Chapter 1 – Basis of Life
Ingestion – acquisition of food

Assimilation – building of new tissues from digested food

Monosaccharide – (carb) single sugar subunit

Polysaccharide – (carb) polymer, insoluble in water; ex: glycogen / cellulose

Lipids – (2:1 H/O ratio) 3 FA bonded to glycerol; chief means of food storage

· Major component of adipose tissue

· Steroids, waxes, carotenoids, porphyrins 

Proteins - polymers of AA joined by peptide bond / 1* = AA sequence, 2* = folding (alpha beta)
· Hormones (ACTH & insulin), Enzymes, structural pro (collagen), transport (hemoglobin), antibodies
Enzymes – lower activation E & inc. rate of rxn / do not affect overall E
· Higher temp = inc enzyme action / optimal pH = 7.2 (except pepsin & pancreas)

· Competitive inhibitors compete w/ substrate for binding at ACTIVE site; can be overcome by adding more substrate; Vmax not affected

· Noncompetitive inhibitors bind at allosteric site; diminishes Vmax

Prokaryotes – bacteria, cell wall, NO nucleus, NO memb-bound organelles, ribosomes (no mem), mesosomes (invaginations of membrane)
Eukaryotes – cell wall in fungi & plants, nucleus, membrane-bound organelles

Centrioles – microtubule involved in spindle organization during cell division/ NO membrane

Centromere – near middle of eukaryotic chromosomes where spindle fibers attach
Lysosome – membrane bound, involved in ingestion / hydrolytic enzymes

Mitochondria – exhibit maternal inheritance
desmosomes = “spot welds”; attach cells together and give cells mechanical strength (ex. skin cells)

Tight junctions = seal the spaces b/w cells and prevent cell leakage (ex. intestinal cells)

Gap junctions = allow cells to exchange nutrients and for molecular communication
Endosymbiotic Theory – mitochondria and chloroplasts originated as independent unicellular organisms living in symbiosis with larger cells

Fluid Mosaic – lipids and proteins are free to move back and forth fluidly; diffuse laterally

· Integral Membrane are embedded in membrane by hydrophobic interactions
· Peripheral are stuck to integral membrane proteins by H bonding 

Cell surface Receptors – type of integral membrane protein; three types: ligand-gated (open ion channel), catalytic, and G-protein

G-Protein – use secondary messengers such as cAMP which amplify signal
Chapter 2 – Reproduction
S phase – replicate genome (create chromatids)

G1 & G2 phase – gap phases
Mitosis – 2N=>2N, occurs in all dividing cells; 10% of cell cycle
1. Interphase – replication of genetic material resulting in sister chromatids

2. Prophase – chromosomes condense; spindles form

3. Metaphase – chromosomes align at plate
4. Anaphase – sister chromatids separate; shortest phase
5. Telophase – new nuclear membranes form (cleavage furrow forms); spindles disappear
* sequence = S, G2, P, M, A, T, G1
* Plants lack centrioles and divide by cell plate not cleavage furrow

Meiosis – occurs in sex cells, homologous chromosomes pair at meta plate (tetrads), crossing over can occur, 2N=>N
· First Meiotic Division produces 2 daughter cells w/ N chromosomes w/ sister chrom

1. Prophase – chromatids of homologous chromosomes exchange genetic material (crossing over) 

2. Metaphase – tetrads align at plate (synapsis); each pair attaches to a separate spindle

3. Anaphase – homologous pairs pulled to opposite poles (disjunction) / distribution to the two daughter cells is random w/ respect to parental origin
4. Telophase – nuclear membrane forms around each nucleus

· Second division is very similar to mitosis. Note that only one becomes functional    gamete in females

chiasmata – X-shaped region b/w diff. chromatids of homologous chromosomes

kinetichore – specialized group of proteins and DNA on a chromatid to which several spindle microtubles are attached; found within the centromere of each chromosome

Synapsis – pairing of homologous of chromosomes during meiosis I
inversion – chromosomal segment turned 180o
Translocation – 2 nonhomologous chromosomes interchange genes (attachment of all or part of one chromosome to another)

***Mitochondria is an exception to the universality of the genetic code
Nondisjunction – failure of homologous chromosomes to separate during Meiosis I or sister chromatids to separate during Meiosis II; result in trisomy or monosomy; ex Down syndrome
Turner syndrome – sterile female lacking X chromosome

Klinefelter Syndrome = 44 autosomes + XXY
Asexual Reproduction – production of offspring w/o fertilization
· Binary Fission – prokaryotes; DNA replicates, wall grows inward along midwall; ex paramecia, amoebae, algae, bacteria
· Budding – develops as outgrowth, forms smaller cell; ex hydra & yeast

· Regeneration – regrowth of lost body part; ex starfish and hydra
· Parthenogenesis – unfertilized egg to adult egg; ex bees and ants

Gonads – male = testes, female = ovaries

Leydig cells – in the testes, secrete testosterone
Spermatogenesis – sperm production in seminiferous tubules; head = nucleus & tail = flagellum

acrosome – membrane-bound structure at the anterior end of sperm cells; contains hyaluronidase (hydrolytic enzyme that causes the breakdown of protective surfaces of the egg)

prostatic fluid – helps neutralize the acidic vaginal secretions to enhance sperms’ ability to swim; also neutralizes seminal fluid (too acidic from metabolic waste of sperm)
Oogenesis – oocytes produced in ovaries

capacitation – functional maturation of the spermatozoa while in the female, allows for egg penetration
Male Reproductive – path of sperm SEVEnUP (seminiferous tub, epididymis, vas deferens, ejaculatory duct, urethra, penis)

Female Reproductive – fallopian tube opens to uterus (narrow end called cervix), cervix connects with vaginal canal
The Menstrual Cycle - divided into follicular, ovulation, luteal, menstruation

· Follicular – FSH promotes development of follicle which secretes estrogen

· Ovulation- peak in estrogen=> LH surge=> ovulation (midway through cycle) => mature follicle bursts releasing ovum
· Luteal – LH induces follicle to develop into corpus luteum which secretes estrogen and progesterone (LH and FSH inhibited)

· Menstruation – If fertilized placenta produces (Human chorionic gonadotropin) hCG (estrogen + proges levels remain high) // If NOT fertilized, corpus luteum atrophies to corpus albicans (drop in estrogen + prog) and menstrual flow begins
Estrogen – thicken endometrium
Progesterone – development and maintenance of endometrial wall

