being regarded in a similar fashion to other genetic

conditions, potentially "treatable."
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Indeed, aging is not an unavoidable property of life. Instead, it is the result of a genetic

program. Numerous species show very low signs of aging ("negligible senescence'), the best

known being trees like the bristlecone pine (however Dr. Hayflick states that the bristlecone

pine has no cells older than 30 years), fish like the sturgeon and the rockfish, invertebrates

like the quahog or sea anemone .

In humans and other animals, cellular senescence has been attributed to the shortening of

telomeres with each cell cycle; when telomeres become too short, the cells die. The length of

telomeres is therefore the "molecular clock," predicted by Hayflick. Telomere length is

maintained in immortal cells (e.g. germ cells and keratinocyte stem cells, but not other skin

cell types) by the enzyme telomerase. In the laboratory, mortal cell lines can be immortalized

by the activation of their telomerase gene, present in all cells but active in few cell types.

Cancerous cells must become immortal to multiply without limit. This important step towards

carcinogenesis implies, in 85% of cancers, the reactivation of their telomerase gene by

mutation. Since this mutation is rare, the telomere "clock" can be seen as a protective

mechanism against cancer . Research has shown that the clock must be located in the nucleus

of each cell and there have been reports that the longevity clock might be located in genes on

either the first or fourth chromosome of the twenty-three pairs of human chromosomes. Other

genes are known to affect the aging process, the sirtuin family of genes have been shown to

have a significant effect on the lifespan of yeast and nematodes. Over-expression of the

RAS2 gene increases lifespan in yeast substantially. In addition to genetic ties to lifespan,

diet has been shown to substantially affect lifespan in many animals. Specifically, caloric

restriction (that is, restricting calories to 30-50% less than an ad libitum animal would

consume, while still maintaining proper nutrient intake), has been shown to increase lifespan

in mice up to 50%. Caloric restriction works on many other species beyond mice (including

species as diverse as yeast and Drosophila), and appears (though the data is not conclusive) to

increase lifespan in primates according to a study done on Rhesus monkeys at the National

Institute of Health (US), although the increase in lifespan is only notable if the caloric

restriction is started early in life. Since, at the molecular level, age is counted not as time but

as the number of cell doublings, this effect of calorie reduction could be mediated by the

slowing of cellular growth and, therefore, the lengthening of the time between cell divisions.

Drug companies are currently searching for ways to mimic the lifespan-extending effects of

caloric restriction without having to severely reduce food consumption.
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In his book, 'How and Why We Age', Dr. Hayflick notes a contradiction to the caloric

restriction longevity increase theory for humans, noting that data from the Baltimore

Longitudinal Study of Aging show that being thin does not favor longevity.

3. Dividing the lifespan

A human life is often divided into various ages. Historically, the lifespan of people are

divided into seven ages; because biological changes are slow moving and vary from person to

person, arbitrary dates are usually set to mark periods of human life. In some cultures the

divisions given below are quite varied.

In the USA, adulthood legally begins at the age of eighteen or nineteen, while old age is

considered to begin at the age of legal retirement (approximately 65).

 Pre-conception: ovum, spermatozoon

 Conception: fertilization

 Pre-birth: conception to birth (pregnancy)

 Infancy: Birth to 1

 Childhood: 1 to 12

 Adolescence: 13 to 19

 Early adulthood: 20 to 39

 Middle adulthood: 40 to 64

 Late adulthood: 65+

 Death

 Post-Death: Decomposition

Ages can also be divided by decade:

 Denarian: someone between 10 and 19 years old

 Vicenarian: someone between 20 and 29 years old

 Tricenarian: someone between 30 and 39 years old

 Quadragenarian: someone between 40 and 49 years old

 Quinquagenarian: someone between 50 and 59 years old

 Sexagenarian: someone between 60 and 69 years old

 Septuagenarian: someone between 70 and 79 years old
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 Octogenarian: someone between 80 and 89 years old

 Nonagenarian: someone between 90 and 99 years old

 Centenarian: someone between 100 and 109 years old

 Supercentenarian: someone 110 years old and over

People from 13 to 19 years of age are also known as teens and the casual terms

"twentysomethings" and "thirtysomethings", etc., are also in use to describe people by

decade.

