AP Biology Midterm Review

Unit One – Chemistry 

Properties of carbon 
    Normal valence of 4 
    Charges are equally distributed around the carbon atom 
    Carbon compounds tend to be nonpolar 
    Carbon atoms can form long chains 


    Functional groups:  clusters of elements typically found together in particular molecules.  They are usually involved in chemical reactions. 

    Proteins 
        Building blocks = amino acids. 
            Functional groups -- amino and carboxyl 
            Each amino acid has a side chain that distinguishes one amino acid from another. 
       
           Primary structure = sequence of amino acids.  The amino acids are linked by peptide bonds involving the amino group  of one amino acid and the carboxyl of another.  Dictated by the genetic code. 
            Secondary structure = hydrogen bonds form between amino acids that are fairly close together.  Two main 
                                               structures result -- 
                                                    alpha helix 
                                                    beta pleated sheet 
            Tertiary structure = folding of a protein molecule due to other attractions within the molecule - often involve the variable (R) groups. 
            Quaternary structure =  bonding together of two or more polypeptide chains.  Examples include hair and collagen in connective tissues. 

        Functions of proteins: 
                Parts of plasma membranes (channels, gates, enzymes, facilitators of diffusion)
                Enzymes 
                Transport molecules (such as hemoglobin) 

   Carbohydrates -- polyhydroxy- aldehydes; ketones; amines or acids OR anything made from them 
        Monosaccharides - single sugar units;  may be 3 to 5 carbon atoms long. 
                Functions:  energy sources 
                                 markers on cell surfaces 
                                 ABO blood groups  

               Disaccharides - double sugar units 
              Functions:  energy sources 

               Polysaccharides -  multiple sugar units 
            Functions:  energy sources 
                             cell wall components (cellulose; pectin; etc.) 
                             energy storage (starch -- plants;  glycogen  -- animals) 

Lipids = organic molecules in cells that are not water soluble. 
    Triglycerides = fats and oils. Consist of three fatty acids + one glycerol 
            Fatty acids may be saturated or unsaturated (with hydrogen).  The carbons in the chain have single bonds between       them in saturated fatty acids. In unsaturated fatty acids, some of the carbons have double bonds between them. Sat is bad, solidifies at room temp, unsat is better and liquefies at room temp. 
              Functions of triglycerides:  energy storage and energy sources. 
    Steroids 
        Based on cholesterol. 
        Some are hormones such as the sex hormones. 
        Steroid hormones are lipid soluble.  That is, they pass freely through the plasma membrane.  Therefore, steroid hormones are able to act directly on DNA to turn genes on or off. 

Phospholipids 
        Composition -- two fatty acids, phosphate group (among other things) and one glycerol molecule 
        Major component of the plasma membrane 
        The phosphate group is on the hydrophilic head protion of the molecule, while the fatty acids constitute the hydrophobic tails. 

Water – excellent solvent, high heat capacity, ice floats, cohesion/adhesion, surface    tension

Enzymes – metabolic catalysts (lower activation energy), -ase, effected by: pH, temperature, salt, coenzymes, activators, inhibitors, and negative feedback 

Hydrolysis Reaction – break down compounds with water

Dehydration Reaction- two thing brought together that produces H2O

Endergonic Reaction – requires input of energy

Exergonic Reaction – gives off energy

Redox Reaction – electron transfer reactions 

Unit Two – Cells 

Fluid mosaic model - The plasma membrane consists of two layers of phospholipids with a scattering of proteins within it. 
  The fatty acid tails (hydrophobic tails) are toward the inside of the membrane, while the phosphate group, and asssociated atoms, are on the outsides (hydrophilic heads). 

Membrane function - to regulate the passage of substances into and out of the cell - selective permeability. 

Substances that can diffuse freely through the plasma membrane are nonpolar (hydrophobic) molecules as well as very small molecules such as water, carbon dioxide and oxygen.  In general, charged particles do not pass freely through the membrane. 