Gametophyte generation – haploid & produce haploid gametes thru mitosis; sexually reproduce; ex mosses
Sporophyte generation – diploid but produces haploid spore by meiosis; ex ferns and angiosperms

Angiosperms - flowering plants; flower is reproductive structure
· Stamen – male organ; composed of stalk-like filament & sac-like anther (produces haploid spores that develop into pollen)

· Pistil – female organ; composed of stigma (catches pollen), style, and ovary
· Sepals – green leaves cover and protect flower bud during early development
· Fertilization – 
1 sperm nucleus + 1 egg  nucleus => zygote => embryo



1 sperm nucleus + 2 polar nuclei => 3n endosperm
· Seed formation – Epicotyl (precursor of leaves), Cotyledons (seed leaves), Hypocotyl (develops into lower stem and root), Endosperm (feeds embryo), Seed Coat (develops from outer covering of ovule)

Chapter 3 – Genetics
-Genes on the same chromosome will stay together unless crossing over occurs
-For a Dihybrid Cross make a punnet square that is 4X4. I.E. if the genotypes are TTPP and TtPp the four on top would be (TP TP TP TP) and on the side would be (TP Tp tP tp)
Incomplete Dominance – progeny phenotypes that are blends of parental phenotypes. Classic example is color in snapdragons (dominant red crossed with recessive white produce PINK)

Codominance – multiple dominant alleles; ex BLOOD ( o = ii, A = IAIA or IAi, AB = IAIB)

Sex-Linked Recessive – gene carried on X chromosome; ex hemophilia & color blindness
epistasis – occurs when one gene masks or modifies the expression of an other gene

pleiotrophy – single gene effects several phenotypic characteristics
Mutations – in somatic cells => tumors, in gametes => transmitted to offspring; insertion, deletion, substitution; ex sickle-cell anemia
Pyrimidines – CUT the PY; 1 ring
*Because G is triple bonded to C, higher G/C content more stable
*Nucleotides are H-bonded 
Redundancy/ Degeneracy – genetic code synonyms, multiple codons for same AA
nucleoside = sugar+base
Protein Synthesis – Replication => Transcription => Translation
· DNA synthesis occurs during S-phase. In G2 the cell prepares to divide. During G1, we see the production of mitochondria, ribosomes, and much protein synthesis. Ribosomes are assembled by the nucleolus.
· Replication – DNA => DNA synthesized in 5’=>3’; helicase unwinds double helix and an RNA polymerase called primase begins replication
· Transcription – DNA => RNA (nucleus), mRNA has inverted complementary code, ex 5’ TCTTT 3’ mRNA would be 3’ AGAAA 5’ **principal site of the regulation of gene expression
· Translation – RNA => Protein (cytoplasm); mRNA translated to AA

exons – nucleotide base sequences that are transcribed into mRNA ( proteins; Introns – are removed during transcription; (exons = don’t exit)
mRNA – carries complement of DNA from nucleus to ribosomes, least abundant RNA
tRNA – brings AA to ribosomes during synthesis, recognizes AA and codons; in cytoplasm; smallest form of RNA
rRNA – ribosomal RNA;  most abundant form of RNA
Ribosomes – two subunits; three binding sites: 1 for mRNA, 3 for tRNA
PCR technique – makes multiple DNA copies in vitro
X-Ray diffraction = most accurate way to discover molecular structures.
Polypeptide sequence – initiation (AUG), elongation, termination (UGA UAG UAA)
Gene Regulation – transcription enables prokaryotes to control metabolism

Inducible system – require inducer for transcription

· RNA polymerase binds to promoter => structural genes transcribed

· Repressor binds to operator => structural genes NOT transcribed
· Inducer binds to repressor => no binding to operator => genes transcribed

Repressible system – constant state of transcription unless corepressor- repressor complex present to inhibit

Bacteriophage – virus that infects host bacterium; attachment/ adsorption => penetration/ eclipse=> lytic or lysogenic
Lytic – phage DNA takes control of bacterium/ makes numerous progeny; bacterial cell bursts (lyses) releasing virons; these types of bacteriophage are called virulent; ALL HOST cells destroyed = evolutionary disadvantage
Lysogenic – becomes integrated into genome in harmless way (provirus/prophage); cleverness is that every time the host reproduces itself the prophage is reproduced too
Techoic acids – used for recognition and binding sites by bacterial viruses that cause infections
Chapter 4 – Embryology

Cleavage – results in progressively smaller cells (inc ratio of nuclear-to-cytoplasm & surface-to-volume ratio of each cell which improves gas exchange)
· As cell division continues solid ball of cells called morula forms

· Blastulation occurs when morula develops cavity called blastocoel
· By fourth day becomes hollow sphere of cells called blastula
· on 6th day, blastocyst (AKA blastula) begins implantation into the uteral endometrium

· little increase in size occurs during gastrulation
Gastrulation – single cell layer of blastula transforms into three-layered gastrula

· Ectoderm – Nervous system, integument (epidermis & hair / epithelium of nose, mouth, anal canal), lens of eye, retina, teeth, neural tube
· Mesoderm – musculoskeletal, circulatory system, excretory system, gonads, connective tissue, portions of digestive & respiratory, notochord
· Endoderm – epithelial lining of digestive & respiratory, parts of liver, pancreas, thyroid, and bladder lining

induction – process in an embryo in which one tissue causes another to differentiate
Embryonic Membrane (Eggs) – Chorion (moist membrane =>** gas exchange), Allantois (sac-like involved in respiration and excretion/ blood vessels for transport), Amnion (amniotic fluid)
chorionic gonadotropin hormone – secreted by the chorion (when it becomes part of the placenta) and helps maintain the Corpus Luteum (which secretes progesterone to maintain uterine lining)
Placental Internal Development – growing fetus receives oxygen directly from mother through specialized circulatory system (supplies O2 + nutrients / removes CO2 and wastes)

· Placenta and umbilical cord are outgrowths of the four extra-embryonic membranes – amnion, chorion, allantois, yolk sac

Labor – cervix thins out and dilates, amniotic sac ruptures, rapid contractions followed by birth, then uterus expels umbilical cord and placenta

Chapter 5 – Vascular Systems in Plants and Animals

hemoglobin – binds CO w/ much greater affinity than myoglobin

Myoglobin = single chain, stores O2 in muscle

- Blood flow: aorta => arteries => arterioles => capillaries => venules => veins
Capillaries – single layer walls; exchange of gases, nutrients, and cellular wastes
Atria – upper chambers of heart
Ventricles – lower chambers of heart