4. Cultural variations

In some cultures (for example Serbian and Russian) there are two ways to express age: by

counting years with or without including current year. For example, it could be said about the

same person that he is twenty years old or that he is in the twenty-first year of his life. In

Russian the former expression is generally used, the latter one has restricted usage: it is used

for age of a deceased person in obituaries and for the age of a child when it is desired to show

him/her older than he/she is. (Psychologically, a boy in his 4th year seems older than one who

is 3 years old.)

5. Society

Considerable numbers of cultures have less of a problem with age compared with what has

been described above, and it is seen as an important status to reach stages in life, rather than

defined numerical ages. Advanced age is given more respect and status.

East Asian age reckoning is different from that found in Western culture. Traditional Chinese

culture uses a different aging method, called Xusui (虛歲)with respect to common aging

which is called Zhousui (周歲). In the Xusui method, people are born at age 1, not age 0.

6. Legal

There are variations in many countries as to what age a person legally becomes an adult.

Most legal systems define a specific age for when an individual is allowed or obliged to do

something. These ages include voting age, drinking age, age of consent, age of majority, age
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of criminal responsibility, marriageable age, age where one can hold public office, and

mandatory retirement age. Admission to a movie for instance, may depend on age according

to a motion picture rating system. A bus fare might be discounted for the young or old.

Similarly in many countries in jurisprudence, the defense of infancy is a form of defense by

which a defendant argues that, at the time a law was broken, they were not liable for their

actions, and thus should not be held liable for a crime. Many courts recognize that defendants

who are considered to be juveniles may avoid criminal prosecution on account of their age,

and in borderline cases the age of the offender is often held to be a mitigating circumstance.

7. Economics and marketing

The economics of aging are also of great importance. Children and teenagers have little

money of their own, but most of it is available for buying consumer goods. They also have

considerable impact on how their parents spend money.

Young adults are an even more valuable cohort. They often have jobs with few

responsibilities such as a mortgage or children. They do not yet have set buying habits and

are more open to new products.

The young are thus the central target of marketers. Television is programmed to attract the

range of 15 to 35 year olds. Mainstream movies are also built around appealing to the young.

8. Health care demand

Many societies in the rich world, e.g. Western Europe and Japan, have aging populations.

While the effects on society are complex, there is a concern about the impact on health care

demand. The large number of suggestions in the literature for specific interventions to cope

with the expected increase in demand for long-term care in aging societies can be organized

under four headings: improve system performance; redesign service delivery; support

informal caregivers; and shift demographic parameters.

However, the annual growth in national health spending is not mainly due to increasing

demand from aging populations, but rather has been driven by rising incomes, costly new

medical technology, a shortage of health care workers and informational asymmetries

between providers and patients.
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Even so, it has been estimated that population aging only explains 0.2 percentage points of

the annual growth rate in medical spending of 4.3 percent since 1970. In addition, certain

reforms to Medicare decreased elderly spending on home health care by 12.5 percent per year

between 1996 and 2000. This would suggest that the impact of aging populations on health

care costs is not inevitable.

9. Impact on Prisons

As of July 2007, medical costs for a typical inmate might run an agency around $33 per day,

while costs for an aging inmate could run upwards of $100. Most DOCs report spending

more than 10 percent of the annual budget on elderly care. That is expected to rise over the

next 10-20 years. Some states have talked about releasing aging inmates early.

10. Cognitive effects

Steady decline in many cognitive processes are seen across the lifespan, starting in one's

thirties. Research has focused in particular on memory and aging, and has found decline in

many types of memory with aging, but not in semantic memory or general knowledge such as

vocabulary definitions, which typically increases or remains steady. Early studies on changes

in cognition with age generally found declines in intelligence in the elderly, but studies were

cross-sectional rather than longitudinal and thus results may be an artefact of cohort rather

than a true example of decline. Intelligence may decline with age, though the rate may vary

depending on the type, and may in fact remain steady throughout most of the lifespan,

dropping suddenly only as people near the end of their lives. Individual variations in rate of

cognitive decline may therefore be explained in terms of people having different lengths of

life.

11. Coping and well-being

Psychologists have examined coping skills in the elderly. Various factors, such as social

support, religion and spirituality, active engagement with life and having an internal locus of

control have been proposed as being beneficial in helping people to cope with stressful life

events in later life. Social support and personal control are possibly the two most important

factors that predict well-being, morbidity and mortality in adults. Other factors that may link
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to well-being and quality of life in the elderly include social relationships (possibly

relationships with pets as well as humans), and health.

