Notes for Exam I: BIO 100

Prof. Tickhill
As far as terms go, you are responsible for all bolded terms in these notes.  Email me if you are confused: justin.tickhill@sccmail.maricopa.edu
I. How is biology studied?

A. We thoroughly covered the scientific method in lab.  Please study the ‘What is Science?’ Lab handout and understand the steps in the scientific method, independent and dependent variables, and what is meant by a controlled experiment.

B. Hypothesis

1. It attempt to explain phenomenon.

2. If it explains it well, despite attempts to prove it false, our confidence in it grows.

3. Over time exceptional hypotheses about related phenomena become a theory.  Theories are considered true in science, unlike the way the term is used by non-scientists.  This has caused confusion in the past.

II. How we conduct human studies

A. We talked about conducting a study to determine the effectiveness of a new AIDS drug.  First, we used only volunteers.  Second, we randomly split up the group into two treatments: (1) drug, and (2) placebo.  So half the people received the drug and the other half received just a sugar pill (which has no medicinal properties).  Of course none of the volunteers knew whether they had actually received the drug or the placebo (so it’s called a blind study).  Because the person dispensing the drugs to the volunteers (and questioning them about how they felt) could affect how people respond to the drug, this person cannot know who is actually receiving the drug or the placebo either (so it’s called a double-blind study).  Drug studies on humans are always double-blind because people are oftentimes subtly influenced by the experimenter interacting with them.  

B. In this study the independent variable (input variable) is amount of drug (no drug vs. a dose) and the dependent variables (the result variable, the thing you measure at the end of the experiment to see if there was an effect) are (1) the T-cell count and (2) how well the patient feels.

III. What essential chemistry does a biologist need to know?

A. Energy

1. Kinetic energy is energy of motion.

2. Potential energy is stored energy.

3. Temperature is a measure of the velocity or energy of motion.

4. The three states of matter (from lowest to highest energy of their molecules) are solid, liquid, and gas.

B. Matter is composed of elements.

1. Cells are composed of complex biological molecules, which fall into four groups.

2. But before we investigate types of biomolecules, we need to learn a bit about elements, atoms, and molecules.

3. Elements: a chemical that cannot be changed into other chemical entities without a extreme conditions (thermonuclear reaction or radioactive decay) being applied to it (Ex. C, N, or O).

4. Atoms: the smallest amount of an element that still retains the properties of an element.

a. The nucleus of an atom is composed of neutrons and protons, while electrons travel around the nucleus

b. Protons are positively charged, electrons are negatively charged, and neutrons have no charge.

c. Protons and neutrons weigh one atomic unit, while electrons weigh so little (in comparison) that we can ignore their mass.

d. The atomic mass is basically the sum of the neutrons and protons.

e. An element is defined by its atomic number, which is its number of protons.

f. An isotope has addition neutrons, but the same number of protons.  For example, 13C (pronounced carbon 13) weighs one more unit than typical carbon (12).  Typical carbon has an atomic number of 6, but a weight of 12, meaning that there are 6 protons and thus 6 neutrons.  13C has 6 protons (or else it wouldn’t be carbon) and 7 neutrons.

5. A molecule is two or more atoms joined together by a chemical bond.  They can be atoms of the same element or different elements (Ex. H2O, O2).

C. Chemical bonds join together atoms into larger molecules.  There are 3 main types of chemical bonds.  (Look at bond handout!!)

1. Ionic bonds (ions: when atoms or molecules lose or gain electrons, e.g. H+, OH-)

· occurs between oppositely charged ions (charged particles, either + or -)

· they exchange electrons (and then opposites attract)

· cations are positive ions (Na+) while anions are negative ions (Cl-)

· bonds are intermediate in strength (but on the weak side)

2. Covalent bonds (atoms share electrons) ex. methane (CH4)

· they share electrons and thus form stronger bonds

· can also occur as double (CO2) or triple (HCN) bonds

3. Hydrogen bonds: weak bonds that occur primarily between H and O portions of molecules 

4. Some Important Points About Bonding

a. It requires energy to break chemical bonds, and energy is released when a chemical bond is broken. 

· Some bonds are easy to break, while others are difficult.

