Biology 20 IB

Topic 2 – The Chemistry of Life

Invitation to Biology Chapters 2, 3, (14 (pp.182-184; pp. 190-191)), 8 (pp.109-111), 28 (pp. 396-397)

The Unity and Diversity of Life Chapters 2 (pp.28-29), 3 (3.1 – 3.5 no nucleic acid)
· organic chemistry – the chemistry of carbon found in living things

· of all of the molecules in living things, 50-95% is water (hydrogen & oxygen), less than 1% are ions, almost all of the rest of the molecules in living things are organic

· the three most common elements of life are carbon, hydrogen and oxygen – which are found in all four of the most common organic molecules carbohydrates (composed of sugars), lipids (fats and waxes), proteins (composed of amino acids) and nucleic acids (composed of nucleotides)

· other elements found bonded in organic molecules are sulfur, nitrogen, phosphorus

Nutrition

· there are three classes of molecules/atoms/ions that are required for life:

1. macronutrients

· are required in large amounts

· used for energy and building blocks of molecules necessary for life

· include carbohydrates, lipids, and proteins

2. micronutrients

· required in small amounts

· used in chemical reactions

· includes vitamins and minerals

3. special

· water – dissolves molecules, is involved in transport, acts as a cushion, flushes out waste, helps maintain body temperature

· fibre – from fruits, vegetables and whole grains – undigestable cellulose, provides bulk in the digestive system, and may help prevent obesity, colon cancer, heart disease, gallstones, irritable bowel syndrome, diverticulitis and diabetic conditions

Water

· most abundant molecule of life, making up 50-95% of  the weight of living systems

· covalently bonded atoms of hydrogen and oxygen

· polar molecule ( charge separation ((+, (-)
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molecules are held together with fairly strong intermolecular forces called hydrogen bonds

· hydrogen bonds are found in many organic compounds where either nitrogen or oxygen are bonded to hydrogen

· hydrogen bonding leads to extraordinary physical properties

Physical Properties of Water (due to its small size, polarity and H-bonds)

1. Cohesion: Water molecules tend to stick to one another. This is important in the transport of water against gravity, and keeping water inside cells even though there are openings. 

2. Surface tension. Surface tension = measure of difficulty in breaking the surface of a liquid. Higher surface tension than most liquids. Animals can walk on the surface, live on it, live under it, get trapped under it. 

3. Adhesion. Water molecules tend to stick to other molecules. This means that water makes things wet. Water is an excellent solvent for both ionic and polar compounds. NaCl dissociates into Na+ and Cl- ions. This allows substances to circulate within animals. Fats and other nonpolar molecules, however do not readily dissolve in water

4. Water has a high specific heat (amount of heat that must be absorbed or lost to change the temperature of a substance) Because of high specific heat, organisms can be buffered against temp change. Also, water habitats change temp slowly, oceans tend to be stable habitats, and land near water has milder climates.

5. Water has a high heat of vaporization (quantity of heat a liquid must absorb in order to be converted to a gas). Makes evaporative cooling an effective mechanism of heat loss.   Water also has a high heat of solidification (quantity of heat that must be lost as water freezes).  As water freezes, it will release energy, warming the environment around it.

6. Water reaches maximum density at 4(C. Ice floats, and water expands as it solidifies due to the open crystal made as more hydrogen bonds are formed. Because of this, bodies of water freeze from the top down, and don't freeze solid.   This allows organisms living in the water to have access to the bottom – where the food is – all winter long, and helps insulate the water, maintaining the temperature above or at worst near freezing.  As well, if ice were more dense, it would sink and be insulated from the summer sun, tending not to melt.  

Organic Molecules (chapter 3)

· organic molecules all contain carbon, which form 4 strong covalent bonds each – with other elements or with other carbon atoms – which allows for a wide variety of bonding configurations

· the shape of an organic molecule largely determines its properties and function in living systems

· there are five major groups of organic compounds found in cells – carbohydrates, lipids, proteins, nucleic acids, and vitamins

Carbohydrates

· organic compounds that are composed of carbon, oxygen and hydrogen in the ratio of 1:2:1 (CH2O)

· includes sugars and starches, fibres and wood. 