Individuals in different wings in the same retirement home have demonstrated a lower risk of

mortality and higher alertness and self-rated health in the wing where residents had greater

control over their environment, though personal control may have less impact on specific

measures of health. Social control, perceptions of how much influence one has over one's

social relationships, shows support as a moderator variable for the relationship between social

support and perceived health in the elderly, and may positively influence coping in the

elderly.

12. Religion

Religion has been an important factor used by the elderly in coping with the demands of later

life, and appears more often than other forms of coping later in life. Religious commitment

may also be associated with reduced mortality,though religiosity is a multidimensional

variable; while participation in religious activities in the sense of participation in formal and

organized rituals may decline, it may become a more informal, but still important aspect of

life such as through personal or private prayer.

13. Self-rated health

Self-ratings of health, the beliefs in one's own health as excellent, fair or poor, has been

correlated with well-being and mortality in the elderly; positive ratings are linked to high

well-being and reduced mortality. Various reasons have been proposed for this association;

people who are objectively healthy may naturally rate their health better than that of their ill

counterparts, though this link has been observed even in studies which have controlled for

socioeconomic status, psychological functioning and health status. This finding is generally

stronger for men than women, though the pattern between genders is not universal across all

studies, and some results suggest sex-based differences only appear in certain age groups, for

certain causes of mortality and within a specific sub-set of self-ratings of health.

14. Retirement

Retirement, a common transition faced by the elderly, may have both positive and negative

consequences.
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15. Societal impact

Societal aging refers to the demographic aging of populations and societies. Cultural

differences in attitudes to aging have been studied.[citation needed]

16. Emotional improvement

Given the physical and cognitive declines seen in aging, a surprising finding is that emotional

experience improves with age.Older adults are better at regulating their emotions and

experience negative affect less frequently than younger adults and show a positivity effect in

their attention and memory.The emotional improvements show up in longitudinal studiesas

well as in cross-sectional studies and so cannot be entirely due to only the happier individuals

surviving.

17. Terminology

The concept of successful aging can be traced back to the 1950s, and popularised in the

1980s. Previous research into aging exaggerated the extent to which health disabilities, such

as diabetes or osteoporosis, could be attributed exclusively to age, and research in

gerontology exaggerated the homogeneity of samples of elderly people.

Successful aging consists of three components:

 Low probability of disease or disability;

 High cognitive and physical function capacity;

 Active engagement with life.

18. Theories

A greater number of people self-report successful aging than those that strictly meet these

criteria. Successful aging may be viewed an interdisciplinary concept, spanning both

psychology and sociology, where it is seen as the transaction between society and individuals

across the life span with specific focus on the later years of life. The terms "healthy aging"

"optimal aging" have been proposed as alternatives to successful aging.

Six suggested dimensions of successful aging include:
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 No physical disability over the age of 75 as rated by a physician;

 Good subjective health assessment (i.e. good self-ratings of one's health);

 Length of undisabled life;

 Good mental health;

 Objective social support;

 Self-rated life satisfaction in eight domains, namely marriage, income-related work, children,

friendship and social contacts, hobbies, community service activities, religion and

recreation/sports

19. Biological theories

At present, the biological basis of aging is unknown. Most scientists agree that substantial

variability exists in the rates of aging across different species, and that this to a large extent is

genetically based. In model organisms and laboratory settings, researchers have been able to

demonstrate that selected alterations in specific genes can extend lifespan (quite substantially

in nematodes, less so in fruit flies, and even less in mice). Nevertheless, even in the relatively

simple organisms, the mechanism of aging remain to be elucidated. Because the lifespan of

even the simple lab mouse is around 3 years, very few experiments directly test specific aging

theories (most of the evidence for the ones listed below is correlative).

The National Institute on Aging currently funds an intervention testing program, whereby

investigators nominate compounds (based on specific molecular aging theories) to have

evaluated with respect to their effects on lifespan and age-related biomarkers in outbred mice

. Previous age-related testing in mammals has proved largely irreproducible, because of small

numbers of animals, and lax mouse husbandry conditions. The intervention testing program

aims to address this by conducting parrallele experiments at three internationally recognized

mouse aging-centers, the Barshop Institute at UTHSCSA, the Universityof Michigan at Ann

Arbor and the Jackson Lab. While the hypotheses below reflect some of the current direction

in biological aging research, none of them is accepted as a "theory" in the sense of the "theory

of gravity" or "theory of relativity".