-Right Side of heart pumps deoxygenated blood into pulmonary circulation

-Left Side of heart pumps oxygenated blood into systematic circulation 

pulmonary vein & umbilical vein – carry oxygenated blood (unlike other veins)

Ductus venosus – allows blood to bypass the liver

Foramen ovale – allows blood to bypass pulmonary circulation by entering the left atria directly from the right atria

Ductus arteriosus – conducts some blood from the pulmonary artery to the aorta (bypassing the lungs)
Lymphatic System – collect interstitial fluid and return it to circulatory system maintaining balance of body fluids; second function: collect chylomicrons from small intestine; can initiate an immune response against anything foreign 
Interstitial fluid – main component of extracellular fluid of multicellular animals; has a diff. composition depending on type of surrounding tissue & area of the body
Blood is composed of both liquid (55%) and cellular components (45%)

· Plasma is liquid portion – mix of salts, gases, wastes, hormones

· Erythrocytes (red blood cells) – come from stem cells in bone marrow; oxygen carrying component; contains tons of hemoglobin; phagocytized after 120 days

· Leukocytes (white blood cells) – protective functions; some phagocytize foreign matter, others migrate from blood to tissue; ex macrophages and lymphocytes 
· Platelets – cell fragments, lack nuclei; involved in clot formation; come from fragmentation of large bone marrow cells called megakaryocytes
Clotting – platelets that come into contact w/ exposed collagen release chemical that adheres platelets to one another forming a PLUG. This causes thromboplastin to convert prothrombin => thrombin; thrombin converts fibrinogen => fibrin; fibrin coats damaged area and traps blood cells to form a CLOT

Cardiac Output (CO) = SV (stroke volume) X HR (heart rate)

· Stroke volume = volume of blood discharged from the ventricles with each contraction. 
· Cardiac output = volume discharged from ventricle each minute. 
· Stroke volume = end systolic volume – end diastolic volume.
Sodium-Calcium Channel – when open allow both Na+ & Ca2+ down gradient; stay open longer than fast sodium channels; causing membrane depolarization to last longer in cardiac musc

intercalated disks – hold together adjacent cells of cardiac muscle, allow cardiac muscles fibers to transmit electrical impulses rapidly (disks have low resistance to impulses)
Immune system – composed of two mechanisms; humoral and cell mediated

Humoral – production of antibodies; ** humoral doesn’t joke around, its really “anti-humoral” (humoral = antibodies)** Antibodies are also called immunoglobulins [5 classes of immunoglobulins – IgM, IgA, IgD, IgE, IgG (MADEG)]; they are complex proteins that bind to specific antigens
1. Binding of an antibody may directly inactivate the antigen

2. Binding of antibody can induce phagocytocis by macrophages

3. Antibodies on surface can activate the complement system to form holes in the cell membrane and lyse the cell

· “complement” system – chemical defense system to destroy microorganisms, complements immune system; serum proteins
· Cell Mediated – involves cells that combat fungal and viral infection; T helper cells activate B cells & T Killer cells; T helper is central controller of immune system
· Innate  – Skin, macrophages engulf foreign material, inflammatory response (injured cells release histamine which causes blood vessels to dilate)
· interferons – small proteins made by most body cells after a viral attack; class of glycoproteins called cytokines; produced in response to bacterial, parasitic, and foreign agents, including tumors
Macrophages – large white blood cells derived from monocytes, engulfs antigen and presents it to T cells 
mast cells = histamine release

Plasma cells = antibody production
neutrophils – phagocytic cells (do NOT develop into macrophages)

ABO blood types – Type AB = universal recipient / Type O = universal donor

Phosphate buffer system – maintains pH of internal fluids of all cells; H2PO4- and HPO42- act as acid & base; amphoteric

Bicarbonate buffer – maintains pH of extracellular fluid; HCO3- & H2CO3, amphoteric 
Rh factor – another antigen that can be present on red blood cells / + or -/ can lead to pregnancy issues if the mother carries anti-Rh antibodies
Translocation – circulation in plants
gibberlins – plant hormones that may induce certain plants to flower & stem elongation

ethylene – stimulates fruit ripening

abscisic acid – inhibitor of plant growth hormones

cytokinins – plant hormones that promote cell division

Xylem – thick walled; carry water and minerals UP plant / 3 mechanisms 

· Transpiration Pull – vacuum created from water evaporation on leaves
· Capillary action – liquid rises due to surface tension and interactions b/w liquid and tube
· Root Pressure – water enters and pressures the water up the stem
Phloem – thin walled; on outside of vascular bundle; transport nutrients DOWN

Cambium – two layers thick; undifferentiated cells, give rise to xylem/ phloem; type of meristem

Fibrovascular bundle – xylem, phloem, and cambium layers

Meristem – actively dividing, undifferentiated cells

Chapter 6 – Endocrinology
Endocrine – synthesize and secretes hormones into bloodstream
Exocrine – secrete substances into ducts

apocrine gland – gland that responds to stress (ex. sweat glands)

Eccrine gland – gland responsible for maintenance of body temperature (ex. sweat glands)
Peptide Hormones – synthesized into the rough ER & modified in the Golgi; cannot cross mem

Steroid Hormones – synthesized from cholesterol in smooth ER; hydrophobic = freely diffuse 
Adrenal Cortex – located below chest and release corticosteroids


· Glucocorticoids – RAISE blood GLUCOSE by promoting gluconeogenesis / ex cortisol and cortisone
· Mineralcorticoids – regulate PLASMA levels of Na+ and K+ / ex  aldosterone causes active reabsorption of Na+ passive reabsorption of water – RAISES blood PRESSURE and VOLUME
· Cortical sex hormones – androgen
Adrenal Medulla – epinephrine and norepinephrine increase conversion of glycogen to glucose => RAISE blood GLUCOSE and BMR / “fight or flight”
Anterior Pituitary – synthesize direct hormones (PEG) and tropic hormones (FLAT)

1. Direct hormones – have a direct effect
· Prolactin – stimulates milk production

· Endorphines – inhibit pain

· Growth Hormone (GH) – promotes bone and muscle growth

2. Tropic Hormones – stimulates other glands to secrete hormones
· FSH – causes maturation of follicles which secrete estrogen (females); maturation of seminiferous tubules (males)

· LH – stimulates ovulation and formation of corpus luteum (females); stimulates interstitial cells to secrete testosterone (males)