The ability of specific ions and polar molecules to pass through the membrane depends on transport proteins that are within the membrane. 


Membrane transport: Passive 

        Simple diffusion -  Substance able to get through the membrane travel from areas of high concentration to areas of low concentration 
        Facilitated diffusion - membrane proteins assist some substances through the membrane following the diffusion gradient. 
                                        There are specific proteins for specific substances.  Example:  P450 in the lung alveoli assist the 
                                        diffusion of oxygen into the blood stream.  Oxygen diffuses 30% faster due to this substance. 

    Active transport - energy is used to transport substances against the diffusion gradient.  This allows the cells to concentrate 
                                substances inside or outside. (See link) 
      

   An example of active transport is the sodium-potassium pump. 

   Integral Protein – implanted within lipid bilayer of membrane

Peripheral Protein – attached to the exterior of membrane 

Osmosis – passive movement of water from low solute to high solute 

Endocytosis – particles move into cell through vesicles

Exocytosis – particles ejected from cell 

	Organelle 
	Prokaryotes
	Eukaryotes (Animal)
	Eukaryotes    (Plant)
	Function

	Cell Wall
	+
	-
	+
	Protects and shapes cell.

	Plasma Membrane
	+
	+
	+
	Selective barrier consisting of phospholipids, proteins, and carbs.

	Ribosome
	+
	+
	+
	Synthesizes proteins, formed in nucleolus. 

	Smooth ER
	-
	+
	+
	Synthesizes lipids, detoxification, carb metabolism, no ribosomes. 

	Rough ER
	-
	+
	+
	Synthesizes proteins for plasma membrane, ribosomes. 

	Golgi
	-
	+
	+
	Modifies lipids and proteins to send to sites in cell.

	Mitochondria
	-
	+
	+
	Power plant of cell, hosts energy production of respiration. 

	Lysosome
	-
	+
	+
	Digest organic compounds, cells stomach.

	Nucleus 
	-
	+
	+
	Control center, host of transcription, replication, and DNA.

	Peroxisome
	-
	+
	+
	Breaks down fatty acids and detoxifies alcohol.

	Chloroplast
	-
	-
	+
	Site of photosynthesis.

	Cytoskeleton
	-
	+
	+
	Skeleton, microtubules (division, cilia, flagella), microfilaments (muscles), intermediate filaments (reinforcement for position of organelles). 

	Vacuole
	-
	Small
	Large
	Storage

	Cetrioles 
	-
	+
	- 
	Part of microtubule separation, assists in cell division of animal cells. 


Cellular Respiration (C6H12O6 + 6O2 ( 6CO2  + 6H2O + energy) 

Redox reaction:  A coupled reaction involving an oxidation that liberates energy and a reduction that absorbs energy.  The energy liberated by the oxidation is enough to drive the reduction.

Substrate level phosphorylation:  ADP is reduced to ATP by using the energy released by the oxidation of another molecule.  In some cases, the phosphate that is added to the ADP comes from the molecule that is oxidized.

Oxidative phosphorylation:  ATP is made by utilizing the electrochemical gradient along the inner membrane of the mitochondrion.

Chemiosmotic hypothesis:  The idea that an electrochemical gradient can be used to generate ATP.

Cytosol:  The cytoplasm minus the organelles.  (This is the location of glycolysis and fermentation)

Aerobic:  uses oxygen; oxygen is present

Anaerobic:  does not use oxygen; oxygen is not present

Fermentation:  anaerobic breakdown of sugar for energy

Mitochondria:  the cellular organelle that is responsible for aerobic respiration in eukaryotic cells

Eukaryotic cells:  cells that have membrane bound organelles including a formed nucleus,  mitochondria, endoplasmic reticulum, Golgi bodies, etc.