· in the diet, carbohydrates provide 17kJ/g consumed (or 4 Calories/g)

· Most abundant organic compounds in nature, serve as immediate energy sources, energy reserves to fuel life processes, as structural compounds, and as building blocks for other molecules

· generally soluble in water, due to the OH (polar nature) of the sugars

· carbohydrates are formed from small sugar molecules, and the carbohydrates formed are classified based on the sugars they contain

· monosaccharides are the simplest carbohydrates and they are made up of carbon atoms to which H and O atoms are attached

· can contain from 3 carbons (triose) to 7 carbons (heptose) (sugar names end in ose)

· e.g. glucose C6H12O6. Alpha Glucose is the form in which sugar is transported through animal systems.  They may exist in open (chain) or ring form, with ring forms the most common (since they are more stable in solution).  Monosaccharides are called monomers – which can be linked together to form larger carbohydrates

· glucose and fructose are isomers of C6H12O6, the difference is where the oxygen and hydrogen atoms are attached
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· glucose is the principal energy source for most living cells

· disaccharides = 2 monosaccharides linked together, examples are sucrose (glucose and fructose) which is the form most sugar is transported throughout plants, maltose (used to make beer)/trealose (two glucose molecules) found in insects, and lactose (glucose + galactose) the sugar found in milk

· disaccharides are formed from two monosaccharides joining together in an enzyme catalyzed condensation reaction (condensation = water produced)

· when sucrose is formed, the reactive glycosidic hydroxides on both molecules are reacted, which makes sucrose no longer reactive

· if the reaction is reversed, a hydrolysis reaction (where water is added) occurs, which releases energy

· polysaccharides = many monosaccharides (monomers) linked together to form a polymer (polysaccharide), and are storage and structural forms of sugar

· starch  is the storage polymer found in plants, stored as granules within plastics (amylose, amylopectin) – found in the human diet from potato tubers and grains

· glycogen is found in humans and fungi – stored in the liver and muscles of humans and other vertebrates

· cellulose is a structural polymer

· all three are glucose polymers that are linked together slightly differently: starch is a long chain polymer of alpha glucose, glycogen is a long chain of alpha glucose with branches, and cellulose is a polymer of beta glucose – which is what makes it undigestable by the enzymes we have in our bodies.

· another polysaccharide, chitin, is an amino sugar polymer (contains NH2), forms the exoskeleton of arthropods and the cell walls of some fungi

Carbohydrate tests:

1. iodine test – tests for glycosidic linkages in ( D glucose ONLY

· will turn from amber to blue black in the presence of starch

· will turn from amber to darker reddish brown in the presence of glycogen

2. Benedict’s test – tests for reducing sugar – which must have a free aldehyde or ketone group to test positive

· the quantity of reducing sugar present will determine the final colour of the solution when heated to 80(C for six minutes (blue –negative, green ( brown are positive results)

· glucose (chain form) and the other monosaccharides test positive

· sucrose, glycogen and starch test negative (have a glycosidic OH, but only one) ( negative

· maltose tests positive ( the OH on the end (glycosidic) will test positive

Lipids

· are grouped together because they are insoluble in water (but are soluble in nonpolar solvents), and include fats, phospholipids and steroids

· used for energy storage (as fats and oils), and for structural purposes (phospholipids, waxes) especially in animals, who have limited glycogen storage ability

· fats are a more compact form of energy reservoir – 1 g of fat stores twice as much energy as 1g of polysaccharide (9 Cal/g or 37 kJ/g)

Fats (triglycerides or triacylglycerols) 

· are formed by three condensation reactions between a glycerol molecule (1,2,3 –propanetriol) and three fatty acids (carboxylic acids) – also called esterification

· the fatty acids can be of varying length, but generally contain even numbers of carbons and may contain only single (will form saturated fats) or some double bonds (which will lead to unsaturated fats)

· unsaturated fats tend to be oily liquids (due to lower MM), are more common in plants, and are easier to digest

· saturated fats tend to be solids at room temperature, and are commonly animal fats

· fats are stored as oil droplets in the cytoplasm or as solids, and are used as an energy reserve, as 

· they are also a structural component for cell membranes and for hormone synthesis

Waxes

· fatty acid molecules linked to an alcohol other than glycerol

· form a protective layer on the surface of plants, insects, frogs to protect against water loss

· used to provide structure in beehives (beeswax)

· as a cleanser – ear wax

Phospholipids

· differ from fats in that the third carbon of the glycerol molecule is attached to a phosphate group (PO43-) instead of a fatty acid