· ACTH – stimulates adrenal cortex to release glucocorticoids/ *regulated by CRF
· TSH – stimulates thyroid gland to stimulate and release thyroid hormone
Posterior Pituitary – stores and releases peptide hormones oxytocin and ADH
· Oxytocin – increases strength of uterine contractions / milk secretion
· ADH – increases permeability of the nephron’s collecting duct to water
Hypothalamus – part of forebrain; regulate pituitary gland secretions 

· GnRH – stimulates anterior pituitary to secrete FSH and LH

· ADH and oxytocin are synthesized here

Thyroid – bi lobed structure; secretes: thyroxin, triiodothyronine, and calcitonin

· Thyroxin and Triiodothronine -  necessary for growth & neurological development

· Calcitonin – TONES down Ca2+ by inhibiting its release from bones

· Disorders

· Achondroplasia = dwarfism = autosomal dominant

· Progeria = autosomal recessive = premature aging (ex. before age 10, has arthritis)

Parathyroid – synthesize and secrete PTH which increases Ca2+ by decreasing excretion of it in kidneys

Pancreas – is both exocrine and endocrine organ
· Exocrine: cells that secrete digestive enzymes into small intestine via ducts

· Glucagon - protein + fat degradation, promotes gluconeogenesis and conversion of glycogen to glucose; RAISE blood GLUCOSE; alpha cells
· Insulin – stimulates uptake of blood glucose by muscle and adipose tissue/ LOWERS blood GLUCOSE/ lack of insulin = hyperglycemia; Beta cells
Chapter 7 – Neuroscience
Neuron – consists of several dendrites, single axon and cell body

Dendrites – receive information and transfer it TO CELL body
Axon – transfers impulses AWAY from cell body

Glial Cells – produce myelin

· Oligodendrocytes – produce myelin in CNS
· Schwann – produce myelin in PNS
** At rest neuron is polarized (-70 mV)

** Concentration of K+ higher INSIDE cell // Na+ higher OUTSIDE cell

Threshold – level at which action potential is initiated (-50 mV)

Depolarization – voltage-gated Na+ channels open allowing Na+ to rush in
Repolarization – voltage-gated K+ channels open so K+ rush out; more negative potential; K+ channels are slow and stay open longer; once cell is repolarized, K+ leak channels open
**Greater diameter & more heavily myelinated axons will propagate faster impulses 

** Synaptic vesicles fuse w/ presynaptic membrane => neurotransmitter => postsynaptic 
** Neurotransmitter may be taken back into nerve terminal, degraded by enzymes in synapse, or diffuse out of the synapse 

*** Acetylcholine = primary neurotransmitter of parasympathetic NS; excitatory and inhibitory on muscles and glands

***Norepinephrine = primary neurotransmitter of sympathetic NS
Afferent Neurons – carry SENSORY info about enviro TO brain (from A to B / Aff => brain)

Efferent Neurons – MOTOR commands from BRAIN to BODY

CNS – consists of the brain and spinal cord

Brain – grey matter (cell bodies) and inner white matter (axons); forebrain, midbrain, hindbrain

Forebrain – contains cerebral cortex (processes sensory input / imp for memory and creative thought), olfactory bulb, thalamus (relax for cerebral cortex / spinal cord), hypothalamus (water balance, blood pressure, and temp regulation)
Midbrain – visual/ auditory impulses; motor control
Hindbrain – posterior part of brain; cerebellum (maintenance of balance, hand-eye coord, timing of rapid movements), pons (relay center to allow communication b/w cortex and cerebellum), medulla (breathing, heart rate, gastrointestinal activity)
PNS – somatic and autonomic nervous systems
· Somatic – responsible for VOLUNTARY movement

· Autonomic – involuntary movement; innervates cardiac and smooth muscle

· Sympathetic – fight or flight (higher BP and HR)

· Parasympathetic – rest and digest (lower HR / increased gut motility)

Eye – cornea (focuses light) => pupil (diameter controlled by iris {pigmented}) => lens (controlled by cilliary muscles) => retina
** myopia – nearsightedness 
Ear – outer, middle and inner ear; transduces sound energy into impulses
· Outer ear – auricle and auditory canal

· Middle ear – amplifies sound; tympanic membrane (eardrum) vibrates at same frequency as incoming sound => ossicles (malleus, incus, and stapes)

· Inner Ear – vestibular apparatus (equilibrium) and cochlea (vibration of ossicles ecert pressure on fluid stimulating hair cells in basilar membrane => action potential)

Chapter 8 – Respiration
Glucose Catabolism – oxidative breakdown of glucose; two stages are glycolysis and respiration

Glycolysis – breakdown of 1 glucose => 2 pyruvate in CYTOplasm

· Glucose => 2Pyruvate + 2ATP + 2NADH + 2H +2H20

· Phosphofructokinase (step 3) – rate determining step; ATP consumed

· Step 4 where fructose splits into 2 PGAL molecules

Fermentation – anaerobic conditions; NAD+ must be regenerated; produces only 2ATP per glucose

Cellular Respiration – can yield 36-38 ATP; O2 is final acceptor // PDC, CAC, ETC
· PDC – mito MATRIX; CO2 is lost; NAD+ reduced to NADH

· Citric Acid Cycle – Krebs cycle 




 2Acetyl-CoA => 4CO2 + 6NADH + 2FADH2 + 2GTP + 4H +2CoA
· ETC – also called OXIDATIVE phosphorylation INNER mito MEMbrane; electrons transferred from NADH and FADH2 to oxygen; cytochromes are the carrier molecules with Fe in functional unit
Eukaryotic ATP production / glucose

*glycolysis (6 ATP)


2ATP invested

-2 ATP


4ATP generated

+4 ATP


2NADH X 2

+4 ATP

*PDC (6 ATP)


2NADH X 3

+6 ATP

*CAC (24 ATP)


6NADH X 3

+18 ATP


2FADH2 X 2

+4 ATP


2GTP X 1

+2 ATP





_________

TOTAL



+36 ATP



**When glucose runs low, body utilizes the following in order: other carbs (glycogen in liver), fats, proteins (only when carbs and fats gone)

** Fats are stored in adipose tissue as triglyceride / hydrolyzed by lipases to fatty acids / carried by blood to tissues/ must be activated / GREATEST ATP yield / synthesized in cytosol / B-oxidation in mitochondrial matrix
Cori cycle – converts lactate back to glucose