· Some bonds release a lot of energy when broken while some release only a little.  If a compound has many easy-to-break bonds that release a lot of energy when broken, the compound contains a lot of energy.

b. Functional groups on molecules are very reactive and thus affect the behavior of molecules.  We will cover three types of functional groups in lab.

D. Acids, Bases, and Neutral Solutions

1. The pH scale (1-14) measures the acidity of a solution.  Low pH is acidic, high pH is called basic, and the middle of the pH scale is neutral (7).

2. pH measures the availability of H+ ions in a solution.  If H+ are very available, then the pH of the solution is low (acidic), while H+ ions are rare in basic solutions, which are high in OH- instead.  Neutral solutions have roughly equal amounts of both ions.  (Note that if you combine H+ and OH- you have water.

3. The pH scale is logarithmic, meaning that there are 10 times more H+ in a pH 2 solution than a pH 3 solution.  Also a pH 2 solution would have 100 times more H+ than a pH 4 solution, etc.  

IV. Biomolecules

A. Carbohydrates (carbohydrates are polar: i.e., they have an uneven charge across them, but they are not ions.  Because they are polar, they are hydrophilic, or water-loving)

1.  Components: C,H, O (repeating units of CH2O, hence the name carbo-hydrates)

a. -OH groups make it soluble in water (where it forms a ring compound)

2.  Types of molecules: 

a. simple sugars
i. monosaccharides (glucose, fructose) 

ii. disaccharides (sucrose, maltose, lactose) 

iii. sugars join using dehydration synthesis. (See molecules of life lab)

iv. mono- and disaccharides usually end in –ose.

b. complex sugars

i. called polysaccharides
ii. some polysaccharides have bonds that are very tough to break: inert sugars can be used as structure instead of food storage (chitin in arthropods (insects, crustaceans), cellulose in plants)
iii. Good energy source for plants, short-term energy source for animals (plants: starch (unbranched), animals: glycogen (branched).  

B. Lipids (waxy, oily, non-polar, so they do not dissolve in water: hydrophobic)

1. Components: C, H, O (repeating units of CH2 usually, so they are very high energy ( twice the C-H bonds of sugar without the C-O bonds, so they store a lot of energy in their bonds)
a. Called hydrocarbons, which are molecules composed almost entirely of C and H, so they are very high in energy and hydrophobic.

2. no C=C double bonds ( saturated (meaning saturated with H)

a. solid at room temperature (lard, butter, any animal fat)
b. not good in your diet (clogs arteries)

3. C=C double bonds ( unsaturated (monounsaturated if only 1 C=C bond).

a. many C=C double-bonds (  polyunsaturated

b. liquid at room temperature (less problematic in diet) because kinks from double bonds in fatty acids prevent tight packing (tight-packaging makes saturated fats solid).

4. fatty acids are building blocks of triglycerides.  There are about 100 different naturally occurring fatty acids, differing in their length and the number of double bonds they possess.  A fatty acid contains two parts:

a. carbon chain w/ only H until end, where there's strongly polar carboxyl group.

b. -C=O




       |

(carboxyl group)




      OH
5. Triglycerides 

a. composed of 3 fatty acids linked to glycerol (glycerol is soluble in H2O due to OH)

b. typical lipid in fat cells (good long term energy source for all organisms)

6. Polar lipids important in cell membranes (lipid bilayers: i.e., a double layer of lipids)

a. phospholipids (one end hydrophilic, one end hydrophobic)

7. Steroids (messengers, i.e. hormones)
a. ring structure (ex. cholesterol) but still a hydrocarbon

b. Cholesterol is important in membranes (to maintain stability).

8. Facts about fats

· Eat mono- and polyunsaturated fats instead of saturated fats or trans-fatty acids.