· the phosphate portion makes the molecule polar – giving it the polar head (hydrophilic head), the remaining two fatty acid tails giving the molecule two long non-polar ends (hydrophobic tails)




· are a major component of cell surface membranes – they spontaneously form a bilayer when placed in water

Steroids

· are included in the lipid group because they do not dissolve in water

· includes cholesterol (diagram to the right), many hormones (which are synthesized from cholesterol)

· cholesterol is also important as a component of cell membranes

· grouped together because of similar chemical structure – four fused carbon rings with other functional groups attached

· cholesterol is found in the diet  - principally in meat, cheese and egg yolk, and can be manufactured and degraded by the liver

· cholesterol in the body is packaged with protein and is found in two types: HDL (high density lipoproteins), which functions as a transport molecule, transporting cholesterol to the liver for destruction; LDL is low-density, and can build up in the arteries contributing to atherosclerosis

· levels of HDL/LDL are thought to be controllable with diet and exercise

Tests for Lipids

1. Sudan IV test – will dissolve in lipids, turning the lipid red (will not dissolve in polar solvents, just floats on top)

2. Translucence test – using unglazed paper, lipids will turn the paper translucent, while water will simply wet the paper temporarily

Proteins

· are complex polymers of amino acids linked together with peptide bonds – 2 aa = dipeptide, 3 aa = tripeptide,… if enough are hooked together, it is called a polypeptide ( one or more polypeptides will make a protein

· make up 50% or more of cellular dry weight

· have a number of functions in the cell

· structural– claws, nails, hair, hooves (keratin), outer layer of skin (collagen)

· transport - hemoglobin, cell membrane transport proteins

· movement contractile proteins actin & myosin

· regulatory - hormones

· catalytic – enzymes that speed up reactions allowing them to occur

· immunological – antibodies, antigens on the exterior of a cell

· storage of amino acids

· there are over 50 aa found in nature, however only 20 are commonly found in proteins

· amino acids necessary for protein synthesis come from one of two sources:

· synthesized in the body as needed using the diet for necessary precursors – ammonia and sugars

· from the diet directly – essential amino acids cannot be synthesized by the body, so must be consumed as required – these aa are: lysine, tryptophan, threonine, methionine, phenylalanine, leucine, valine and isoleucine (8 essential aa).  The only way to consume enough aa is to consume enough protein – rice, beans, eggs, steak…

· as an energy source, proteins are comparable to carbohydrates, providing 4 Cal (or 17 kJ/g)

· amino acids are made up of C, H, O and all contain an NH2 (amino) group and a COOH (carboxyl = acid) group (see generalized structure above right), where R is a “radical” – a differing chain/ring depending on the amino acid, may contain only carbon and hydrogen, or may include nitrogen and sulfur atoms as well (see p.48 for some examples)

· the amino acids are linked together through a peptide bond – a covalent bond formed from a catalyzed reaction producing water as a biproduct (dehydration synthesis)

· the peptide formed is polar (the NH2 and COOH ionize in water to produce + and – ends), and is formed of repeating sequences of N-C-C-N-C-C…, forming the backbone of the protein

· the properties of a protein – solubility, etc. is dependent on the amino acids contained in the protein, as amino acids may be polar or nonpolar (polar will dissolve in water), and may exhibit acidic or basic properties

Protein Structure

A protein’s ultimate structure and its ability to function will depend on its overall structure – the overall structure is determined by the superposition of each of the structural influences (the 2( depends on the 1(, etc)

1. primary structure (1()

· the sequence of the amino acids when hooked together, as dictated by the gene

· held in this manner by covalent bonds

· a difference of one aa (caused by a mutation in the gene, generally) may lead to incredible differences, ex: Sickle Cell Anemia

2. secondary structure (2()

· simple folding/coiling of the polypeptide 

· two common types are (-pleated sheets (2 chains together) or ( -helices

· held in this manner with hydrogen bonds formed between the N((-) or the O((-) of the backbone with the Hs((+) of the backbone

3. tertiary structure (3()

· irregular bonding of side chains (R groups) – often disulfide bonds

· may be either weak interactions (dipole-dipole and/or LDF and/or ionic), or covalent linkages

· these linkages are often not rigid, so may break/reform as the protein interacts with other molecules (transport proteins)