Prokaryotic cells:  cells that lack membrane bound organelles

Cristae:  the folded inner membrane of the mitochondria

	Process
	Location
	Major events

	Glycolysis 
	Cytosol
	Splitting of 6 carbon sugar to two, three carbon pyruvate molecules. 
Produces 2 NADH and a net gain of 2 ATP. 
ATP is produced by substrate level phosphorylation. 
Oxygen is not involved. 
Regulated by feedback inhibition -- involves the enzyme phosphofructokinase.  Tied up by ATP or citrate.

	Krebs cycle
	Matrix of the mitochondrion
	Pyruvate is reacted with coenzyme A (CoA).  Carbon dioxide is released and NADH is formed.  The result is the two carbon acetyl group that links with coenzyme A forming Acetyl-CoA. 
Acetyl-CoA reacts with oxaloacetate (a 4 carbon molecule) to form a six carbon citrate. 
In the cycle, carbon dioxide is removed, and the hydrogen ions are harvested in NADH and FADH. 
One ATP is generated per cycle by substrate level phosphorylation.

	Electron transport chain
	Inner membrane of the mitochondrion
	Hydrogen ions are actively transported between the membranes of the mitochondrion.  The result is an electrochemical gradient that provides the energy for the production of ATP. 
Electrons are passed down the chain. 
Molecular oxygen is the ultimate acceptor of hydrogen ions and electorns.


Fermentation: 
    Beginning steps -- glycolysis. 
    Pyruvate (or a derivative of it) becomes the final acceptor of hydrogen ions and electrons from NADH. 
    NAD is an oxidizing agent in glycolysis in the conversion of PGAL (phosphoglyceraldehyde) to 1,3 bisphosphoglycerate. 
            Lactic acid fermentation 
                Occurs in skeletal muscle cells 
                Pyruvate is the direct acceptor of H+ and electrons from NADH 
                Produces lactic acid 
                Accumulation of lactic acid causes muscle fatigue and an oxygen debt. 
                When resting, lactic acid is carried to the liver via the bloodstream where it is converted back to pyruvate.  Pyruvate is then used for another purpose. 

            Alcoholic fermentation 
                Occurs in yeast and some bacterial cells 
                Pyruvate loses a carbon in the form of CO2 producing acetaldehyde.  Acetaldehyde becomes the acceptor of H+ and electrons from NADH 
                Produces ethanol (ethyl alcohol) which eventually poisons the cells.

Photosynthesis (light + 6H2O + 6CO2 ( C6H12O6 + 6O2) 

Organelle involved - chloroplast 
Structure of chloroplast - Thylakoid sacs - location of the light reactions of photosynthesis that produces ATP and NADPH. 
Stroma is comparable to the cytoplasm of the cell.  This is where the Calvin cycle occurs. 
                        ATP and NADPH are the needed energy sources as well as hydrogen ion and electron sources for the production of sugar in the Calvin cycle (light independent reactions). 

        Photosynthetic pigments: 
                Primary pigment = chlorophyll a.  This is the pigment that takes direct part in the light dependent reactions. 
                Accessory pigments = carotenoids and chlorophyll b.  Functions - protect chlorophyll a from damage from UV light and absorb light at wavelengths that are not absorbed by chlorophyll a. Electrons are transferred to chlorophyll a in the photosystems.  This broadens the absorption spectrum for photosynthesis. 

Leaf structure 
                Mesophyll = tissues involved in photosynthesis.  In C3  plants, the palaside mesophyll (also known as palisade parenchyma) is located on the upper side 
                                    of the leaf.  Most of the photosynthesis occurs in this tissue. 
                                    Spongy mesophyll is toward the lower side of the leaf.  Some photosynthesis occurs in this tissue. However, this the main tissue that allows for gas exchange with the atmosphere. 
                Stomata = openings in the leaf epidermis that allow for the exchange of oxygen and carbon dioxide between the leaf and the atmosphere.  The stomata are regulated by guard cells.  The opening and closing of the stomata is regulated by CO2  concentration.  In C3 plants, the stomata open during the day and close at night. 