Glyoxylate cycle occurs in plants & bacteria.
Alveoli – where gas exchange between the circulatory system and the lungs occurs; surfactant reduces the surface tension
Inhalation – diaphragm contracts/ flattens; increase in volume / decrease in pressure in lungs

· nasal cavity ( trachea ( bronchus ( bronchiole ( alveoli
Exhalation – passive process; decrease in volume/ increase in air pressure; diagphram expands
Bohr effect – hemoglobin unloads O2 under conditions of low pH (high CO2 & [H+])

*Oxygen diffuses from alveolar air into blood 

Chapter 9 – Autotrophic Nutrition
Chloroplast – plastid containing chlorophyll pigment and thylakoid membranes; photosynthesis 
Thylakoid Membrane – network of membranes; contains chlorophyll; stacked into columns called grana, high H+ w/i during chemiosmosis
Photosystem – light capturing unit of the thylakoid; center is a single chlorophyll

Photosynthesis – involves reduction of CO2 to carb and release of O2 from water; net reaction is reverse of respiration
Light Reactions – convert solar energy to ATP and NADPH
· Cyclic e Flow – series of redox reactions returns electrons to P700; ATP prod

· Noncyclic – KEY pathway; high-energy electrons are transferred to electron acceptor NADP+; net result is production of NADPH and ATP / photolysis of water

Dark Reactions – use ATP and NADPH to reduce CO2 to carbs (CO2 fixed to RBP – Calvin cycle) ; product is three carbon PGAL; six turns of the cycle (6 CO2 and 6 RBP) = 12 PGAL; 12PGAL can be converted to 1 glucose + 6RBP; PGAL = prime end product (immediate food nutrient)
Leaf – site of photosynthesis; several adaptations for efficiency

· Waxy Cuticle – reduce transpiration and conserve water
· Casparian strip – waxy band in plants that aid in water control
· Spongy Layer – moist surface necessary for diffusion of gases
· Guard Cells – surround stomata and control its size; open during day; contain chloroplasts thus produce glucose; high glucose content causes cell to swell and open
Nitrifying Bacteria – oxidize ammonia and nitrites to nitrates and use the energy to make glucose; plants use the nitrates to make proteins

Chapter 10 – Muscles and Locomotion
Cartilage – type of connective tissue that is softer and more flexible than bone; ear, nose, joints; formed from mesenchyme tissue ( chondrocytes ( produce collagen, ground substance, & elastin fibers 
Bone – mineralized connective tissue that is hard and elastic; compact and spongy

· Compact Bone – dense bone that does not appear to have cavities; bone matrix is deposited in osteons with a central microscopic channel called a Haversian canal surrounded by concentric circles of bony matrix called lamellae
· Spongy Bone – less dense and consists of an interconnecting lattice of bony spicules; filled with red / yellow bone marrow; (yellow is full of adipose tissue)

epiphyseal plates – where bone growth occurs in long bones
Osteoblasts – BUILD bone; mature into osteocytes
Osteoclasts – destroy bone; bone resorption

Endochondral Ossification – existing cartilage is replaced by bone; LONG bones

Intramembranous Ossification – messenchymal (embryonic, undifferentiated) connective tissue is transformed into and replaced by bone

Axial Skeleton – skull, vertebral column, and rib cage
Appendicular Skeleton – bones of the appendages and pectoral and pelvic girdles 

Sutures – immovable joints; hold skull together

Ligaments – connect bone-to-bone

Tendons – muscle-to-bone

Origin – point of attachment of stationary bone

Insertion – point of attachment of movable bone

Sacromere – is composed of thin filaments (actin) and thick filaments (myosin)

Contraction – action potential conducted along sarcolemma and T system => into muscle fiber => sarcoplasmic reticulum release Ca+ ions => contraction of sacromere

· During contraction H & I bands reduce in size // A band does not

· Strength of contraction can be increased by recruiting more muscle fibers

Simple Twitch – response of a single muscle fiber to brief stimulus; latent, contraction, relax
· Latent period – time b/w stimulation and onset of contraction; lag

· Contraction

· Relaxation – absolute refractory period; unresponsive to stimulus

Tetanus – continuous contractions; so frequent that the muscle cannot relax; stronger than twitch

Tonus – state of partial contraction

Skeletal Muscle – voluntary movement; each fiber is multinucleated; striations of light/dark bands; mitochondria is very abundant 
Smooth Muscle – involuntary movement; myogenic; ONE central nucleus; LACK striations; ex lining of bladder, uterus, digestive tract
Cardiac Muscle – striated appearance (sacromeres); myogenic; one or TWO central nucleus

Myogenic – capable of contracting without stimulation from nerve cells

Chapter 11 – Digestion

pharynx – where food and air passages cross
Salivary Amylase – enzyme in saliva which hyrdrolyzes starch to maltose (disaccharide)
Goblet Cells – specialized epithelial cells that secrete mucus
Stomach – churning produces acidic semi-fluid mixture called chyme; secretes pepsin and HCl (activates certain proteins and kills bacteria)
Pepsin – protein hydrolyzing enzyme; secreted by chief cells
parietal cells – secrete HCL, intrinsic factor (B-12 absorption)

Cholecytoskinin (CCK) = hormone made by cells of duodenum, stimulates bile release
Enterogastrone – produced in the duodenum; inhibits stomach gland secretion and slows stomach’s muscular movement when fatty food is in the intestine (more time for digestion)

G-cells – secrete the hormone gastrin which stimulate the HCL production of parietal cells; innervated by vagus nerve, found w/i gastric glands of stomach
Mucus – protects stomach from acidic environment (pH = 2)

Small Intestine – chemical digestion completed here; duodenum, jejunum, ileum; villi are used for absorption (contain capillaries and lacteals) / active absorption (glucose, AA) and passive

· Most digestion done in duodenum –  secretes secretin which causes pancreas to secrete buffer (HCO3- )0 secretions of intestinal glands, pancreas, liver and gall bladder mix
· Intestinal mucosa secretes lipases (fat digestion), aminopeptidases (polypeptide digestion), and disacchiridases (breakdown of maltose, lactose, sucrose)

· Portal vein – directs glucose and other monosaccharides to the liver from the intestinal tract
Liver – albumin synthesis, bile production, destruction of worn-out old red blood cells, converts nitrogenous waste into urea, glycogen storage
Bile – emulsifies fat; contains no enzymes; exposes greater surface area of fat to lipases

Pancreas – produces amylase (carb digestion), trypsin (protein digestion), and lipase (fat digestion); secretes BICARBONATE juice that neutralizes chime
· Endocrine pancreas – glucagon, insulin, and somatostatin