4. quaternary structure (4()

· results from the interaction between two or more polypeptide chains in a single protein

· ex: hemoglobin has four subunits 

· the overall structure will often be indicative of its function:

· regular repeating units with 2( structure ( fibrous structural proteins

· complex non-repeating proteins with 3( and 4( structure ( globular proteins with a specific function in the cell

· a protein’s structure may be altered in one of three ways:

· denaturation

· when exposed to heat, changes in pH, they may lose their shape due to Hbds and other weak interactions are broken

· this process may be reversed if the conditions are restored slowly

· since a protein’s shape determines its functionality, it will not be able to function

· coagulation

· when exposed to extreme changes in pH , temperature or when exposed to radiation, irreversible changes in shape may occur

· covalent bonds are affected

· ex: cooking an egg

· deamination

· if certain proteins are in excess, or are no longer functional, the liver will break the protein into aa by hydrolysis, and then the aa will be deaminated (the NH2 will be removed)

· the amine will combine with CO2(g) to form urea for excretion

· the remaining C,H,O will be converted to either fats or carbohydrates

Enzymes

· enzymes are proteins that are used to catalyze chemical reactions in living systems

· they speed up reactions by providing a more energetically favorable pathway for the reaction (they lower activation energy)

· they are not consumed in the process

· enzymes bring reactant (substrate) molecules together in the right configuration for a reaction to occur (by lining the molecules up properly, this increases the chance of a successful collision) (see picture)

· one of the most popular theories of how enzymes work is the lock and key model (which has since been modified to the induced fit model)

· all enzymes have an “active site”, a pocket or groove on the surface of the folded protein that is compatible to the substrate molecule(s) (the induced fit model extends this concept to the point that when the substrate molecule slides into the active site, the enzyme changes shape slightly to more snugly hug the substrate molecule, and better position it for reaction)

· since the active site is a specific shape:

· an enzyme is specific for a certain reaction

· any change in the enzyme’s active site’s shape will greatly affect is ability

· the substrate will bond to the active site with weak attractive forces (H bonds typically)

· the reaction occurs

· the product molecules are released, freeing up the enzyme to catalyze another reaction

Factors affecting Enzyme Activity

1. presence of coenzymes & cofactors

· enzymes often work in conjunction with coenzymes (vitamins) or cofactors (minerals)

· without the cofactors and coenzymes, the enzyme cannot function

2. temperature 

· as temp(, reaction rate (, but enzymes will be optimized for the body’s temperature

· for bacteria living in hotter temperatures, their enzymes will work better at higher temperatures

· if temperature changes too much, the protein may denature ( not functional

3. pH

· the optimal pH will be 6-8 to function in most areas of the body

· exceptions: pepsin (an enzyme in the stomach) has an optimal pH of 2, trypsin, functioning in the alkaline small intestine’s optimal pH is 8

4. allosteric regulation 

· most enzyme activity is not at a constant level, but will fluctuate depending on the body’s needs (to maintain homeostasis)

· most body regulation is achieved with negative feedback – the product of a reaction will feed back to limit the progress of the reaction

· often this is achieved with allosteric regulation ( the enzyme will have another structural site that will accept the product (or another regulator) that changes the overall shape of the enzyme, temporarily deactivating it

5. other inhibitors (includes poisons, drugs, etc.)

· certain chemicals selectively inhibit the action of specific enzymes

· inhibition may be reversible (if bonded with weak forces) or irreversible (if covalently bonded)

· competitive – competing with the regular substrate molecule for the active site (so would be structurally similar to the substrate) 

· noncompetitive – binding somewhere else on the enzyme but altering the shape of the enzyme nonetheless (ex: mimicking an allosteric regulator)

· if inhibition is competitive, you can overcome it by increasing the concentration of the substrate

Tests for Proteins:

1. Biuret test: tests for the presence of peptide bonds

· if peptide bonds are present, a colour change from blue (negative) ( pink/violet/purple (( # bonds)

· the purple color is formed when copper ions in the biuret reagent react with the peptide bonds of the polypeptide chains to form a complex

2. Ninhydrin test: tests for the presence of individual aa

· if individual aa are present, a colour change from yellowish ( deep purple-blue 

· ninhydrin reagent reacts with free amino groups to form a purple colored substance

· ninhydrin will not react with a polypeptide due to the relative absence of free amino groups

Vitamins

· vitamins cannot be synthesized by animal cells, and are also required for life, they are required only in small amounts, and include both fat soluble (storable) vitamins, as well as water soluble (daily requirement) (see p.397 for a list)

· retinol (vitamin A - (-carotene) (FS) obtained from green and yellow vegetables, fruits, liver, butter and is used for the synthesis of the visual pigments, and mucous membranes.  PRIVATE
Deficiency leads to night blindness, changes in the eyes, poor bone growth, weak tooth enamel, slow growth, and dry skin. 