· Trans-fatty acids are now required on food labels (starting in Jan 2006) and occur in processed foods with partially hydrogenated vegetable oils, meaning they saturated a vegetable oil that was previously unsaturated.  Trans-fatty acids may be more dangerous than saturated fats, because they are solid (like saturated fats) but your body doesn’t know how to deal with them well, because they are novel (new and not natural).  Most cookies, crackers and peanut butter contain partially hydrogenated oils.
· Some fats are actually good for you!!  Omega-3 (-3) fatty acids are common in fish oils, among other things, and reduce the risk of several ailments including heart disease.  Two types of fat (linoleic acid (-6) and  linolenic acid (-3)) are essential, meaning that our body cannot produce them so we must acquire them through our diet.  (They are precursors to specific hormones.)  Good sources of -3 fatty acids include fish oils, flaxseed oil, canola oil, and soybean oil.
· Your body manufactures cholesterol if it is lacking, but in many people their body does not rid itself of the excess easily.  LDL (low density lipoproteins) tend to deposit the excess cholesterol on artery walls, blocking the flow of blood.  HDL (high density lipoproteins) pick up cholesterol and deliver it to the liver, where it is broken down.  Your body produces more LDL when you eat food high in saturated fats.  But your body creates more HDL when you exercise (see the PowerPoint slides).

C. Proteins

1. Components (C, H, N, O)

a. composed of amino acid subunits

b. structure of amino acid (C attached to carboxyl group, amine group, H, and R-group) 
c. called amino acid due to amine group (amino) & carboxyl group, which acts like an acid.

d. R group varies from amino acid to amino acid

2. Structure

a. amino acid are joined by a (covalent) peptide bond, releasing water.  What is this reaction called? (dehydration synthesis)
b. Polypeptides (long strings of amino acids)

i. structure caused by R-groups
ii. primary structure: amino acid sequence in chain
iii. secondary structure: coiling of amino acid chain
iv. tertiary structure: balling up of coiled chain to form a subunit 
v. quaternary structure: the joining of different subunits

3. Roles of proteins

a. function linked strongly to structure
b. Enzymes are biological catalysts that make reactions occur in your body.  Their shape is very important for their function!
c. If you change just one amino acid in the linear sequence (primary structure), you may impair the function of the enzyme!
d. Proteins are affected by pH and temperature.  If subjected to high stress (extreme temperature or pH), and protein may denature (permanently change its shape).

D. Nucleic Acids (For this exam, know that DNA, RNA, and ATP are nucleic acids)

1. Structure
a. nucleotides are composed of

i. nitrogenous base (5 different ones): purines are double rings (A and G) , pyrimidines (C, T, and U) are single rings.  T is only found in DNA while U is only found in RNA.
ii. pentose sugar (either ribose: RNA or deoxyribose: DNA)
iii. phosphate group (acidic: releases H+ in water)

b. nucleotides joined by sugar-phosphate covalent bond, leaving the nitrogenous base hanging off the end.

c. chains are directional, which will be important later (5' phosphate vs. 3'-OH-)
d. Some nucleotides are also important in energetics.  ATP is the ‘currency’ used in the cell to get things done.
See additional nutrition notes in the first PowerPoint handout.

V. Cell membrane
A. composed mainly of a phospholipid bilayer

1. hydrophobic ends (oily hydrocarbon chains) align near each other in middle of membrane

2. hydrophilic ends (polar head groups) face outward and inward (towards watery areas)  (Again, polar means that the molecule has an uneven charge across the molecule.  Thus there is a more positive end and a less positive end, but it is not an ion because there has been no loss or gain in electrons.)

B. Messenger molecules (usually modified proteins, such as glycoproteins) are inserted into membrane layer.  Some penetrate bilayer, others only go part-way

C. Membranes are selectively permeable.

1. Allow some things through, but not others

a. charged particles (ions) cannot penetrate hydrophobic middle of membrane.
b. large neutrally-charged molecules, such as glucose, cannot fit (too big).
c. water (which is polar but small) and nonpolar molecules (oils, fats) can pass easily.

D. How particles pass through membranes

1. simple diffusion: from area of high concentration to an area of low concentration.

2. facilitated diffusion: diffusion aided by pores in the membrane.

a. occurs much faster than simple diffusion, because they can stream through the pore instead of slowly filtering through the membrane.

b. good for large or hydrophilic substances (ions especially) that cannot otherwise penetrate the membrane

c. aided by channel proteins (which create the pore) and carrier proteins (which shuttle them through the pore).

3. active transport: or pumps; requires energy (ATP) and can move things against a concentration gradient (i.e., they can move things from a low concentration to a high concentration).
a. uses carrier proteins and requires energy.