20. Telomere Theory

Telomeres (structures at the ends of chromosomes) have experimentally been shown to

shorten with each successive cell division. Shortened telomeres activate a mechanism that
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prevents further cell multiplication. This may be an important mechanism of aging in tissues

like bone marrow and the arterial lining where active cell division is necessary. Importantly

though, mice lacking telomerase do not show a dramatically reduced lifespan, as the simplest

version of this theory would predict.

21. Reproductive-Cell Cycle Theory

The idea that aging is regulated by reproductive hormones that act in an antagonistic

pleiotropic manner via cell cycle signaling, promoting growth and development early in life

in order to achieve reproduction, but later in life, in a futile attempt to maintain reproduction,

become dysregulated and drive senescence (dyosis). At the same time, castrated animals,

although living somewhat longer, still experience senescence, even in the absence of

reproductive hormones.

22. Wear-and-Tear theory

The very general idea that changes associated with aging are the result of chance damage that

accumulates over time.

23. Somatic Mutation Theory

The biological theory that aging results from damage to the genetic integrity of the bodys

cells.

24. Error Accumulation Theory

The idea that aging results from chance events that escape proof reading mechanisms, which

gradually damages the genetic code.

25. Evolutionary Theories

See Theories of aging in Senescence. These are by far the most theoretical; however, their

usefulness is somewhat limited as they do not provide readily testable biochemically based

interventions.
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26. Accumulative-Waste Theory

The biological theory of aging that points to a buildup of cells of waste products that

presumably interferes with metabolism.

27. Autoimmune Theory

The idea that aging results from an increase in autoantibodies that attack the body's tissues. A

number of diseases associated with aging, such as atrophic gastritis and Hashimoto's

thyroiditis, are probably autoimmune in this way. While inflammation is very much evident

in old mammals, even SCID mice in SPF colonies still senescence.

28. Aging-Clock Theory

The theory that aging results from a preprogrammed sequence, as in a clock, built into the

operation of the nervous or endocrine system of the body. In rapidly dividing cells the

shortening of the telomeres would provide just such a clock. This idea is indirect

contradiction with the Evolutionary Based Theory of Aging.

29. Cross-Linkage Theory

The idea that aging results from accumulation of cross-linked compounds that interfere with

normal cell function.

30. Free-Radical Theory

The idea that free radicals (unstable and highly reactive organic molecules, also named

reactive oxygen species or oxidative stress) create damage that gives rise to symptoms we

recognize as aging.

31. Mitohormesis

It has been known since the 1930s that restricting calories while maintaining adequate

amounts of other nutrients prevents aging across a broad range of organism. Recently,

Michael Ristow has shown that this delay of aging is due to increased formation of free

radicals within the mitochondria causing a secondary induction of increased antioxidant

defence capacity.
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32. Non-biological theories

There are also data which query whether, as activity theory implies, greater social activity is

linked with well-being in adulthood.

Selectivity Theory - mediates between Activity and Disengagement Theory, which suggests

that it may benefit older people to become more active in some aspects of their lives, more

disengaged in others.

33. Disengagement Theory

This is the idea that separation of older people from active roles in society is normal and

appropriate, and benefits both society and older individuals. Disengagement theory, first

proposed by Cumming and Henry, has received considerable attention in gerontology, but has

been much criticised. The original data on which Cumming and Henry based the theory were

from a rather small sample of older adults in Kansas City, and from this select sample

Cumming and Henry then took disengagement to be a universal theory. There are research

data suggesting that the elderly who do become detached from society as those were initially

reclusive individuals, and such disengagement is not purely a response to aging.

34. Activity Theory

 In contrast to disengagement theory, this theory implies that the more active elderly people

are, the more likely they are to be satisfied with life. The view that elderly adults should

maintain well-being by keeping active has had a considerable history, and since 1972, this

has become to be known as activity theory. However, this theory may be just as inappropriate

as disengagement for some people as the current paradigm on the psychology of aging is that

both disengagement theory and activity theory may be optimal for certain people in old age,

depending on both circumstances and personality traits of the individual concerned.

35. Continuity Theory

The view that in aging people are inclined to maintain, as much as they can, the same habits,

personalities, and styles of life that they have developed in earlier years. Continuity theory is
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Atchley's theory that individuals, in later life, make adaptations to enable them to gain a sense

of continuity between the past and the present, and the theory implies that this sense of

continuity helps to contribute to well-being in later life. Disengagement theory, activity

theory and continuity theory are social theories about ageing, though all may be products of

their era rather than a valid, universal theory.