· cyanocobalamin (vitamin B12) (WS) Found only in animal foods: meats, liver, kidney, fish, eggs, milk and milk products, oysters, shellfish.  Maintenance of the nervous system, red blood cells and nucleic acid.  Deficiences may lead to pernicious anemia, anemia; neurological disorders; degeneration of peripheral nerves that may cause numbness, tingling in fingers and toes.

· ascorbic acid (vitamin C) (WS) found in citrus fruits, broccoli, strawberries, melon, green pepper, tomatoes, dark green vegetables, potatoes.  Involved in the formation of collagen, maintenance of blood vessels, wound healing, and the absorption of other vitamins.  Deficiencies lead to bruising, scurvy, wounds that don’t heal

· calciferol (vitamin D) (FS) is synthesized by the body when skin is exposed to sunlight, found naturally in fish, liver and added to milk.  Promotes hardening of the bones and teeth, proper absorption of calcium – deficiencies lead to poor bone growth (rickets)

· tocopherol (vitamin E) (FS) found in vegetable oil, margarine, butter, shortening, green and leafy vegetables, wheat germ, whole grain products, nuts, egg yolk, liver.  Protects red blood cells, enzyme cofactor in cellular respiration

Minerals

· essential minerals are inorganic substances necessary for life, including iron, potassium ions, sodium ions, calcium ions and iodine are required for life 

· in a healthy diet, minerals will be found in both foods eaten and in drinking water

· potassium ions (not K but K+) are used in electrical conduction through the body. Deficiencies may lead to symptoms such as muscle weakness, fatigue, mental confusion, heart rhythm disturbances and problems with nerve conduction.  In plants, K+ is important in opening and closing the stomata (regulating osmotic movement of water), and as an enzyme activator

· iron is a necessary component of hemoglobin, the oxygen carrier in RBCs in animal cells, and in some bacteria can be used as an energy source.  Iron ions, Fe2+, and Fe3+ are required by plants for chloroplast development (component of cytochromes)

· calcium ions, and calcium are both required for life – in plants, calcium ions are required for cell walls, and is involved in cell membrane permeability and ion transport.  In animals, calcium ions are required for muscle contraction, nerve conduction among others.  Calcium is stored in the bones, and is deposited and released from the bones based on blood calcium levels

· iodine is a necessary component of the hormone thyroxine, produced by the thyroid gland.  Iodine is added to salt to ensure the average North American consumes sufficient iodine and does not develop a goiter

Topic 2 - The chemistry of life

Elements of life

· http://arnica.csustan.edu/boty1050/Energy/energy.htm 

· http://www.hsu.edu/faculty/engmanj/bio2114/lecs/chemlif.htm 

Carbohydrates lipids and proteins

· http://arnica.csustan.edu/boty1050/Chemistry/chemistry.htm 

· http://www.hsu.edu/faculty/Engmanj/bio2114/lecs/macros.htm 

· http://www.jonmaber.demon.co.uk/monosaccharide/ 

Carbohydrates in more detail

· http://wizard.pharm.wayne.edu/biochem/311chostrfxn.html 

· http://www.forestry.auburn.edu/elder/wood_chem/ch2/ch2.html 

Lipids in more detail

· http://wizard.pharm.wayne.edu/biochem/fat.html 

Proteins in more detail

· http://wizard.pharm.wayne.edu/biochem/prot.html 

Enzymes

· http://koning.ecsu.ctstateu.edu/Plant_Physiology/enzymefactors.html 

DNA structure

· http://arnica.csustan.edu/boty1050/Dna/DNA.htm 

· http://www.hsu.edu/faculty/Engmanj/bio2114/lecs/macro2.htm 
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the amount of energy required for the reaction is illustrated by the peak of the  curve for the reaction pathway (called the activation energy for the reaction)
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