Light reactions - Occur in the thylakoid membranes.  All pigments and enzymes are embedded in the membranes. 
                Noncyclic electron flow 
                        Basically, electrons are passed from water to NADPH.  Water is split releasing molecular oxygen as a waste product.  The hydrogen ions are passed into the thylakoid sacs producing an electrochemical gradient that ultimately produces ATP. 

                        Two photosystems involved. 
                        Photosystem I donates electrons that end up in NADPH 
                        Photosystem II splits water, and donates electrons that restore photosystem I.  Therefore, water is ultimately the source of electrons that end up in NADPH.
                         

Light independent reactions (also known as the dark reactions or the Calvin cycle)
                       The products of the light reactions provide the energy and the hydrogen ions needed to produce sugar from carbon dioxide.  The carbon dioxide acceptor is RuBP. The enzyme rubisco catalyzes the reaction between RuBP and carbon dioxide.  The first stable compound is PGA (a three carbon compound -- 3 phosphoglycerate). PGAL (glyceraldehyde 3 phosphate) is produced as a result of reacting PGA with NADPH (from the light reactions).   PGAL is converted to glucose, and RuBP is restored as a result of a series of reactions involving ATP and NADPH.

Photorespiration occurs when the stomata of the leaf are closed and there is a shortage of carbon dioxide for photosynthesis.  The enzyme rubisco, which normally reacts RuBP with carbon dioxide, reacts oxygen with RuBP instead.  the result is the decompostion of RuBP to carbon dioxide. 

C3 plants are capable of trapping (fixing) carbon in the Calvin cycle only.  C4 plant utilize the Calvin cycle, but have a series of added on reactions that allow carbon dioxide to be trapped in the early morning or late evening.  (See link) 
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CAM plants:  desert plants.  Trap CO2 at night and store it as crassulacean acid.  The plants carry out the Calvin cycle during the day by removing CO2 from crassulacean acid.  This prevents water loss through the stomata since the stomata only open at night.  In cactus, the leaves are reduced to needles, thus reducing surface area. 


Cell Cycle
	
	Mitosis
	Meiosis

	Purpose
	Maintain the same number of chromosomes in the cells of the body.
	Maintain the number of chromosomes from one generation to the next in a sexually reproducing population.

	Cells involved
	Somatic (body) cells
	Reproductive cells

	Number of daughter cells
	2
	4

	Chromosome number in the daughter cells
	Same number as in the parent cell
	1/2 the number of chromosomes as the parent cell

	Number of divisions of the nucleus
	one
	two

	Number of times the chromosomes are replicated
	one
	one


Stages of the cell cycle 
    Interphase 
        G1 -- normal cell function; growth of the cell; restriction point -- decision to divide 
        S -- synthesis of DNA 
        G2 -- production of protiens, etc. in preparation for mitosis 

   Mitosis 
            Prophase - disappearance of the nuclear membrane;  condensation of the replicated chromosomes; (in animal cells) replication of the centromere and migration of the duplicated centromeres to the opposite poles of the cell. 

            Metaphase - sister chromatids line up along the equatorial plate of the ell;  spindle fibers attach to each chromatid 

            Anaphase - chromatids are separated as the spindle fibers shorten 

            Telophase - formation of new nuclei.  The cell may or may not divide. 

Division of the cell is called cytokinesis. 

Meiosis

Prophase I:  Sister chromatids and homologous chromosomes condense and line become tangled together.  Homologs exchange parts -  crossing over. (Crossing over provides variety among the gametes)

Metaphase I:  Modified sister chromatids and their homologs line up together along the equatorial plate of the cell. 

Anaphase I:  Homologs separate, but the sister chromatids stay together. 

Telophase I:  Temporary formation of nuclei 

Prophase II:  Condensation of chromatids 

Metaphase II:  Sister chromatids line up along the equatorial plate 

Anaphase II:  Chromatids separate 

Telophase II:  Formation of new nuclei.  Each one is different due to crossing over in prophase I.