36. Measure of age

The age of an adult human is commonly measured in whole years since the day of birth.

Fractional years or months or even weeks may be used to describe the age of children and

infants for finer resolution. The time of day the birth occurred is not commonly considered.

The measure of age has historically varied from this approach in some cultures. For example,

in China and Japan, children were considered to be one year old at the moment of birth and

two years old on the following Near Year's day. Thus, a child could be considered two years

old several days after birth. Age in prenatal development is normally measured in gestational

age, taking the last menstruation of the woman as a point of beginning. Alternatively,

fertilization age, beginning from fertilization can be taken.

Topic : Global Nutrition

Topic Objective:

At the end of the topic student will be able to understand:

 Malnutrition

 Causes of Malnutrition

 Sociopolitical

 South Asia

 Effects

 Mortality due to malnutrition

 Biological effects

 Responses to malnutrition

 Statistics

 Climate Change and Malnutrition

www.bsscommunitycollege.in   www.bssnewgeneration.in  www.bsslifeskillscollege.in

172
www.onlineeducation.bharatsevaksamaj.net        www.bssskillmission.in

WWW.BSSVE.IN



Definition/Overview:

The topic reviews the three types of malnutrition (undernutrition, nutrient deficiency, and

overnutrition) are significant and unique global problems. Undernutrition is inadequate

consumption of energy leading to wasting and stunting. Nutrient deficiency occurs when

dietary intake of one or more essential nutrients is insufficient and nutrient toxicity occurs

with dietary excess. Overnutrition results from excess consumption, is a greater problem in

developed and transitioning countries, and is associated with a global rise in chronic diseases.

Malnutrition underlies high infant mortality rates, poor childhood growth, and diminished

work capacity in adults. Undernutrition and micronutrient deficiencies contribute to 60% of

childhood deaths, the majority in developing countries, and decreased resistance to infection

at all ages. Fetal malnutrition is associated with increased risk of chronic diseases when

undernutrition is relieved during childhood and young adulthood. Prevalence of obesity is

increasing worldwide. Chronic diseases are the leading cause of death and a growing

economic burden worldwide. Overpopulation, poor farming practices, use of agricultural land

for cash crops, lack of infrastructure, disease, and unequal distribution of limited food

supplies can result in food shortages. Because the current global food supply is adequate for

the current population, food insecurity is largely a problem of unequal distribution. The major

micronutrient deficiencies are iron, iodine, zinc, and vitamin A. Overconsumption of energy

leading to obesity is also associated with micronutrient deficiencies because selected foods

are often energy-rich and nutrient-poor. The nutrition paradox is characterized by the

coexistence of underweight and obesity in the same region and even in the same family.

Poverty exacerbates overnutrition because less expensive foods are energy-dense. Food aid is

still an important response to acute food shortages. The GOBI initiative of UNICEF was

successful in combating common infections of childhood by a campaign to encourage growth

monitoring, oral rehydration therapy, breast-feeding, and immunizations. The Green

Revolution, sustainable agriculture, and biotechnology are controversial programs with a

common goal of increasing the world food supply in a sustainable manner.

Key Points:

1. Malnutrition

Malnutrition is a general term for a medical condition caused by an improper or inadequate

diet and nutrition. According to the World Health Organization, hunger and malnutrition are
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the single gravest threats to the world's public health and malnutrition is by far the biggest

contributor to child mortality, present in half of all cases. In addition to infant mortality risks,

lifelong malnutrition can begin in utero and is typically associated with the mother's stature

(associated with her childhood nutritional status), her nutritional status prior to conception,

and diarrheal disease, intestinal parasites, and/or respiratory infection status. Multiple studies

have shown that nutritional status of adults is substantially influenced by their nutritional

experience from conception through early childhood. Even if individuals have had adequate

nutrition from childhood on, their health outcomes are still impacted.

2. Sociopolitical

In the late eighteenth and early nineteenth century, the English economist Thomas Malthus

noted how increases in food production were likely to occur along a slow arithmetic

progression due to the law of diminishing returns while population growth follows much

faster, geometric progressions. His theory argued that this lag in productivity caused food

shortages, that it would lead to famines worldwide as humans surpassed the carrying capacity

of the land, and that it would create checks on socio-cultural systems in the forms of poverty

and misery as humans would earn and live off of just enough to subsist and survive. This

Malthusian argument has long since been refuted on several grounds but has none the less

served as a backdrop for understanding of the causes of malnutrition. The actual causes of

malnutrition can be varied and complex and are difficult to encapsulate in a single theory.