Large Intestine (colon) – functions in absorption of salts/ water not absorbed by small intestine
· Bacteria in large intestine = main source of vitamin K.
Chapter 12 – Excretion
Kidney – composed of one million nephrons; outer cortex, inner medulla, and renal pelvis 
· ureter – where urine leaves kidneys
Nephrons – composed of renal corpuscle and renal tubule; reabsorbs nutrients, salts, and water
· Renal corpuscle – glomerulus (sieve) surrounded by Bowman’s capsule

· Renal tubule – proximal convoluted tubule, loop of Henle, distal convoluted tubule, collecting duct

Urine Formation – filtration, secretion, and reabsorption
· Filtration – fluid that goes through glomerulus (afferent arteriole => glomerulus => efferent) to the rest of the nephron is called filtrate; particles that are too large to filter through (blood and albumin) remain in circulatory system; passive process; driven by hydrostatic pressure of blood

· Secretion – substances such as acids, bases, and ions (K+) are secreted by both passive / active transport; secreted from peritubular capillaries 

· Reabsorption – glucose, salts, AA, and water are reabsorbed from filtrate & return to blood; takes place namely in PROXIMAL convoluted tubule (active)

· Concentration – when dehydrated volume of fluid in bloodstream is low so you need to make small amounts of concentrated urine => ADH prevents water loss by making distal tubule permeable to water /// when Blood Pressure is low => aldosterone increases reabsorption of Na+ by distal nephron which increases water retention (serum [Na+] increases BP)

** Selective permeability of the tubules establishes an osmolarity gradient in the surrounding interstitial fluid

*** Urine is hypertonic to the blood and contains a high urea and solute concentration.
Osmolarity Gradient – created by exiting / entering of solutes; increases from cortex to medulla

Counter Current Multiplier - descending loop permeable to water & ascending is permeable to salts / ions; this makes the medulla very salty and facilitates water reabsorption
Chapter 13 – Animal Behavior
Simple Reflex – controlled at spinal cord by a two neuron pathway (receptor => motor)

Fixed Action Pattern – innate behavioral responses to specific patterns of stimulation

Releaser – stimulus that elicits the behavior of a fixed action pattern
Reticular Activating System – startle response; cocktail party effect 
Habituation – repeated stimulation results in decreased responsiveness; simplest learning pattern

Classical (Pavlovian) Conditioning – association b/w normally autonomic response with an environment stimulus

· Unconditioned stimulus (food); unconditioned response (salivation)

· Neutral Stimulus (becomes conditioned stimulus); conditioned reflex

Operant Conditioning – involves conditioning responses to stimuli with the use of reward or reinforcement; BF Skinner
· Positive Reinforcement – animal rewarded for certain behavior; much MORE likely to repeat behavior; likely to result in normal habit forming
· Negative Reinforcement – rewarded for LACK of certain behavior; LESS likely to repeat behavior; negative connection b/w action and reward

· Punishment – conditioning so that an organism will stop exhibiting a given behavior; organism is LESS likely to repeat response

Extinction – gradual elimination of response; “unlearning”
Imprinting – environmental patterns/ objects presented to a developing organism during the “critical period” become accepted permanently as an element of their behavior; ex duckling

Critical Period – time periods during early development when organism is able to develop specific behavioral patterns

Releaser Pheromones – trigger a reversible behavioral change in the recipient

Primer Pheromones – produce long term behavioral/ physiological alterations in recipient

Chapter 14 – Ecology
Community – population of different plant and animal species interacting with one another
Ecosystem – encompasses the interaction b/w living biotic communities and the non-living environment

Niche – defines the functional role of an organism in its ecosystem; where it eats, where it obtains food, what climatic factors are optimal, nature of its predators, etc...; every species has diff niche

Autotrophs – manufacture their own food; plants and some bacteria
Heterotrophs – must depend on other organisms to obtain food and energy

· Herbivores, carnivores, and omnivores

Symbiosis – intimate, often permanent association b/w two organisms; may or may not be beneficial; some may be obligatory (one organism cannot survive w/o the other)

1. Commenalism – one benefits, the other is unaffected

a. Remora and shark – remora gets food shark discards

b. Barnacle and Whale – barnacle gets wider feeding opportunities 

2. Mutualism – both organisms benefit

a. Tick bird and Rhinoceros – bird gets food (ticks) and rhino loses ticks

b. Lichen (fungus + algae) – algae produces food for itself and fungus; fungus provided CO2 and nitrogenous wastes

c. Nitrogen Fixing Bacteria and Legumes – legumes provides nutrients for bacteria and bacteria fixes nitrogen

d. Protozoa and Termites – protozoa digests cellulose for termites, termites protect and provide food

e. Intestinal Bacteria and Humans – bacteria utilized food and provide vitamin K
3. Parasitism – benefits at the expense of the host; bacteria and fungi; live with minimum expenditure of energy

a. Virus and Host cell – all viruses are parasites

b. Disease Bacteria and Animals – diphtheria is parasitic upon man; anthrax on sheep; tuberculosis on cow or man

c. Disease Fungi and Animals – ringworm is parasitic on man

d. Worms and Animals – tapeworm and man

Saprophytism – protists and fungi that decompose dead organic matter externally 
Freshwater Fish – live in hypoosmotic environment which causes excess intake of water; thus the fish seldom drink and excrete dilute urine

**Heat loss is retarded by adaptations like fat, hair, and feathers

Producers – autotrophic green plants; always initial step in food chain
Primary Consumers – animals which consume green plants; herbivores

Secondary Consumers – consume primary consumers; carnivores

Tertiary – animals that feed on the secondary

Nitrogen Cycle – decay, nitrifying, denitrifying, nitrogen-fixing

· Decay – nitrogen in the form of NH3 is released from dead tissues
· Nitrifying – convert NH3 => NO2 (nitrite) => NO3 (nitrate)

· Denitrifying – convert NH3 => N2 then Nitrogen Fixing => NO3
Ecological Succession – orderly process by which one biotic community replaces another until a climax community is established
Climax Community – ecological steady state

Tropical Rain Forest biome – jungles; high temp and torrential rains; epiphytes and saprophytes

Temperate Deciduous Forest Biome – cold winters, warm summers; beech, maple, oaks

Temperate Coniferous Forest Biome – cold, dry; fir, pine, spruce; adapted for water conserving
Taiga Biome – long, cold winters; spruce, moss, lichen; extreme north of Canada