4. osmosis: diffusion of water
a. How to determine concentration of water: determine the amount of stuff dissolved in the water; whatever is left is water.  (Ex. 2% salt solution is 98% water!)

VI. Cellular organelles: usually membrane-bound

A. Nucleus: information storage and duplication

1. houses chromosomes (which are DNA wrapped around chunks of protein)

2. Here RNA (copy) is constructed from DNA (master copy) (process called transcription)

B. Ribosome: conduct protein synthesis

1. may be free in the cell where they release proteins to cytoplasm

2. may be attached to rough Endoplasmic Reticulum (rER) where they release proteins that will be inserted in membrane or released outside cell)

C. Mitochondria

1. power pack in cell; used for energy transduction (converts the energy in glucose to ATP)

2. requires oxygen to oxidize reduced carbon compounds (site of Krebs cycle and the electron transport chain).

3. Mitochondria contain their own DNA.
IV. Energetics and Respiration

Organisms require energy to maintain constant conditions in their bodies.  That energy is used to counteract the effect that typically disorder increases in the universe (i.e., entropy increases).  Life uses energy to maintain order, and thus seems to violate the 2nd Law of Thermodynamics.  (2nd Law of Thermodynamics is: Entropy increases.  Or No energy transformation is 100% efficient – rather energy is lost as heat.) 


Ex. Not all the energy in your gas tank goes toward propelling your car forward.  Much is lost as heat, making your engine hot.

Living things maintain order through essential chemical reactions called metabolism.  Metabolic reactions include:

· Organic molecules (ones with carbon backbones) can be converted to other organic molecules (e.g., fats and proteins are converted to glucose for fuel, excess proteins and carbohydrates are converted into fat, etc.).

· Energy is released by oxidizing reduced carbon compounds.  The energy from glucose, for example, is stored by creating ATP from ADP and P.  The glucose molecule gets broken down into CO2 and H2O eventually.

· Reactions that create waste products.

Both living creatures and fire consume oxygen.  The oxygen reacts with the fuel to produce CO2 and H2O.  This process is called oxidation.  In our bodies we oxidize glucose:

C6H12O6 + 6O2 ( 6CO2 + 6H20

You also should understand the difference between the two types of energy:

kinetic energy (moving objects)


1. moving car, moving baseball


2. hits something, stops, energy converted in sound, heat, light, etc.


3. fire burning

potential energy (stored energy)


1. ex. coiled spring, object at high location, gasoline



2. chemical energy is form of potential energy

What are the differences between fire and our metabolism?  Fire consumes everything – given enough oxygen, everything is oxidized randomly and chaotically.  Metabolism is very controlled and ordered.  Instead of all energy being released quickly as heat and light, much of the energy is stored in ATP molecules as the food molecules are oxidized slowly in many small steps.  And each small step requires an enzyme.

How does your body control which molecules get oxidized and which bonds on those molecules?  By only producing the enzymes capable of certain reactions.

Chemical reactions involve making and breaking bonds.  For example, 


1. Some reactions give off net energy, others require net energy, but all require a push.
· push called activation energy

2. Organisms catch energy released from 1 reaction and store it in ATP
· ATP = ADP + Pi

releases E (7 kcal/mole)


3. Catalysts reduce the activation energy needed.
· biological catalysts are called enzymes, which are composed of protein (the best biomolecule for making complex 3-D structures)

· lock and key idea: enzyme holds substrate in place in active site, makes it more likely to react.  The precise shape of the enzyme is very important!

· Enzymes are not used up in chemical reactions.  They can be reused over and over, and will continue to exist until your body destroys them.

· Enzymes cannot get more energy out of a reaction, they just make reaction more likely to occur.

· Enzymes are temperature sensitive, since protein denatures at high temperatures and lose their shape.

· Enzymes are sensitive to pH for the same reason.

A. Types of Metabolism



1. Anabolic: building bigger molecules (ex. anabolic steroids)




a. usually require energy since you’re creating bonds



2. Catabolic: breaking down larger molecules into smaller ones




b. usually releases energy

Cells contain a limited amount of ATP, so they must constantly recycle it.