Certainly, as Malthus suggests, lack of agricultural productivity combined with increases in

population can cause and are often correlated to malnutrition.Over-cultivation, overgrazing,

and deforestation lead to desertification or otherwise impoverished soils that can not support

crops or cattle for M.B.K. "Desertification: Its Human Costs" Forum for Applied Research

and Policy. 11:12-17.</ref> but this scenario only accounts for malnutrition in certain,

specific instances and does not consider larger social issues such as the influence of political

inequality. Further, malnutrition can stem from impacts of natural disasters, from the results

of conflict and war, as an impact of the HIV/AIDS pandemic and Tara F. Duebel "Persistent

Hunger: Perspectives on Vulnerability, Famine, and Food Security in Sub-Saharan Africa"

Annual Anthropological Review. as a consequence of other health issues such as diarrheal

disease or chronic illness from lack of education regarding proper nutrition, or from countless

other potential factors.
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Various scales of analysis also have to be considered in order to determine the sociopolitical

causes of malnutrition. For example, the population of a community may be at risk if it lacks

health-related services, but on a smaller scale certain households or individuals may be at

even higher risk due to differences in income levels, access to land, or levels of education .

Also within the household, there may be differences in levels of malnutrition between men

and women, and these differences have been shown to vary significantly from one region to

another with problem areas showing relative deprivation of women . Children and the elderly

tend to be especially susceptible. Approximately 27 percent of children under 5 in developing

world are malnourished, and in these developing countries, malnutrition claims about half of

the 10 million deaths each year of children under 5. Often the consequences of malnutrition

exacerbate its causes and form a vicious downward spiral. For example, in cases of

malnourishment, lack of sufficient nutrients can weaken the immune system and invite

infectious disease , and by compromising digestive function, many of these diseases can

intensify malnutrition. In communities or areas that lack access to safe drinking water, these

additional health risks present a critical problem. Lower energy and impaired function of the

brain also represent the downward spiral of malnutrition as victims are less able to perform

the tasks they need to in order to acquire food, earn an income, or gain an education.

Since the time of Malthus, various new theories and approaches have developed for

understanding the truly complex mechanisms and underlying causes of malnutrition. Most

famous among recent theorists is the Indian economist and philosopher Amartya Senwhose

breakthrough 1981 book Poverty and Famines: An Essay on Entitlement and Deprivation

went beyond the Malthusian argument that lack of food production led to hunger and

demonstrated that malnutrition and famine were more related to problems of food distribution

A persons entitlements, according to Sen, are commodity bundles that a person in society can

command using the totality of rights and opportunities that he or she faces, (p.8) and famine

can then be described as a collapse of entitlements for a certain segment of society and the

failure of the state to protect those entitlements.[citation needed]

3. South Asia

According to the Global Hunger Index, South Asia has the highest child malnutrition rate of

world's regions. India contributes to about 5.6 million child deaths every year, more than half

the world's total. The 2006 report mentioned that "the low status of women in South Asian

countries and their lack of nutritional knowledge are important determinants of high
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prevalence of underweight children in the region" and was concerned that South Asia has

"inadequate feeding and caring practices for young children".

Half of children in India are underweight, one of the highest rates in the world and nearly

double the rate of Sub-Saharan Africa.

4. Mortality due to malnutrition

 1 person dies every second as a result of hunger - 4000 every hour - 100 000 each day - 36

million each year - 58 % of all deaths (2001-2004 estimates).

 1 child dies every 5 seconds as a result of hunger - 700 every hour - 16 000 each day - 6

million each year - 60% of all child deaths (2002-2008 estimates).

According to the World Health Organization, hunger is the gravest single threat to the world's

public health. According to Jean Ziegler (the United Nations Special Rapporteur on the Right

to Food for 2000 to March 2008), mortality due to malnutrition accounted for 58% of the

total mortality in 2006: "In the world, approximately 62 millions people, all causes of death

combined, die each year. One in twelve people worldwide are malnourished. In 2006, more

than 36 millions died of hunger or diseases due to deficiencies in micronutrients". The World

Health Organization estimates that one-third of the world is well-fed, one-third is under-fed

and one-third is starving. Hunger and malnutrition have an even bigger impact on childrens

health than was previously thought. According to the World Health Organization,

malnutrition is by far the biggest contributor to child mortality, present in half of all cases.