Tundra Biome – treeless, frozen plain; lichen, moss, polar bears

rain shadows – represent a reduction in rainfall on the leeward side of a high mountain
Chapter 15 – Classification
Kingdom Monera (bacteria) – prokaryotes that reproduce Asexually; circular DNA (transcription and translation occur in same place at same time); cell wall made of peptidoglycan which contains D-alanine (animal AA have L-configuration**) ; Gram-positive have thick peptidoglycan; Gram-negative have thin peptidoglycan but have additional outer layer; three mechanisms for acquiring new genetic material : transduction (use of lysogenic phage). Transformation, Conjugation (once cell copies DNA => transferred through bridge/ F+ is male)
· Cyanobacteria – called blue-green algae (NOT same algae from protista); cell wall and have photosynthetic pigments; NO flagella, NO nucleus, NO mito

· Other Bacteria – single loop of DNA; can be round (cocci), rods (bacilli), or spiral (spirilla) 

Kingdom Protista – unicellular eukaryotes; membrane bound nucleus and organelles 

· Protozoa – rhizopods (amoebas) move w/ pseudopods; cilliophors move w/ cilia; ex. Paramecium, green algae, Volvox
· Algae – photosynthetic; ex phytoplankton and euglena (move w/ flagellum)

Kingdom Fungi – heterotrophs; may be saprophytic or parasitic; ex yeast, lichen, mushrooms; reproduce sexually (haploid adults) or asexually (spore formation, budding, fragmentation)
· hyphae – branching filament of fungi, most are divided by septa (perforated w/ holes large enough for organelles), collectively known as mycelium
· Classes: zygomycetes (ex. bread mold), basidiomycetes (ex. mushrooms), ascomycetes (ex. sac fungi)
Kingdom Plantae – photosynthetic autotrophs; differentiation of tissues (photosynthetic, supportive, vascular, absorptive); alternation of generations (reproduction)
1. Division Bryophyta – simple plants; must live in moist places; gametophyte is dominant; sporophyte develops into archegonium; NO xylem

i. Mosses – primitive; gametophyte and sporophyte grow together
ii. Liverworts – leaf-like plant; consists of lower part (rhizoids), middle part (food storage), upper part (photosynthetic)
2. Division Tracheophyta – vascular plants, radial symmetry; grow to great heights; sporophyte dominant

i. Psilophytes – most primitive; contain rhizoids instead of roots

ii. Lycophyta – club mosses; roots, non-woody

iii. Sphenophytes – horsetail; roots, hollow-jointed stems

iv. Pterophyta – fern; evolved from psilopsids, many vascular bundles; sperm are flagellated; grow from rhizome; sporangium is under leaves

3. Division Coniferophyta – gymnosperms (naked-seeded plants); megaspores (large female cones) and microspores (small male cones); specialized cambium tissue allows for secondary growth; gymnospoerms can grow in diameter as well as length
a. Cycads, pines, spruce, firs – (most are evergreens / nondeciduous 
4. Division Anthophyta – angiosperms; covered seeds; most abundant of all plants

a. Dicotyledons (net veined leaves) and Monocotyledons (leaves w/ parallel veins)

Kingdom Animalia – multicellular, motile, heterotrophic organisms w/ differentiated tissues; most have bilateral symmetry; all employ some form of locomotion
1. Porifera – sponges; two layers of cells; have pores; sessile

2. Cnidarians – jellyfish, coral, hydra; digestive sac sealed at one end; net nerves; two layers of cells (ectoderm/ endoderm); RADIALLY symmetrical 
a. cnidoblasts – specialized cells located in the tentacles and bodywalls of coloenterates; interior of cnidoblasts filled with stinging cells (nematocysts)
3. Platyhelminthes – flat worm; bilaterally symmetrical; 3 layers of cells (solid mesoderm); NO circulatory system; nervous system consists of eyes, anterior brain ganglion & longitudinal nerve cords

4. Nematoda – round worms; long digestive tubes & anus; solid mesoderm; NO circulartory system; nerve cords and nerve ring

5. Annelida – earthworms; possess coelom (true body cavity – in mesoderm); well defined systems including nervous, circulatory, and excretory

6. Mollusca – clams; softbodied & posses mantles which secrete calcareous (calcium carbonate); breathe by gills; chambered hearts; nerve chords

a. Class Gastropoda – largest Molluscan class; ex. slugs & snails; characterized by single shell
b. Class Cephalopoda – octopus and squid
7. Arthropoda – insects, spiders, crustaceans (lobster); jointed appendages, chitinous exoskeleton, and open circulatory

8. Echinoderms – starfish; RADIALLY symmetrical; regeneration; evolutionary evidence suggesting a link b/w echinoderms and chordates

9. Chordates – notochord; lancelets & tunicates & amphoxius (not vertebrates because retain notochord)

a. Fish – possess 2 chambered heart; gills; external fertilization
i. Jawless – sucking mouth; retain notochord; primitive (Agnatha)
ii. Cartilaginous – jaws and teeth; reduced notochord; ex shark (chondrichthys)
iii. Bony – most prevalent; lack notochord; ex trout (Osteichthys)

b. Amphibia – tadpole; has lungs; 3 chambered heart; external fertilization; eggs are laid in water w/ jelly like secretion

c. Reptiles – lungs; internal fertilization; cold blooded

d. Birds – warm blooded; 4 chambered heart

i. long Loop of Henle = concentrated urine = uric crystals
e. Mammals – warm blooded; feed offspring w/ milk from mammary glands
Chapter 16 – Evolution

Evolutionary order: bryophytes ( gymnosperms ( angiosperms
adaptive radiation = divergent evolution

allopatric speciation – forming of a new species through the geographic isolation of groups from the parent population (alla-geo)

Homologous Structures – same evolutionary origin; same basic anatomical feature; ex wings of bat, flipper of whale, forelegs of horses, arms of man
Analogous Structures – DIFFERENT origins; have similar functions w/ different patterns of development; wings of fly and wings of bird

Comparative Embryology – stages of development of embryo resemble stages in an organism’s evolutionary history; human embryo passes through stages that demonstrate common ancestry – 2 layer gastrula of hydra (cnidaria) and 3 layer gastrula similar to flatworm
Vestigial Structures – structures that appear to be useless but had ancestral function; ex humans (appendix and tail), horses (splints), python (legs reduced to bones)