B. Currency for energy in cell = ATP


1. What do cells catabolize to produce ATP?  Many different types of molecules, but here we consider glucose as an example




a. Of course we don’t actually want to burn glucose, since we would lose the energy to heat.




b. We must break it down gradually to capture the energy.




c. We must separate the C from themselves and the H’s.




d. Total balanced equation: C6H12O6 + 6O2 + 36ADP +36P --> 6CO2 + 6H2O + 36ATP




e. Note that first two substances (glucose and O2 burn, while 6CO2 + 6H2O are used to put out fires!)

VII. Glycolysis: the sugar-breaking (takes place in cytoplasm) (actually has 9 steps so 9 enzymes required!) (Fig. 9-13, p. 261)

A. 1 glucose  2 pyruvate







(6C  3C + 3C) 

1. By breaking glucose into pyruvate, we get 2 ATP and we load up 2 NAD+ to 2NADH by adding electrons.

2. NAD+ is nicotinamide adenine dinucleotide (reduced form is NADH)

a. Called electron carrier (think of electrons as energy)

B. 2 ATP’s from glycolysis are only 2% of energy in glucose

1. 3% lost as heat 

2. 2% in 2 ATP’s

3. 16% in NADH

4. 79% still in pyruvates

C. Oxidation-reduction revisited

1. Accepts electrons  reduced (has more energy than before)

a. called reduced since its charge drops or is reduced since it is accepting negative things (electrons)

b. NAD+ became reduced when it accepted electrons and became NADH

c. In the process, glucose became more oxidized when it became two pyruvates.

2. Donates electrons  oxidized (has less energy than before)

VIII. Aerobic Respiration
A. Krebs Cycle (discovered Hans Krebs)  (takes place in mitochondrion)

1. 2 pyruvates + empty electron carriers (8NAD+ + 2FAD)2GDP + 2P 2GTP + 20 e onto electron carriers (so full versions are 8NADH & 2FADH2) + 6CO2. (Note: GTP looks and acts like ATP, so some textbooks don’t bother mentioning that it’s GTP.)

2. Cycle is aerobic (requires O2).

3. Takes place in the mitochondrion.

B. Electron transport chain (Peter Mitchell, British scientist in early 1960’s: earned 1982 Nobel Prize) (also called Oxidative Phosphorylation)

1. 10NADH and 2FADH2  10NAD+ + 2FAD (flavin adenine dinucleotide).

2. In the mitochondrion, and it requires O2.

3. Mitochondrion uses energy of electrons to pump protons into space between inner and outer membrane.

d. pH (electrical) gradient used to synthesize ATP from ADP + P (Fig. 9-16d, p. 265)

4. Without O2, electron transport chain will not work.

5. With O2, the electron transport chain yields 32 ATP.

Sum of cellular respiration (36 ATP): only 37% efficient use of glucose’s energy: the rest is lost as heat.

IX. Fermentation (What do organisms do if they lack oxygen?)

A. Oxygen is required by most organisms, but many organisms can survive without O2.  How do they do it?

1. Well, you don’t need O2 for glycolysis, so you could use that pathway.

2. Problems

a. Not much energy from glycolysis (only 2% of glucose’s energy). 

b. Still have to clean off NADH so you can reuse NAD+ (otherwise you run out of them!)

3. Solutions

a. have slow metabolism or only use it temporarily

b. oxidize NADH to NAD+  How??  (see below for 2 different methods)

B. Alcohol fermenters (ex. yeast)

1. oxidize NADH in pathway that reduces pyruvate (3C) to ethanol (2C) + CO2.

2. ex. beer, wine, bread (alcohol evaporates during cooking)

C. Lactate fermenters (ex. us)

1. oxidize NADH in another pathway that reduces pyruvate to lactate (or lactic acid).  

a. no CO2 released

b. which cells in the body are best-adapted for lactic acid fermentation?  (muscles)

D. Drawbacks to fermentation

1. Produces no energy (but at least allows you to use glycolysis, yielding a measly 2% of glucose’s energy).  

2. Has toxic byproducts

a. alcohol is toxic to yeast (that’s why beer and wine are not very alcoholic)

b. lactate burns and causes cramps

i. we remove lactate from blood in the liver, which requires O2 to get rid of it.  That’s why you breathe heavily for several minutes after a good sprint.
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