Underweight births and inter-uterine growth restrictions cause 2.2 million child deaths a year.

Poor or non-existent breastfeeding causes another 1.4 million. Other deficiencies, such as

lack of vitamin A or zinc, for example, account for 1 million. According to The Lancet,

malnutrition in the first two years is irreversible. Malnourished children grow up with worse

health and lower educational achievements. Their own children also tend to be smaller.

Hunger was previously seen as something that exacerbates the problems of diseases such as

measles, pneumonia and diarrhea. But malnutrition actually causes diseases as well, and can

be fatal in its own right. This is the impact The Lancet seeks to identify. Children are not only

affected by the consequences of malnourishment, but the societies they live in suffer as well.

Both severe and moderate cases of malnutrition have a significant impact on the outcomes

children face for the remainder of their lives and are also a cause of severe illnesses leading

to growth retardation both physical and mental, and possibly death. The risk of death is not
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limited to only those who suffer from severe forms of malnutrition, though the risk of death is

higher among severely malnourished children. Considering the elevated risks of mortality

among children that are associated with moderate forms of malnutrition, combined with a

high prevalence worldwide, it would seem more appropriate to distinguish that the deaths of

children as a result of malnourishment is attributable to moderate, rather than severe

conditions of malnutrition. Another factor that largely keeps malnutrition from being properly

treated is a lack of education in many developing countries. This lack of education allows

cultures of superstitions to persist. For example, in some cases in China, breast-feeding

started at a very late stage. As such, there is an increasing wide effort to implement an access

for education about proper feeding methods.

5. Biological effects

An extended period of malnutrition can result in starvation or deficiency diseases such as

scurvy. Malnutrition increases the risk of infection and infectious disease; for example, it is a

major risk factor in the onset of active tuberculosis.

Malnutrition appears to increase activity and movement in many animals - for example an

experiment on spiders showed increased activity and predation in starved spiders, resulting in

larger weight gain. This pattern is seen in many animals, including humans while sleeping. It

even occurs in rats with their cerebral cortex or stomachs completely removed. Increased

activity on hamster wheels occurred when rats were deprived not only of food, but also water

or B vitamins such as thiamine This response may increase the animal's chance of finding

food, though it has also been speculated the emigration response relieves pressure on the

home population.

6. Responses to malnutrition

Societal responses to malnutrition vary depending upon which factor one subscribes to as the

primary cause of hunger and malnutrition. While most responses are targeted to address

undernutrition, there are several that also respond to overnutrition.

If the principal cause of malnutrition is that humans have populated the earth (or a specific

geographic region) beyond its carrying capacity, then a restricted population size is the

solution. This is an argument that is espoused by people of both liberal and conservative
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persuasions. In the late 1700s, Thomas Malthus originally argued that nothing could be done

as only natural disasters could check population growth, but he later included the possibility

of voluntary limits through moral restraint.1 More recently, Robert Chapman suggests that an

intervention through government policies is a necessary ingredient of curtailing global

population growth. Garret Hardin takes an anti-immigration, isolationist approach arguing

that all sovereign states must accept the responsibility of solving their population problems in

their own territories. Hardin also asserts that immigration acts as a sort of pressure release

valve which allows countries to continue to ignore solving their population problems. Others,

Amartya Sen among them, argue that other social and economic factors, such as declining

wages, unemployment, rising food prices, and poor food-distribution systems, rather than

population numbers per se, lead to malnutrition and in severe cases famine. For Sen, no

matter how a famine is caused, methods of breaking it call for a large supply of food in the

public distribution system. This applies not only to organizing rationing and control, but also

to undertaking work programmes and other methods of increasing purchasing power for those

hit by shifts in exchange entitlements in a general inflationary situation. One suggested policy

framework to resolve access issues is termed food sovereignty, the right of peoples to define

their own food, agriculture, livestock, and fisheries systems in contrast to having food largely

subjected to international market forces. Food First is one of the primary think tanks working

to build support for food sovereignty.