Mullerian mimicry - two or more harmful species that are not closely related, and share one or more common predators, have come to mimic each other's warning signals
Batesian mimicry – deceptive; harmless species has evolved to imitate the warning signals of a harmful species directed at a common predator
Lamarckian Evolution – he was wrong; amount of change based on “use and disuse” of the organ; “inheritance of acquired characteristics” (useful characteristic of one generation was transmitted to the next)

Darwin’s Theory of Natural Selection – pressures in the environment select for the organism most fit to survive and reproduce

· Chance variations occur b/c of mutation and recombination

· If the variation is “selected for” by the environment, that individual will be more “fit” and more likely to survive and reproduce

· Survival of the Fittest leads to an increase of favorable genes in the gene pool

Gene Pool – all the alleles for any given trait in the population

Hardy Weinberg Principal – evolution can be viewed as changing gene frequencies within a population; when gene frequency NOT changing => gene pool stable => NO evolution; this only happens under the FOLLOWING IDEAL situation:

1. Population is very LARGE – (no change in allele frequency – random drift)
2. NO mutations that affect gene pool

3. Random mating

4. NO net migration in/ out of population

5. NO natural selection - Genes in population are all equally successful in reproducing

** Certain equilibrium exists so we can use Hardy-Weinberg equation:



p2 + 2pq + q2 = 1


 
p2 = frequency of TT // 2pq = frequency of Tt // q2 = frequency of tt

K-selected population – members have low reproductive rates and are roughly constant in size (ex. human population)

R – selected population – rapid growth, numerous offspring, fast maturation, little postnatal care (ex. bacteria)
Stanley L. Miller – demonstrated that the application of uv, heat, or a combination of these to a mix of methane, hydrogen, ammonia, and water could result in complex organic compounds; primordial soup
· early atmosphere = CONHS (NH3, H2S, CH4)
Misc.
· stem cells produce lymphocytes by mitosis.
· Glycine is the only optically inactive amino acid, since it has no chiral carbons.

· pKa = half-equivalence pH. Amino acid deprotonates @ higher pH & becomes protonated @ lower pH.

· gout – uric acid crystals deposit in tissues (ex. big toe)

· Diabetes insipidus – caused by insufficient vasopressin production
· PKU diseases – high amt. of the amino acid, phenylalanine, in blood; can cause mental retardation

· Hashimoto’s disease – involves thyroid

· Tay Sachs disease – lysosomal defect

· In a warmer environment, the organism will want to increase its % of unsaturated fatty acids, so that fatty acids will be more fluid and the melting point will decrease. 

· Prokaryotes lack cholesterol in their membranes, unlike eukaryotes.

· hemizygous – only having one copy of a chromosome

· Barr body – inactivated X chromosome

· activity of sweat glands decrease as we age

· as body temperature increases, blood vessels dilate
· fertilization membrane – tough protective envelope developed by the sea urchin as a block to polyspermy

· Arterioles offer the greatest resistance to blood flow in the circulation.

· If the phenotype “skips” generations be suspicious of an autosomal recessive disorder. However if there is no skip, it is most likely an autosomal dominant disorder. Be suspicious for X-linked recessive, if a father doesn’t have the phenotype, none of his daughters display it.

· Early earth consisted of a reducing atmosphere of CH4, NH3, H2, H2S, H2O.

· t-RNA, m-RNA, r-RNA are produced in transcription. T-RNA will have “cloverleaf” structure

· Cephalopods have high O​2 demand, giant nerve fibers, & a closed circulatory system.

· Sporazoans = division of Protozoan; diverse group of parasites (ex. plasmodium), cause malaria in humans

· 5 quarts of blood in an average sized adult.

· In a typical antibody, the heavy and light chains are linked by disulfide bonds. 

· Erythroblastosis fetalis – Rh- mother (no Rh antigen, makes Rh antibodies), Rh+ fetus

· Founder effects and bottlenecks occur when a population is originated or rebuilt from very few individuals = ex. of genetic drift, amt. of genetic variation is very limited.

· Genetic/Population bottleneck – result of a disaster nearly wiping out a large population

· Endocytosis uses ATP – AKA pinocytosis
· plasmolysis – shrinkage of a cell due to water loss
· Ontogeny recapitulates phylogeny – refers to embryonic stages of development of an organism repeat the evolutionary history of the species

· Streptococci – can be virulent, form chains; staphylococci form clusters

· For each subsequent level in the energy pyramid, the energy increases by 101.

· Purple/green bacteria, in the anaerobic sediments of lakes/ponds, carry out photosynthesis with H2, H2S, or D as the electron donor, oxygen is not a byproduct.
· pH of lysosome is 5, pH of cytosol is 7
· Starch and glucose are polymers of alpha glucose. Polysaccharides are branched/linear. Peptides can only be linear. Polysaccharides can have alpha or beta linkages.

· Nerve gas – inhibitors of acetylcholinesterase, and cause death respiratory paralysis

· Tay Sachs disease – autosomal recessive disease; lipid buildup in brain cells from lysosomal enzyme defect
· Cells of PCT & DCT are very rich in mitochondria because of active transport. Ammonia = waste product of aquatic animals; uric acid = birds, reptiles, & insects

· Dynein = motor protein; used for movement in 9+2 flagella & cilia; may also be used in chromosomal movement

· Cytoskeleton = microtubules (ex. flagella & cilia), microfilaments, intermediate filaments. 

· Myoglobin curve = hyperbolic, Hemoglobin curve = sigmoidal. Myoglobin has higher affinity for O2 than hemoglobin. Myoglobin has no change in O2 binding over a pH range.

· Epidermis has no blood supply, and depends on dermis for oxygen and nutrients.

· Higher metabolic rate = higher oxygen demand = hemoglobin not as saturated with O2
· Lower metabolic rate = lower O2demand = more saturated
· A genetic map includes crossover frequencies.

· homologues = homologous chromosomes and/or sister chromatids

· ex. of autosomal recessive disorders = PKU disease, sickle-cell anemia, and galactosemia

· parasite & host population densities mimic each other

· decrease in telomere = aging

· recombinant DNA – modifying plasmid DNA for use as a vector to inject specific DNA into an cell

· Episome – chromosome integrated with plasma DNA

· apoptosis = planned cell death (ex. diabetes)

· Necrosis = traumatic cell death
· protobionts – metabolically active protein clusters; precursor to the prokaryote

· People with Down Syndrome are prone to leukemia and Alzheimer’s disease.

· ruminants – animals w/ stomachs of alkaline pH; usually 4 chambers capable of digesting cellulose