One policy adopted in recent decades to alleviate world malnutrition is direct humanitarian

aid in the form of food. For the rich donor countries, this is a way to reduce domestic excess

supply created by domestic agricultural subsidies, stabilizing farm prices in rich countries,

even if the cost of supplying the food to its final beneficiaries is high. Food aid may be

provided for short-term emergencies (natural disasters or human-made like war) or in the

form of a long-term program for an extended period. For recipient countries, emergency food

aid is welcome, though aid in cash may also be welcome because the food may often be

purchased locally in zones not affected by the emergency, thus benefitting local farmers.

Long-term foreign food aid has been criticized as discouraging local production and

distorting markets. Neoliberals advocate for an increasing role of the free market. The World

Bank itself claims to be part of the solution to malnutrition, asserting that the best way for

countries to succeed in breaking the cycle of poverty and malnutrition is to build export-led

economies that will give them the financial means to buy foodstuffs on the world market.
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There are several different technical approaches in combating under-nutrition including

nutritional education and medical nutrition which consists of micro-nutrient supplementation,

immunizations and food fortifications. Nutritional education is a preventative measure that

focuses on raising awareness on what foods are necessary for the body to gain the nutrients

needed to function. In recent years many foods, such as Spirulina and peanut butter, have

been developed or refined for mass-production in hopes of combating malnutrition and its

effects. Foodstuffs are usually selected that allow the supplementing of the required daily

2000kcal, as well as the requirements in proten and other micro-nutrients. These allow the

curing of protein-energy malnutrition. See IIMSAM and Plumpy'nut for more on these

efforts.

7. Statistics

There were 923 million hungry people in the world in 2007, an increase of 80 million since

1990, despite the fact that the world already produces enough food to feed everyone - 6

billion people - and could feed the double - 12 billion people.

Percentage of population affected by undernutrition by country, according to United Nations

statistics. Number of undernourished people (million) in 2001-2003, according to the FAO,

the following countries had 5 million or more undernourished people :

Country Number of Undernourished (million)

India 217.05

China 154.0

Bangladesh 43.45

Democratic Republic of Congo 37.0

Pakistan 35.2

Ethiopia 31.5
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Tanzania 16.1

Philippines 15.2

Brazil 14.4

Indonesia 13.8

Vietnam 13.8

Thailand 13.4

Nigeria 11.5

Kenya 9.7

Sudan 8.8

Mozambique 8.3

North Korea 7.9

Yemen 7.1

Madagascar 7.1

Colombia 5.9

Zimbabwe 5.7

Mexico 5.1

Zambia 5.1

Angola 5.0

[Table 1]

Note: This table measures "undernourishment", as defined by FAO, and represents the

number of people consuming (on average for years 2001 to 2003) less than the minimum

amount of food energy (measured in kilocalories per capita per day) necessary for the average

person to stay in good health while performing light physical activity. It is a conservative

indicator that does not take into account the extra needs of people performing extraneous

physical activity, nor seasonal variations in food consumption or other sources of variability

such as inter-individual differences in energy requirements.

Malnutrition and undernourishment are cumulative or average situations, and not the work of

a single day's food intake (or lack thereof). This table does not represent the number of

people who "went to bed hungry today." The U.S. Department of Agriculture reported that in

2003, only 1 out of 200 U.S. households with children became so severely food insecure that

any of the children went hungry even once during the year. A substantially larger proportion
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of these same households (3.8 percent) had adult members who were hungry at least one day

during the year because of their households' inability to afford enough food.

8. Climate Change and Malnutrition

With 95% of all malnourished peoples living in the relatively stable climate region of the

sub-tropics and tropics, climate change is of great importance to food security in these

regions. According to the latest IPCC reports, temperature increases in these regions are

"very likely." Even small changes in temperatures can lead to increased frequency of extreme

weather conditions. Many of these have great impact on agricultural production and hence

nutrition. For example, the 1998-2001 central Asian drought brought about an 80% livestock

loss and 50% reduction in wheat and barley crops in Iran. Similar figures were present in

other nations. An increase in extreme weather such as drought in regions such as Sub-

Saharan would have even greater consequences in terms of malnutrition. Even without an

increase of extreme weather events, a simple increase in temperature reduces the

productiveness of many crop species, also decreasing food security in these regions.

www.bsscommunitycollege.in   www.bssnewgeneration.in  www.bsslifeskillscollege.in

181
www.onlineeducation.bharatsevaksamaj.net        www.bssskillmission.in

WWW.BSSVE.IN


